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DICnONART OF CHEMI8IRY. 


CONBYD&XirS. ov 0*1P^NO\ (WeHhtxttkf Wknrd^ 

alkaloid, which has the composition of a of coning (<yD;**N.ir*0), 

(^x i.sts, together with conine, in the flov^ors atfd ripe seeds of 

It is extracted bvva process which will be described unidar Coj^dii^l^ from 

adhering conine by pressing the product after it has been 8ubftiiUa^#^^w tempera- 
ture- (by. means or a freezing mixture), and subsequently by repaStli^Je^S 
tboih ether. 100 kilogr. of fresh flowers yield 6 grammes of pbre cryi#bi|i. 

Conhydrine crystallises in laminae having a pearly lustre sple^&d iridescence ; 
they molt at a gentle heat and sublime^ below 100® 0. a odour, which 

increases when the substance is volatilised, and closely rest a.bl<^ conine. Its 

aqueous and alcoholic solutions have a strong alkaline reaction. Its pliQli^gical action 
is narcotic, but less powerfiil than that of conine. ^ 

1 pt. of conhydrine, heated to 200® C.,for an hop and a hall 8 pts. of anhy* 

dK>us phosphonc acid in a glass tube, decomposes into conine and water. 

Conhydrine neutralises acids, expels ammonia from its oompounds, but appeare to be 
separated from its salts by conine. The hydrochlorate is uncrystallisable. 

Chloroplatinate, 2(C*H‘^NO.HCl).PtCl*.— An alcoholic solution of cs^ydrine neu^ 
tralisod with hydrochloric acid is mixed with alcoholic tetrachloride of ^tinum, care 
being taken to avoid an excess of the latter, and the whole is placed over sulphuric acid 
in vacuo ; when crystals begin to form, the solution is removed, to the air and allowed to 
evaporate, and the crystals are washed, first with ether-alcohol, then with ether. The 
salt crystallises in hyacinth-rod tablets, from 1 to 4 millim, in length, belonging to 
the trimetric system. It gave by analysis 27*58 per cent. C, 6'31 H, 4*65 N, and 
28*04 Pt, the formula requiring 29*47 C, 6*15 H, 4*01 N, and 28*33 Pt. 

COVZCHA&OZTB. An arseno-phosphate of copper and calcium, containing also 
a small quantity of vanadio acid, found at Hinajosa de Cordova in Andalusia. It 
forms rcnlform masses of pistachio-green colour inclining to emerald green, and yield- 
ing a streak' of the same colour. Hardness - 4*5. Specific gravity *» 4*123. Sub- 
translucent. Brittle. Fracture splintery. 1 1 contains, according to Frit zsch6(Pogg. 
Ann.lxxvii. 139), 80*68 per cent, As^O®, 8*81 FO», 1*78 ¥*0% 31*76 CuO, 81*96 
CaO, and 5*61 water, whence it may be regarded as 


anenic or phosphoric acid being replaced by vanadic acid, (Dana, ii. 421 ; Ram- 
melsberg, p. 376.) 

CdniinCy C"H**N, or A volatile alkaloid which 

foriiis the iK)i8onous pritfdple of hemlock (Conium maculat^m). It was discovered in 
1827 by Gieaecke (Brondes' Arch. Pharm. xx. 97), but was first prepared in the 
pure stat4 by Geiger in 1831 (Mag. Pharm. xxxv. 72, 259 ; xxxvi. 159). Ortigosa 
Obm. Oh; Pharm, xlii. 813) ass^ed to it the formula Blyth (Chem. Soc. 

Qti. i. i. 345) regarded it ^ The formula C®H'*N, according to which oonine 

is isomeric with tyanide of oenanthyf or c^ronitrile, C^fl**.CN, was proposed bv 
Gsirhardt and adoptedby v« Planta and ICekul^ (Ann. Ch. Pharm. Ixrrii^ , 129), 




See Adobnda, p. 964. 
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2 CONINE. 

who have shown that ootiino exhihita ths characters of a secondaiy monamin# 

The last formula, which- represents coning as containing the radicle butyroyl C*H^ 
is rendered probable by the frequent production of butyric acid in the oxidation of 
conipe. 

Conine exists in combination with acids in all parts of the hemlock plant, but most 
abundantly in the fruit a little before maturity. The leaves contain a much smaller 
quantity, and appear to lose nearly tlio whole of it in drying, whereas in the fruit the 
quantity is little, if at all, altered hy desiccation. It occurs also in the flowers. Ac- 
cording to Walz, conine is probably also contained in the ripe seeds of fool’s parsley 
{Mthusa Cynapiuni). According to Wagner, it appears to exist in the root of 
(mpeTaioria. In all these plants it exists in combination with acids, and must 
therefore be separated by the action of a stronger base. It then distils over easily 
with vapour of water. 

Preparation. — 1. The seeds of hemlock are distilled with carbonate of potassium or 
slaked lime, and the yellowish distillate, upon which oily drops flout, is neutralised 
with sulphuric acid and evaporated : it then becomes red, violet, and lastly brown, 
and deposits brown resinous flakes, which are separated by filtration. The filtrate 
is evaporated to the consistence of thick syrup, and the residue is treated with a mixture 
of three parts absolute alcohol and one part ether, as long as it continues to grow 
turbid. A precipitate of sulphate of ammonia is thus formed, from which the liquid 
is filtered and then distilled ; and the residue is heated in a water-bath and repeatedly 
moistened with water, until no more alcoholic vapours are perceptible. On cooling, 
the mass is found to contain a number of micaceous laminse, which cannot be separtited. 
The whole is, therefc e. distilled with pota^ in a chloride-of-calcium bath, whereupon 
a clear yellowish oil first ^ ‘ 5ses over, co;ttaining alcohol (probably from ethyl-sulphate 
of potassium), and smeiiing st'*^gly of conine* If this product is rondeted turbid by 
mixture with the following diov..ute, the rei^ver xmist be changed, and the distillation 
continued till the residue is almost iy, wheix id a^in to be mixed with caustic 

e )taahmd water, V distilled as long as Cqniiife continues to pass over. The distil- 

te, consisting of a wat^y liquid add oily conine^ which still contaihS:water in solution 
{for H/oMch reason it become mixed with' oldof^e* of calcium as . 

long as the latter continues to absorb watej^ and then distilled is th^ 

evolved, and there remains a brown resinous tesidue. The distillate is ^ain treated 
with chloride of calcium and distilled in a sand-bath, and the product, which is almost 
♦colottries^ is rectified alone; it then leaves a small resinofis residue. 6 lbs. of fresh 
gr^, or 9 lbs. dry ripe seeds, yi^d 1 m>z. conine. (Geiger.) 

Tpie ai^ exhausted with alcoholi the alcohol is distilled off, and tho 

vesiduiEd syrup is hiixed <with an equal volume Of water and a little liydrate of pota8« 
aium, and distilled in-a Aloride-6f-calcium bath. (Christison.) 

3. When the ^sh flowers (or seeds) of hemlocJc are exhausted with hot water to 
which a little sulphuric acid has been added, and the extract sup^aturatod with lime or 
hydrate of potjE^ssium and distilled as rapidly as posrible^ a strongly alkaline distillate, 
containing a,i& 0 Dia, conine, and conhydrine passes ot^. The disuUlate is neutralised 
with sidphuric acid,, evaporated on a water-bath to a thick syrupy 4X>Bsi8tence, and then 
treafesd with absolute alcohol, which precipita^ sulphate of mmonia. The solution 
is CetaoTed from the d^osit and placed on a water-ba£h, in Order to evapomte off the 
ledoohol ; the residue is allowed to cool, then strongly snpersaturajied w^ 
tested potash and mixed with ether, the whole being shs^^ Jot a CfonsidTOble time. 
The brownish red ethereal solution thus obtained is se^if^ 4^ the aqiaeouB solu- 
tion and evaporated on a water-bath, till the ether is epJnpletely driven it is 
finally heated to 100® C., and then distilled in a stream of hydrogen, alt a vew slowly 
increasing temperature, in an oil-bath. Conine rendered impure by a little water 
and ether, first passes over, and afterwards coiouflesspily owune, vriJm may ^a^ly bo 
purified by neutralising with hydrochloiift-acid, pompg off ISroiin the 

crystals of hydrochlorate of conine, and i»<yystBlli^8ing^.the' s<di fipQfai e0noL> , Couhy- 
drine remains in the retort, and, on hOUting, subUm60yi^;.;ihi^.'U^ amfvbOdt of 

the retort in crystallino laminse ; if very slowly heatedi otherwise 

between 190® and 210®. (Wertheiin.) ' . ^ 

Purification, — Conine, obtained by Geiger^s pr^Hj&s^ ii^mayJ'Stjjlt To 

remove this impurity, the product is shaken glhw 

a few hours, the conine is decanted off. 

shaken up with chlorine-water, but does nitrogen frem sanmonia 

(Boutron-C h arlard and Henry). The ami^maisl^nwTijjKy ^Ihd^the in 

vacuo over sulphuric acid ; the uTolution of gas-bubbles causes ebti^teqn ^iebig). 
if tho conine contains water, it is mixedjirith fus^hydpite'of pdtap^im : tm conine 
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then sepai^teil out, after a time, in an oily stratum, which "ia removed and rectified 
alone. Oon^mercial chloride of calciiun oaim be used for thid pm^ao* as it generally 
csontains aluniina. , 

Propertie 0 ,^Conme is a limpid oily li^W of specific grttvity 0‘89 (Geiger), 0*878 
(Biyt% It boils at 1680—171® C. (Bly th) ; at 187*5® C. (Geiger) ; 189® C. (Chris- 



of water at 100® C., but not without slight decomposition. It has a highly penetrating, 
repulsive, peculiar, and suffocating odour, like that of tobacco, and somewhat resembling 
that of hendock ; at a distance, and in small quantity, it smells like mice ; if closely 
inhaled, it attacks the head and provokes tears (Geiger). Its taste is sharp, repul- 
sive, and persistent, like that of tobacco. It is a violent poison, small quantities of it 
rapidly causing death, attended with tetanus. When outwardly applied, it does not 
dilate the pupil, even if introduced into the eye itself (Geiger). (On the action of 
conine, see Christison, J. Pharm. xxii. 413; J. Chim. mod. xii. 461. Kuhlmann, 
N. Br. Arch, xxiii. 38.) It has a strong alkaline reaction, but only in the presence 
of water (Geiger). Tlie alkaline reaction disappears from turmeric paper on appl ication 
of heat, and slowly from litmus paper. (Ply th.) 

The composition of conine is as follows : 




By calculntion. 

Ortigo«a. 

BlvUi. 

Car1)on 

8 atoms 

. 96 

76*80 

74*59 

75*11 

Hydrogen 

biilrogon 

15 

1 .. . 

. 15 
. 14 
125 

1200 

11 *20 

100*00 

12*05 

13*06 


. ■ > , . * > 

Conine is slightly soluble in at ordinaiy temper^'* .-vvs; it is also capable of 
dissolving one-third of its weight pf water, and at lo^ .iemp'ei., lures an equal weight; 
if it be then heated, it becomes turbid, fr^aeparafr .'if water (Geiger). It is very 
soluble in and when dissolved Jtn 4 pts. of alcohol, maybe mixed in all propor- 

tions with water. It is easily soluble Jn ethers in both fixf *. ind volatile, and in 
acdone, 

Conine in large 4t>eu^ty, fonMng a dark*Qran^-coloured Iplution, 

%^ich yields cryslys of sulphur by evaporation. It is slightly sokble in fidphide of 
oarbon* It does not appear to dissolve phosphorus. « 

Decompositions. — 1. Conine is very inflammable, and burns with a bright smoky 
flame, like volatile oils, leaving only a small residue of carbon. (Geiger,) - 

2. When kept from the air, conine 'i^mains colourless, but, on expoBU:i;e||||s^ the air, it 

rapidly turns yellow, brown, and vif^i^. and becomes less^ soluble inciter, T^e 
aqueous or alcoholic solution undergoes the same decomposition, especially if the conine 
is impure ; both rapidly turn brown, while the aqueous solution' liecomes turbid, and 
deposits resinous flakes (Geiger). In the decomposition of conine by the air, resin 
is formed and amme^a evolved (Christison). Conine, placed in a shallow dish, 
and exposed to thp action of oxygen for some weeks, turns dark red, b^mea thicker, 
and is Anally convert^ into a stringy resinous mass,, which smells 8troii|[ly of conine, 
and has an alkaline reaction. . This resin dissolves in strong hydrochloric acid, and is 
precipitated by carbonate .of pbti^ . If this operation be repeated, and the product 
washed mtn water, a rej^ is obtained which is free ftom conine, smells of butyric acid 
when hpint ov exposed. air, and contains nitrogen^ (Blyth.)^ 

3. ok distiBh^ is always decomposed, ammonia being evolved and 

a resin formed. The ptirer^t conine, the less decomposition takes place. Heated for 
some boUiug point, it is much more decomposed than when 

it is rapi^if to bpiBhg, in which cose the greater part distils over unchanged ; 

ammo)^ and, are fc^mied, mid pc^ihap^ also carbonic and acetic acids (Geiger). 

Moiii|^*e0!idn^4^^ qyer substances which attract moisture, leaves a 

Ann. Ch. Fliys. Ixi. 337). Moist conine 
leaven substince does not (Ortigosa, Ann. Ch. Pharm. 
xliL 17i® C., the boiling point rapidly rises, de- 
composition are evolved. (Blyth.) 

4. acid is generally formed, as when conine is 

boiled’ Ibe same time, which is precipitated from 
the sblut^ by evaporating hydrobromate of conine in vacuo 

witba or j||jmp 9 rating sulphate of conine to d^ness, and by 

treating conmb''ildtbi|(|KcbTO sulphuric acid (Blyth). An 

odour of bntyrio acid ls^Src^ptible during the evaporation of the platinum- or mercury- 
salts of conina, of its basic substitution-product|^(v. P 1 a n t a and K© k u U). Co- 
nine rednoeinil^^idto. (Ortigosa.) 

■ ' « o' 
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6. When conine is nentralised with dilute mineral acids, it not decomposed hy 
B}>ontancous oraporation, but if evaporated with the aid of heat, its solution becomes 
dark, and a salt of ammonia and a resin are formed. The same reaction is produced, 
even in the cold, by an excess of acid, or by acetic or tartaric acid, (G eiger.) 

6. Alcohelic tincture of iodine acts violently upon moist conine, the solution becoming 
turbid and yellow fora few loomentH, and then colourless, and ultimately drying up to 
an uncrystallisablo mass (Geiger.) A weak tinctuco of iodine added drop by <iroj> 
to aleoholic conine, produc<‘s a dark bn^wn precipitate, wliich dissolves and forms a 
colourless liquid. Wlien tincture of iodine is iulded as long as the liquid remains 
eolourless (if an excess of iodiue is added, a different decomposition takes place), and 
the- solution evaporated in vacuo, there remains a brownish mothea*-Kquor, containing 
cry^stalsof a simitar form to those obtained l>y the action of bromine upon conine ; they 
are easily soluble in water, alcohol, and ctluT (JJlytli). Anhydrous conine be- 
comes heated in contact w’itli iodine, and forms thick white fumes and a readily fusible 
mass, which is at first blood-red, and afterwa rds turns olive-^eeu ; this body dissolves 
in wat-er, forming a nearly colourless solution, and depositing a thick black resiu. 
(Geiger.) 

7. When conine (distilled at 169^ C.) is exposed to vapoiu* of bromine, it immediately 
solidifies into a mass of crystalline needles. If too much Viromine is used, the chief 
product is a gummy mass ; if conine is employed whicli distilled over below 168°, a red 
liquid is formtid. The purer th<3 conine, the more abundant is the formation of crystals. 
Conine wdiich has passed over between 98® and 136° does not at first form any crystals 
with bromine, and w'hcn evaporated in vacuo, becomes dark red, or, if more bromine is 
aildod, blai'k. Tliis product, dissolved in water, boiled with animal charcoal, then fil- 
tered and evaporated in vacuo over sulphuric acid, yields transparent colourless needles 
and a brown mother-liquor. The crystals, after waslxiug with ether, contain 48*52 per 
cent. C, and 8*98 H ; they are readily soluble in water and in alcohol, but much less in 
ether ; when purified by treating them with ether, and rocrystuUised from water or from 
alcohol, they form needles which are permanent in the air and melt into an oil at about 
lOO** C., giving off a little conine vapour. On cooUng, the oil solidifies into a striated 
mass.. (Blythi) 

8. Anhydrous conine, acted upon hy chlorine ga^, gives off dense white fumes, becomes 
hot and thick, and forms dark brown mass, which nas a jwjcuUar’^odo^r, something like 
thatof chlorine, but not like that of conino, and when suspended in water and treated with 
caustic soda, diffuses an odour of conino and tur^ntine. With hydrated conine, chlorine 
gas produces a whitish turbidity, separation of oil drops, and a smell of clilorido of 
nitrogen; if potash be then added, an odour of conine is evolved (Geiger). Moist 
conine, free wm ammonia, does not evolve nitrogen when shaken with chlorine-water 
(Charlar d rad H e n ry ). When chlorine gas is passed over conine which has distilled 
at 130° C., the conine becomes hot, assumes a dark red colour, and emits heavy white 
vapours which smell somewhat like oil of lemon. If the action of the chlorine be con- 
tinued and the oil cooled, it becomes colourless again and tliicker, ceases to ovolvo white 
va{)ours, and becomes covered with white crystals, into which it is completely converted 
after the chlorine lias been passed over it for a long time. The crystab are like those 
formed by the action of bromine, and are very volatile. If stirred up with water, they 
readily dissolve ; they are very soluble in alcohol and ether, from which they crystallise. 

9. Anhydrous conine poured upqn dry chromic acid, takes fire immediaU>ly. (H of- 
mann, Ann. Ch. Pharm. xlvii. 85.) 

10. Phosjjho7Holgbdia acid (obtained by precipitating niolybdatc of ammonium with 
common phosphate of sodium, evaporating the soiutiou to dryness, igniting till, the 
ammonia is dnven off, and dissolving the fcsiduAili water containing nitric acid) forms 
with conino and its salts, a bright yeflow |i|HpitHt& The precipitate is scarcely 
soluble at onlinary temperatures in watOT^vCilut^ adds (with the exception of phos- 
phoric Bcid), alcohol, or otlicr ; it is however readily ^en up by the carbonates, borates, 
and phosphates of the alkalis, and deconfjofed, though with difRculty, with separation 
of conine, by the alkaline earths and their carbohatee, as well as by the oxides of lead 
and silver and their carbonates. (Sonnenschein, Ann. Ch. Phann. cv. 46.) 

11. Conino is rapidly attacked by bromide of ethyl, and fonus a crystalline product 

(Hofmann, Ann. Clu Pharm. IxxiV. 175 ; ijcxix. 3*4). Commercial conine mixes with 
iodide of ethyl, and forms at first a hut a reaction quickly takes place, 

whereby a brown off is formed, whicbl^ti to the bottom of the vesseb If the mix- 
ture is heated M|| '^aled tube to 10Q° till the stratum of ether at the bottom no 
longer if the conine is pure^ a viscid oil(hydriodate of etliyl- 

coame):;;:| jif l | || Mfe methyl-conine, there is formed besides hydriodato 

of ethyJp^l^PPpl^M of ethyl-methyl-conine, which solidifies in part imme- 
diately, and ^v. Planta and KckuUi) 

12. conmo, with evolution of heat, forming a compound, 

ttrea^ the of tirhich causes the mixture to solidify on coding. C^u r t z.) 
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Salts OF Coni iSrtff. — Conine is a streng base, and neutralises acids completely; 
forming salts in which 1 at. conine is united with 1 at. of a monobasic acid, 2 at. conine 
with 1 at. of a dibasic acid, &c. These salts may be obtained in the solid state by 
leaving their solutions to evaporate in vacuo, but they are diilicult to crystallise. They 
diss<^lve easily in water, in alcohol, and in a mixture of alcohol and ether, but are in- 
soluble in pure ethfir. Many of them are deliquescent. Q'hey have a disagreeable, 
bitter, and acrid taste, like that of tobacco. In the dry state they ace odourless, but 
the aqueous solutions always smell of eoniue. They are deeomx)osed by heat. 

The acjueous solutions of co nine-salts form, with ioduu-'-soluiom^ di, saffron-coloured 
precipitate, which soon redissolvcs. They yield floecultMit precipitates with tincture of 
galls and tetrachloride of platinum. With alkalis, they give off the peculiar odour of, 
conine; and when shaken up with a solution sulphate (f magmsiuin, thQj iorm a 
crystalline salt. The solutions, when exposed to the air, gradually change, from the 
dcconiposition of the conine, acquiring a l>eaut ifiil red or violet colour, which afterwards 
changes to green or dark blue, and disappears again on addition of alkalis ,* if quite 
neutral, they Cfteii become yellow or brownish. A nincli more rapid decomposition 
takes place when the soluthm of a conine-salt is evaporated by heat and in contiict 
with the air, the conine appearing to suffer the same alteration as when exposed to the 
air in the free state ; the solutions ])eeonie brown, and «ieposit brown floclw, and if an 
alkali be then added, ammonia and conine ar<; st‘t fiv(‘, and a dark-brown, bitter, re-' 
sinous substance is separated, which docs not exert any poisonous action. 

According to Geiger, conine-salts are less poisonous tfian the base itself; according- 
to Christison’s experiments, on the contrary, the poisoiuais action of conine is greatly 
intensified by neutralisation with acids. Five grains of conine, neutralised with hydro- 
chloric acid, and introduced into the vein of a small dog, killed it in a few seconds. 

Acetate, of Conine dries up, by spontaneous evaporation, to a brown varnish-liko 
mass, which dissolves in water, 

lly dr oohl orate of (7owfwc, C*H'^N.HC1. — JTydrochlopic acid gas colours dry 
conine red and then blue. When conine is placed under the receiver of an air-pump, 
beside a vessel containing fuming hydrochloric acid, crystals of the Ijydroclilorate are 
formed in both vessels, having the form of beautiful, colourless, transparent lartiinm 
(^^Liebig). Accordmg to AiV ertheijn (Ann. Oh, Fharm. c. 3!16), conine evaporated with 
hydrocliloric acid, yieldl I'bombic Crystals from 2 to 4 milb metres long, and having a 
rather strong fatty lu^re; they are Easily purified by rceiystallisation from alcohol. 
Tim salt dissolves easily in water, and becomes moist in (^ontacd with the air. If the 
s(»lution be loft to evaporate in contact with the aii*, the salt again crystallises in larnime-, 
hut turns brown from decomposition. 

Ckloroplatinale of Conine, 2(C*H‘-'‘’N.I£Cl).FlCl', obtained by mixing an alcoholic 
solution of conino -with tetrachloride of platinum, anti ovaponiting in vacuo over oil of 
vitriol, is an orange-yellow crystalline pt>W(ler, soluble in water and in boiling alcohol, 
insoluble in ether-alcohol (Ortigosa); decompt^sed at 100'^ C. 

Nitrate of Conine is obtained, by spontaneous evaporation, as a brown deliques- 
cent mass, having the consistence of an extract, mixed with smullneedles and crystalline 
granules. 

Sulpha tc of Con i 7 ir, — Conine, saturated with dilute sulphuric acid, assumes a 
brownish colour on evaporation, and leaves a thick gumm}^ mass, with traces of crys- 
tallisation. According to Charlard and Heniy, the salt is crystallisable, deliquescent, 
and dissolves in all proportions in alcohol. Potash separates the conine. If the eva- 
poration be carried too far, decomposition takes place, and the odour of butyric acid 
becomes perceptible. Sulphate of fqm aidphate of alwminmm^ a double 

salt which crystalKses in octahedix)W^^1^3|^iahi 

Tartrate of Conine. — The flolutidai l^flt to evaporate in the air, becomes turbid^ 
acquires a green and then a brown colour, and leaves an extract-like mass, containing 
small granular crystals. On heating the mass with water, a few brown flakes remain 
undissolved. 

Conine forms cj^stallisable salts with iodic, oxalic, and phosphoric acids.. 

Substitution-derivativea of Coume. 

Conine is a secondary monamine, or containing only om^ 

atom of replaceable hydrogen : for when it' is treated with iodide of ethyl, hy dr iodic 
acid is fomed, and the ethyl takes the place of I at. hydtogenif.^ ti^iljte product 
being hydriodate of tihyl-conine (N,CW.C*H'^).H1 ; but on,y|l^^ with 

iodide of ethyl, no further substitution takes place, but 

forming iodethylate of etkylconine (N.C"H\C*H”).C‘'^II% iicihyU 

fxminium -.w. - - 



GONINE, 


MBTHTL*coyiNB. — This base is often contained in com- 

mercial conine. It is also produced by the action of heat on ethyl-methyl-conine. It 
is a colourless oil, smelling like conine, lighter than water, and sparingly soluble in 
water, imparting, however, a strong alkaline reaction. Iodide of ethyl converts it into 
iodide of ethyl-methyl-coninium. 

Ethyl-conine. (v. Planta and Kekuli, Ann. Ch. 

Fharm. Ixxxix. 131.) — The hydriodate of this base is obtained by heating conine with 
iodide of ethyl in a sealed tube to 100^^ C. for about half an hour ; and by dissolving 
the product in water, removing the excess of iodide of etliyl by decantation, and gently 
heating the solution with caustic potash, ethyl-conine separates, and may be rectified 
in a current of hydrogen after being dried over fragments of chloride of calcium and 
Bolid potash. 

Ethyl-conine is a volatile, almost colourless, strongly refracting oil, lighter than 
water, smelling like conine, partially decomposed by distillation. Iodide of ethyl con- 
verts it into iodide of diethyl-coninium. 

^ Ethyl-conine is sparingly soluble in water, but dissolves readily in acids, with con- 
, mderable evolution of heat. Its salts do not cryst allise by evaporation. 

The hydrohromate and hydriodate arc uncry&tallisable. The hydfochlorate 
is obtained, as a mass of white deliqmiscent crystals, by leaving anhydrous ethyl-conine 
under an exhausted receiver beside u vessel containing fuming hydrochloric acid. The 
ehloro-aurate is precipitated as a yellowish oil which solidifies and crystallises; from a 
hot dilute solution it sometimes separates in beautiful yellow crystals. The chlororner- 
curate is obtained by precipitation, as a white resinous substance, which melts in the 
liquid at the boiling heat, and if dilute solutions are used, separates in rhombo’idal 
tablets. The chloroplatinate, 2(C*®H**N.HCl).PtCl*, is a yellow crystalline powder 
easily soluble in water and in alcohol. 

Dibthyl-coninium, C■H>^ (v. Planta and KekuU, Ann. 

Ch. Pharm. lxxxi|L 146.)— Known only in combination. The iodide, ‘KI, is obtained 
by the action of iodide of ethyl on ethyl-conine in the cold. This mixture, left to itself 
for 12 hours, forms a crystalline mass ; and on heating this product in a sealed tube to 
100^ C., the iodide of diethyl-coninium melts to a liquid which floats on the iodide of 
ethyl The civstals are softer than those of ethyl-methyl-coniuium, dissolve easily in 
water and alcohol, loss readily in ether. 

The hy dra te is obtained in solution by decomposing the iodide with oxide of silver. 
The solution is inodorous, bos a bitter taste, and strong alkaline reaction. 

The chloride^ obtained by saturating the base with hydrochloric acid, forms, with 
chloride of mercury^ a white flocculent precipitate, which melts when heated, and sepa- 
rates from the hot solution after some time in microscopic crystals ; with trichloride of 
gold, a sulphur-yellow semi-fluid precipitate which dissolves when heated, and 8Cpar»ates 
on cooling in oily drops which become solid and crystalline ; and with tetrachloride of 
^.atinum, on evaporation, a crystalline salt containing 2(C**H2*N.Cl).PtCP. 

Ethtl-mbthyl-ooninium, C”H**N « N.CHWn*.C*H'l (v. Planta and 
KokuU, Ann. Ch. Pharm. Ixxxix. 136.) — ^This base also is known only in combina- 
tion. The iodide is produced by the action of iodide of ethyl on methyl-conino. 
When commercial conine, containing the latter compound (ii. 6), is treated with 
iodide of ethyl it yields, besides the syrupy hydriodate of ethyl-conine, crystals of the 
iodide of ethyl-methyl-coninium. The reaction takes place even in the cold, and is 
completed in a few minutes at the heat of the water-bath. On dissolving the product 
in water, removing the mass of iodide of ethyl, and adding caustic potash, a brown 
oil separates which divides into two layer^ the upper, which consists of ethyl-conine, 
remaining liquid, while the lower, consisting of iodide of ethyl-methyl-coninium, sepa- 
rates in splendid needles, which may be purifled by washing with ether containing a 
little alcohol 

Hydrate of Ethyl-methyUconinium is obtained in solution by decomposing 
the iodide with recently precipitated oxide of silver. The solution is colourless, 
igodorous, very bitter, strongly alkaline, and when concentrated acts on the skin like 
. potash. It absorbs carbonic acid quickly from the air. It may be boiled 

,^bout decomposition, but when concentrated and distilled, it is resolved in methyl- 
rv^'feonine, water, and ethylene gas t 

fleeted in a sealed tut»d %ith iodide of ethyl It is converted into alcohol and iodidi? of 
etbyl-methyl-coniniuBn » 
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The chloride^ sulphate^ nitrate^ carbonate^ oxalate^ and acetate, of ethyl- 
methyl-coninium are cryutallisable, very soluble in water, and, for the most part, 
deliquescent 

The iodide^ forms colourles.s needles very soluble in water and in 

alcohol, insoluble in ether and in alkaline liquids. It may be boiled with caustic potash 
without decomposition. 

Chloro-aurate, C*’II”NCl.AnCl*. — Precipitated by chloride of gold from a so- 
lution of the base in hydrochloric acid, in yellow Hakes which soon become crys- 
talline. From hot solutions, tlie salt is deposited in fine needles on cooling. The 
dry salt melts below 100*^ C. (Gold, by analysis, 38*07 per cent., by calculation 38*86 
per cent) 

OhloTO^mer curate^ C“H“NC1.3HgCP. — White crystalline precipitate, moderately 
soluble in water, ahioliol, and ether. Gives by analysis, 69*15 per cent. Hg, and 
24*5»3 Cl, the formula requiring 59*03 Kg, and 24*45 Cl. Wlien heated with wator, 
it melts and dissolves, and the solution, on stjuiding, deposits another salt containing 
2C"H**NC1.6HgCl2. (Analysis, 14*25 per cent. C, 2*70 II, and 65*78 Hg ; calculation, 
14*98 C, 2*50 H, and 56*76 Hg.) 

Chloroplatinate^ 2C“H-*NCl.PtCl^. Precipitated as a yellow crystalline powder, 
or from dilute solutions, gradually, in fine octahedrons. It is sparingly soluble in 
cold water, more soluble in boiling water, insoluble in alcohol and ether. (Mean of 
analyses, 36*49 per cent. C, 6*54 II, and 26*43 Pt ; calculation, 36*37 C, 6*85 H. and 
26*46 Pt.) 

COKXSTOZrZTS. A name given by B. P. Grog (Sill. Am. J. xvii. 333) to a 
hydrated oxalate of calcium in crystals of the trimetric system, from Coniston in 
Cumberland ; fiftcrwards, however, found not to bo a natural miucral {ibid. xxii. 252). 

COITITl!, or Konite^ Compact dolomite. 

COHIUK XMtAClTXiATiriMCa Hemlock , — This very poisonous plant contains the 
two alkaloids, conine and conhydrine. It lo.ses its activity by drying, and, according 
to Muller, by keeping for twelve months. The extract loses its ivity with equal 
facility, the alcoholic sooner than the aqueous extract. According to Landorer, the 
green parts of the plant contain also a small quantity of an extremely intoxicating oil, 
100 pts. of the dry leaves contain, according to Wrightson (Pharm. J. Trans, v. 40), 
6*8 pts. nitrogen, and 12*8 ash, consisting, &ter deduction of carbonic acid, sand, and 
charcoal, of 21*7 per cent potash, 9*6 soda, 14*9 lime, 8*3 magnesia, 2*6 silica, 6*9 sul- 
phate of calcium, 16*7 phosphate of calcium, 3*5 ferric phosphate, and 1G*6 chloride of 
sodium. 


COSrJirOATEB C OMPOUK DS. Copulated compounds. Corps conjuguh ou 
eopuUs. Gepaarte Verbindungen, — These terms, the meaning of which has never been 
very clearly defined, were first introduced into organic chemistry by Gerhardt, in 1839. 
He had observed that certain acids, especially sulpliuric acid, produce, by their action on 
orpnic bodies, peculiar compounds in which the characteristic properties of the 
original substances are no longer perceptible ; benzoic acid, for example, is converted 
by sulphuric acid into sulpho-benzoic acid, a compound in wliich the presence of sul- 
phuric acid cannot be detected by barium-salts. This kind of union was called l)y 
Gerhardt (accouplement); the product, a copulated compound {sd 

co'jnUe), and the organic body which united with the sulphuric acid, was called the 
copula {copvlc^ Paarling), 

To explain the formation and properties of these substances, Gerhardt supposed that 
the action of sulphuric acid and similar acids on organic bodies may take place in two 
ways. Either the acting acid loses its saturating power, in which case the product is 

formed by substitution, e.g. sulphohenxide^ from benzene^ 6'‘®/i®,by the substitu- 

tion of /SO* for 1 at. IT ; or the acting acid retains its saturating capacity, in which 
combination takes place by copulation. In many cases both these actions were sup- 
posed to take place together ; thus the formation and composition of sulpho-benzoic 

acid (anhydrous) were represented by the formula 

^ Similar views regarding the constitution of such acids were put forth about the , 

time by Dumas and Piria, who designated them as “ conjugated acids.’' Berzeliui ■ 
also sulopted the terms copulated and conjugated, but applied them in a different sense, 
namely, to designate compounds wliich he could not regard as formed by the union of 
elements or compound radides in opposite electrical states ; thus water, inetallic oxides, 
and the corresponding oiid^ of organic radicles, were supposed to be capable of uniting 
with acids, or olcctro-negaf^ bodies, in the ordinal*}’ w ay ; but the union of all other 
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t)odies was called copulation. Thus acetic acid, was regarded as oxalic acid, 

0*0*, copulated with methyl, OW; trichloracetic acid, 0*0^0*, as oxalic acid, 0*0* 
copulated with sosquichloride of carbon, 0*0Z*. A copulated compound was defined as 
a compound of an active substance (e. g. the oxalic acid in the compounds just men- 
tioned) with a passive substance or copula. Substitution (of Cl for H for example) 
was supposed to take place only in the latter. Those views of Berzelius have clearly 
no connection with those previously mentioned. Gerbardt in fact protested ag^st 
this use of terms which he had introduced in a different sense, and, at the same time, 
defined conjugated compounds as bodies produced by the substitution of “residues” 
(or compound radicles) for elementary bodies, — this definition including the amides, 
compound ethers, nitro-substitution compounds, as well as the compounds formed by 
the action of sulphuric, phosphoric, and other polybasic acids on hydro-carbons and 
organic acids. 

In a memoir on the anilides published by Laurent and Gerhardt in 1848, the fol- 
lowing definition is given: — “ We designate us conjugate compounds, all such as are 
formed by the direct union of two bodies, with elimination of water, and are capable 
of reproducing the original bodies by again taking up the elements of water ” 

The following are examples : 

Ethyl-sulphuric acid, formed from alcohol and sulphuric acid ; 

+ IPSO* = 

Acetic ether from alcohol and acetic acid : 

* C‘IPO- + 

Nitro-benzoic acid, from benzoic and nitric acids ; 

+ HNO=‘ = CaP(N0*)0» + H*0. 

Sulpho-benzoic acid, from benzoic and sulphuric acids : 

+H'^SO^ = ewso'^ + n^o. 

Bensamide, from benzoic acid and ammonia : 

C’H«02 + « C»H’NO + IPO. 

It is easy to see, however, that on this definition nearly all chemical compounds 
might be regarded as conjugated : for the mode of action just illustrated is precisely 
that which takes place in the formation of the simplest salts, e. g , ; 

Chloride of ethyl . . .CWO+HCl cx C*H»Cl+ n*0 

Acid sulphate of potassium . . KIIO + IPSO^ = HKSO* + II=*0 

Chloride of potassium . . . KIIO + IICl = KCl + H*0 

More recently (in his TraiU da Chimie Organique^ 1863-56) Gerhardt, while ho 
admits that in a certain sense all organic compounds may be regarded as conjugated, 
nevertheless restricts the actual use of the term to certain groups of bodies, without, 
however, distinctly sShting wliat they are. He no longer applies it to the others, either 
acid or neutral, or to the amides; but includes among conjugated compounds the amic 
acids, and compounds formed by the substitution of bromine, chlorine, or nitryl, for 
hydrogen. The idea of a conjugated compound he explains as follows : — 

“ To connect together two or more systems of double decomposition of one and 
the same body, it is often advaiitiigcous to represent its composition by a conju- 
gated radicle, that is to say, a radicle made up of several radicles, each of which 
represents one such system of decomposition. Wc must regard as conjugated the 
radicle of every body capable of being transformed, by certain very simple reactions, 
into compounds belonging to other radicles (radicanx c<mstitnants\ or in other words, 
the radicle of every body resulting from the metamorphosis of such combinations. 
Thus acetyl, may be regarded as a conjugated radicle composed of carbonyl, CO, 

and piethyl, CH*, because acetic acid and its derivatives are capable of splitting 
<1^ into compounds containing carbonyl, and others containing methyl (1. 17); and 
’T)sonverSely, acetic acid may be produced by the action of carbonic anhydride on po- 
.?jtosium-methyl. Similarly with the radicles of the other fatty acids; thus, formyl 
' sS'CO.H ; propionyl - CO.C*II* ; butyryl = CO.C*H^ ; amyl « CO.C^H®, &c. The 
isame acid radicles may also be regarded as alcohol-radicles in which IP is replaced by 
O ; thus acetyl, C^H*0, may be regarded as formed from ethyl, ; propionyl, 
C*H*0, from trityl, C*H^; butyryl, C*H^O, from tetryl, C^il®; this mode of repre- 
sentation corresponding to the fact that the alcohols are converted into fatt^acida 
by oxidation.” 

In general, complex radicles may be regarded os conjugated either by addition or 
by substitution ; e, g. tetrcthylammoniura, N(CTr')\ is ejjj^er a compound of N with 
4 at. ethyl ; or it is ammonium, NH‘, in which 4 at. IT arc replaced by ethyl. The mode 
pf representation by substitution is especially applicable to bodies formed by the action 
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of chlorine, bromine, nitric acid, or sulphuric acid on organic bodies, and to the amides, 
amines, and ammonium- bases. * 

From these considerations — for the full development of which we must refer 
to Gcrhardt's Traitc (iv. 602) — it will be seen that Grerhardt ultimately gave up the 
idfva of conjugated compounds as distinct from others, and retained the term merely 
for the sake of comprehending certain substances in groups, and exhibiting certain 
analogies in a clearer light. His formube, in fact, represent decompositions, the most 
important tninsformations being indicated by the radicles which appear in the typical 


formula : thus, when acetic acid is written, 


0, we are reminded that 1 at. of 


hydrogen may be exchanged for a metal or other basylous radicle, and that 1 at. 
0 (outside tlie radicle) may be replaced by JS. yielding thiacetic acid, or by 2 at. Cl, 
yielding chloride of acetyl and chloride of hydrogen. In these transformations the 
radicle acetyl remains unaltered, and may be regarded as a simpb* substance ; but any 
otlicr transformations must affect the radicle itself, and to indicate those, the formula of 
acetyl must be resolved into others, in the manner above mentioned, tlie acetyl tlien 
appearing as a conjugate instead of as a simple radicle. (Soo Classification, i. 1017.) 

Considered in this light, conjugate radicles are merely modes of expression adopted 
for convenience; and it is easy to show that by the extensions of the typical mode of 
r< ‘presentation of chemical compounds which have come into use since the publication 
of Oorhurdt’s work, the use of conjugate radicles may be dispensed with altogether 
(see Typks). For example, Gerhardt represents the amic acids as containing radicles 
of this cliiss, and refers them to the type IHO ; thus — 

Typo. Carbainic acid. Ox.imic arid. 

Nincorjo NIP(C»OTjo. 

NH*) 

but tliey may alno be referred to the mixed type Qipf* and then the conjugate radicles 
may be broken up : thus — • 


Carbamic acid. 

11 In 


Oxamic acid. 

h|n 
(Cwy'L 
II $ 


|h 0 o o 

H J II { 

In like manner, many sulpho-ackls, supposed by Gerhardt to contain conjugato 
radicles, because tlu'y were referred to the type H*0, may be regarded as derived from 
H'O } • • o 

the mixed typo > and us containing simple radicles, : 


Sulphurous acid. 


Methyl -sulphurous 
arid. 

CH’(SO*)>„ 

H ^ 


Sulphophonyllc 

acid, 

CTP(son?„ 

H p 


(so^y-jo 


(,SO,»jo 


The same mode of representation may be applied to the acid ethci^s of dibasic acids. 
If they are referred to the typo they must bo supposed to contain cunjugato 

radicles : 


Ethyl-sulphuric or 
Sulphovinlc acid. 

C2H>(S0*)0|q 


Phenyl-Bulphuric or 
Suiphocarbulic acid. 


but by referring them to the type they appear as acid salts exactly analogous tio 
acid sulphate of potassium : 


Sulphuric acid. 

Ethyl-sulphuric acid. 

Phonyl-sulphuric acid 

= [o 

cr*H* >0 

C«H* >0 

(SO*)".' 

(SO*)" : 

(SO*)" > 

H jo 

n 1° 

H 1“ 


Til esc examples arc sufficient to show that the transformations of any compound, ho 
fur as they are known, may be represented by typical formulfo without the assumption 
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of conjugate radicles. Still the use of these radicles is often convenient, inasmuch as 
it affords typical formulae of comparatively simple structure, and such as bring pro- 
minently into view a certain set of reactions, which may be the especial object of con- 
sideration. But it applies equally well to all classes of compounds, excepting of course 
the very simplest ; and the compounds to which the term conjugate has oeen and still 
is by some chemists most frequently applied, are not distinguished by any essential 
characters from those which are commonly assumed to be of simple constitution. 

Wo must not, however, omit to notice that there are a few compounds, produced by 
the action of sulphuric acid on organic Indies, — the very class, indeed, to which the 
term conjugate was originally applied, — which are still supposed, by some chemists, 
to possess peculiar properties entitling them to the name. 

One characteristic of a true conjugated acid, is said to be the comparatively greater 
permanence of the compound radicle which it contains, and the power possessed by 
that radicle of passing from one typo to another without decomposition. Thus, sulpho- 
phenylic acid is transformed by pentachloride of phosphorus into chloride of sulpho- 
phenyl, and this, by the action of ammonia, into sulphoplienylamide : 

Sulphophenylic ChUtrido of Siilpliophenyl- 

acid. sulphopheiiyl. amide. 

C*H*(S0’)|q • C«IP(S0*).C1 

Here the radicle C®H®(SO*), which is found in all the three compounds, is said to be 
conjugated. The fomation of the chloride from the acid may, however, be shown to 
take place quite in the usual way, without assuming any peculiar fixity in this radicle. 
The action of chloride of phosplionis on acids and other oxides is kuow'ii to consist in 
the replacement of 0, in the type IPO, by Cl", the result being the formation of two 
separate clilorides, because the bond which held together the two atoms of hydrogen, 
or their equivalents in the tvpe H-0, is broken up : thus, 

IICl C^IPO^^ . C’^H^O.Cl 
HjO givM ijq; jj| 0 gives . 

In like manner, if we represent sulphophenylic acid by a fonnula modelled on the 

TJ20 k 

mixed typo 5 ,we find that 


C®H\SO®) 

H 


Sulphophenylic 

acid. 


Chloride of 
Auipliophenyl. 

(mf.ci 

IICl ’ 


(SO*)")^ . (SO?. Cl 

U r -Jiur- 

The clilorido belongs to the mixed type > the two molecules H’ and IICl being 

held together by the radicle SO*, just as the two molecules II* and H*0 were in the 
original acid. 

In fact^ chloride of snlphophcnyl is related to sulphophenylic acid in exnctly the 
same manner as chlorhydrosulplmric acid (S0*HC1), the compound formed by the 
action of pentachloride of phosphorus on sulphuric acid, is related to that acid : 


Sulphuric 

acid. 


Type. 

ChIorh}'dro. 

Bulfihuric 

acid. 

Type. 

Sulpho- 
phmiylic acid. 

H 

}HC1 

(SO*)j^ 

. o 

(SO*)") 

Hi 


Chloride tif 
Bulphopheiiyl. 


(S0*)".C1 


If sulphophenylic acid is to be regarded as conjugated, on account of the formation 
of chloride of sulphophenyl, sulphuric acid ought likewise to be regarded as a conju- 
acid, on account of the formation of chlorhydrosnlphuric acid: 

' ^ H(S0*)0 1 Q C W(S0*)0 1 Q 

Sulphuric acid. Sulphophenylic acid. 


Chlorhydrcgnlphuric acid would then be regarded as the chloride of the same radicle, 
namely, H(S0*)0.C1 ; in fact, when treated with water, it reproduces sulphuric aci^ 
just as chloride of sulphophenyl reproduces sulphophenylic acid. (K e k u 1 6.) 

Another class of acids to which the term conjugate is still sometimes applied, in- 
cludes those which result from a peculiar action of sulphuric acid, especially of the 
fhming acid, on certain organic bodies, — the change consisting in the abstraction of an 
atom of hydrogen from the radicle of the compound, which radicle accordingly under- 
goes an alteration of atomicity, becoming, for example, diatomic instead of monatomic. 
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This change may, however, bo easily represehtod by means of mixed types, as in the 
following formulae of sulphacetic and sulphobenzoic acids : 


(CWO^-jo 

Sulphacetic acid. 

(c»H>or)Q 

(SO*)"’, 


Benzoic acid. 

(C’ffoyjo 

Sulphobenzoic acid. 

(CW{o 

caon"> 


These sulpho-acids are formed from acetic and benzoic acid in the same manner as 
isethionic acid, (SO*)"{ , from alcohol, -irfO. Now this last acid may be formed 

}o * 

(c^H^r>o 

by the action of boiling water on sulphate of carbyl, or (SO*)"{ , which is 

(SOTfO 

itself a product of the action of sulphuric anhydride upon ethylene C*IT^* In this last 
mode of formation there is no alteration of the radicle ; consequently, if such alteration 
were supposed to necessitate the representation of the resulting compound by a formula 

containing a conjugate radicle, e, g. sulphacetic acid, by ^ ^ and isethionic 

acid, by ^ | would follow that the last-mentioned acid might be regarded 

as conjugated or non-conjugated, according as it was formed from alcohol or from 
oleflant gas. 

From all these considerations it follows that there is no case in which the use of 


conjugate radicles is a matter of necessity, the use of a radicle or of a type of greater 
or less complexity being in all cases a matter of convenience, and determined by the 
particular kind of chemical transformation which the formula is intended to represent. 
It would be well, therefore, if the idea of conjugation, as denoting any peculiar mode 
of chemical combination, were altogether banislied from the science (Kekul^, 
Lehrbw'.h dcr Organischen C'hemic^ 1859, i. 192). — On the history of conjugate com- 
pounds, see also Limpricht and v. Uslar, Ann. Ch. Pharm. cii. 139; JVIcndius, 
ciii. 39 ; Kckul6, ihid. q\v. \ evi- 129; Limpricht, ibid. civ. 177); also 
the articles Classificatiok, Radicles, Substitution, and Trims, in this Dictionary. 


OOmraCTZlTS TISSTTS* Bmdgeimhe . — This term is applied to a tissue 
chemically allied to cartilage, though of a simpler character, and comprises, not 
merely the porous soft cellular sukstance, characterised by the readiness with which 
it TTiiiy be filled with air, which cojinects together the various organs and tissues of 
the animal organism, and was formerly called cellular tissue,, but also those morpho- 
logical elements which constitute tho solid basis of many of the animal membranes 
and ligaments. The tissue which connects the organs one with another, forming a 
network of variously sized meshes composed of long slender fibres (of 0*0003 — 0 0005'^ 
diamet^^r), for the most part united in bundles, is called amorphous (Ilenle), or loosc^ 
areolar connective tissue {KoWikev), This tissue gmdually passes into a more solid 
variety distin^ished by the epiXhct formed (Ilenle), or compact (Ko Hiker), which 
forms the basis of the tendons and ligaments, the fibrous membranes and muscular 
fasciae, the envelopes of many soft organs (the dura mater, neurolemma, &c.), the seirous 
and synovial membranes, the coats of tho veins, the so-called vascular membranes, {pia 
mater, chorotdea, &c.), the interarticular cartilages, &c. 

The true connective tissue is, however, constantly mixed with vessels, nerves, fat-cells, 
elastic fibres, and frequently also with unstriped muscular fibres, which cannpt 
mechanically separated from it, so that its chemical examination is a matter of scm# 
difficulty ; but from the analysis of those organs, such as the tendons, in which it id 
mixed with the smallest amount of these morphologiciil elements, it appears to bo 
identical in composition with gelatin. 

Connective tissue immersed in boiling water contracts somewhat at firsts but soon 
swells up like a jelly, and dissolves on prolonged boiling, yielding a solution of gelatin* 
If the water contains an acid or alkali in solution, the transformation is effected much 
more quickly. 

The change which here takes place is rather physical than chemical : for the con- 
nective, and indeed all the gelatinising tissues, appear to have essentially the same 
eemposition as gelatin itself, as may be seen from the following analyses by Scherer 
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(Ann. Ch. Pharm. lx. 46-49) and Mulder (Vers, ciner allgem. physiol. Chem. Brann* 
achweig, 1844 — 51, p. 333.) 

Schrrer. Mulder. 

- . ■ A, . ■ ■ ■ ^ Oelntln from : 

Isinglass. Tendons. Srlcrotica. Stag’s horn. Isinglass. 


Carbon . . 

. 60*557 

60-774 

49*563 

50-996 

50*06 

60 76 

Hydrogen . 

. 6*903 

7*152 

7*148 

7*075 

6-04 

G-64 

Nitrogen . 

. 18-790 

18-230 

18*470 

18*723 

18*39 

18*31 

Oxygen . . 

. 23*570 

23*754 

24*819 

23*207 

24*92 

24*29 


In concentrated acetic acid connective tissue swells up and becomes transparent, but 
does not dissolve till water is added and heat applied. The acetic solution is not pre- 
cipitated either by red or by yellow prussiate. In dilate acetic acid, the ftbre.s of 
connective tissue likewise swell up, becoming transparent and invisible, but do not 
dissolve, even after several hours’ boiling; for on washing with pure water, or neutral- 
ising the acid with ammonia, they reappear in their original form. As most of the 
other textural elements which are intermixed with the connective tissue are not 
rendered invisible by acetic acid, they arc brought more distinctly into view by its 
application : hence this acid affords valuable aid in the histological study of the tissuo.s. 
In alkalis the fibres also swell up in the gelatinous form, but if the action of the alkali 
lias been continued for some time, they do not reappear on addition of water, but are 
thereby dissolved. 

Embryonic connective tissue (Virchow’s Ttmeous tissue) does not yield gelatin 
when boiled with water, (Scherer); it consists, in addition to fusiform cells, of a 
peculiar intercellular substance, which, when digested with water, yields albumin 
together with a gelatinous or mucous substance. (Lehmann's JPhysiological Chemistry ^ 
iii. 46 ; Grudin's Handhuch^ viii. [2] 457). 

COirir£3b1«XTfi. A Cornish mineral, consisting of cupric chloride, sulphate, and 
water, forming small fibrous crystals, belonging to the hexagonal system, translucent, 
of blue colour and glassy lustre, insoluble in water, easily soluble in hydrochloric and 
nitric acids. (Connell, J, pr. Chem. xlii. 453.) 

COXO’TiiGT A.CTXOl'V’- Catalytic action^ Catalysis. These terms are applied to 
a numerous chuss of chemical actions, in which the comliination of two bodies, or the 
decomposition of a compound, is brought about by the intervention of a substance 
which shows no tendency to unite with eitlicr of the bodies concerned, and remains 
unaflfocti^d by the changes which take place. Berzelius, who first drew attention to 
this class of actions, supposed that .substances acting in this manner po6ses.sed a pecu- 
liar power which he called “ catalytic force” (from fearaXveirj to resolve); he 
regarded this power as a manifestation of electric force, different, however, from the 
ordinaiy action of electricity. Mitscherlich designates substances thus acting “con- 
tact substances,” and the mode of action, as chemical action or corubination by 
contact. 

Examples of these contact actions are found both in inorganic and in organic 
chemistry; c. g. the action of platinum and other metals in inducing the combination 
of oxygen and hydrogen ; the rapid decompo.sition of peroxide of hydrogen liy the 
presence of platinum, silver, fibrin, &e. ; the conversion of starch into dextrin and 
sugar by boiling with acidulated water; the conversion of cane-sugar into grape-sugar 
by coritact with acids ; and the numerous and varied phenomena of fermentation an^- 
putrefaction. 

The connection between these somewhat oliscure phenomena and those of ordinary 
chemical action, is perhaps to he found in the idea suggested by Berzelius, that they 
are due to some modification of the electric state of the bodies, or, to speak more 
generdlly, to a polarisation of the combining or separating atoms induced by the pre- 
sence of the apparently inactive body. Take, for example, the action of platinum in 
inducing the combination of oxygen and hydrogen. Wo know from the effects of 
Grove’s gas-battery (see Electricity), that when two glass tubes containing , oxygen 
and hydrogen respectively are inverted over water, and platinum plates immersed in 
them, partly in the gas and partly in the water, the plates being also connected by a 
wire outside the tubes, the gases gradually disappear, and a voltaic circuit is formed, 
in which the platinum immersed in tho hydrogen corresponds to the positive or zinc 

E late of the ordinary battery. This effect indicates a polarisation of the molecules of 
ydrogen, oxygen, and platinum, such as is represented in the following diagram : 

Pt H O Pt 

- 4* - + 

Now it is highly probable that a similar polarisation and consequent combination of 
tho oxygen and bytogen takes place when a clean platinum plate or wire, or finely 
dividea platinum, is introduced into a mixture of thoss gases, tho effect of the metal 
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l)eing due to the fticility with which its contiguous particles place themselves in oppo* 
eite (dectrical or polar stales. The peculiar efficacy of platinum in bringing about such 
combinations, appears to be related to its inediuni position in the electrical or chemical 
scries : wo know, indeed, from the purely chemical relations of platinum, that it is 
almost, equally disposed to play the part either of a chlorous or acid, or of a positive 
or basylouH element. The more eneigetic action of the tinely-divided metal is of course 
due to its larger surface, and to the pjwer which such bodies possess of condensing 
gjises within tlieir pores. Tlie deeonq)osition of peroxide of hydrogen, by contact with 
platinum and other metals, may bo supposed to take place in a similar manner. 

The polarised state to which we have attribuU‘d the action of pJutiiiunj in these 
cases is by no means an isolated condition, but one wliich pervades the whole range of 
chemical phenomena. That the whole of the molecules composing a voltaic circuit 
may be regarded as polarised, was pointed out many years ago by Graham (Elerrunta 
of Chemistry, 1st ed., 1841); and that a similar polarised state comes into play 
in oniinary cases of chemical action, and may serve to account for many phenomena 
usually regarded as somewhat obscure, — such us the peculiar energy of bodies in the 
«o-callod nascent state, — the decomposition of peroxide of hydrogen by certain metallic 
oxides, which are themselves at the same time r^uced to a lower state of oxidation — the 

-f— +— + — +-- 

reaction between hydrochloric acid and hydride of cop^r (Cu'GP + 2I1C1 - CmCF + 2II11) 
— the mutual decomposition of hydriodic and iodic acids — and many similar plienomemi, 
— was shown b^r Brodie in his paper **On the condition of certain elements at the 
moment of chemical charge (Phil. Trans. 1850, p. 759) ; see also Chemical i\FFiNiTY 
(i. 858), When, therefore, wc refer the action of platinum and other metals to ehemical 
or electrical polarity, we merely point out that these phenomena may he regarded as 
particular cases of a recognised mode of action. Whether the so-called contact actions 
which are so frequently observed in organic chemistry, such as the action of ferments, 
and the conversion of starch into sugar by the action of acids, can be explained in a 
similar manner, is a question which does not at present admit of a decided answer. 
(8ee a paper by Dr. T. L, Phipson; La Force calalytique ou itudea sur lea Fhaw^ 
mhies de Conteudy Haai’lom, 1858.) 

It not unfrequently happens that reactions are effected with ease hy using a con- 
sideruble excess of one of the reagents, which can he ]>rought about only with difficulty, 
or not at all, by usiiig only as mucli of the reagent in question as actually frikes part 
in tlie ehemical change. These reactions may reasonably be regarded as a sp{‘cial 
clfiss of contact action, tho excess of the reagent facilitating the action of that portion 
which takes part in tho reaction, in much the same w'ay as in other cases, the con tact- 
sithstancii'' promotes tho action of a body chemically different from itself. Tho nio.st 
probable explanation that has hitherto been suggested of this action of the mass of 
a reagent, and of catalytic actions in general, is that the eontaet-snbstanee assists tlie 
reaction, by exerting its affinity in the same direet.ioii as the bodies striving to react 
upon another, but under such conditions that it cannot itself undergo alf<‘ration. This 
supposed mode of action will be made oioro easily intelligible by an example: if oxali«i 
acid is heated with nitric acid until it begins to be oxidised, ;ind water is tlien added 
to the mixture until the action ceases, the oxidation immediately begins again on tho 
addition of a small quantity of a ])roU)salt of manganese (Mercor). In this instance, 
the tendency of the manganous .salt to become a manganic salt, acts in tho same direction 
as the attraction of the elements of tho oxalic acid for the oxygen of the nitric acid,' 
which is thus decomposed under the influence of both substances acting together, under 
circumstances iu which it vv^ould not have been docompo.sed by either alone; a sosqui- 
salt of manganese being, however, ijiea|)al)le of existing in an acid solution containing 
oxalic acid, tho protosalt of manganese remains unchanged, although aiding hy its 
presence to bring aljout the reaction. This mode of explaining many eases of so-called 
action of contact, was flr.st suggcHted by Mercer (Brit. Assoc. Hep, 1842, vol. ix. Notioe.s 
and Abstracts, p. 32); it was further developed by Playfair (Mem. and Proc, Ghem, 
^Soc. (1847) iii. 348), and is applied by Kekul6 (Lehrb- d. Org. Chem. i. 142, note) to 
the explanation not only of such phenomena, but, in the way indicated above, to 
those commonly referred to the action of mass. 

COXrViLXiXbflLMARSTXK. A substance produced by the action of acids and 
alkalis ou convallamarin. It separates from the liquid in crystalline .spangles, cakes 
together into a resinous mass on i)oiling, melts when heated alone, and decomposes by 
dry distillation. (W a 1 z. ) 

COMTVA&XAMARnr. A bitter .substjincc contained, together with convallarin, 
in Convallaria majalia (Solomon’s seal). It is obtained by diluting and filtering the 
mother-liquor from wliich the conv'allarin has separated, then digesting with animal 
charcoal, precipitating with tannic acid, and separating the tannic acid with oxide of lead* 
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Conyallamarin is a white powder, having a bitter taste, with peculiar sweetish after- 
taste, easily soluble in water and alcohol, nearly insoluble in ether. By heating the 
aqueous solution with dilute sulphuric acid, the convallamarin is resolved into sugar, 
water, and convallamaretin. Nitric acid colours convallamarin yellow ; strong sulphuric 
acid colours it violet, but the colour disappears dilution. Alkalis decomposes it, 
with separation of convallamaretin. (Walz.) 

OOHVAXiXiAJtSXnr. See Convallabin. 

OOyvilTiliAltl A . The flowers of Convallaria majalis (Solomon’s seal) yield, 

distillation with water, a small quantity of a volatile, crystalline, strong-smelling 
caij^horoidal substance, and a bitter principle (Herberger). Walz (N. Jahrb. 
Pharm. 1868, 'z. 145) has obtained flx>m this plant two compounds, named con- 
Tallarin and convallamarin. 

In the herb and stalks of lily of the valley, Convallaria multijlora^ Walz finds 
aspaiagin, starch, j^ar, citric acid, malic acid, and a crystaUisablo substance which 
produCM a scratching sensation in the throat. 

C01WA&&A111M'. A substance contained in Convallaria majalis. The plant, 
collected during or after the flowering time, is dried, pulverised, and exhausted with 
alcohol of 0*84 ; the tincture is precipitated with subacetate of lead ; the lead removed 
from the filtrate by sulphuretted hydrogen ; and the crystals of convallarin, which 
separate on evaporation, are purified by washing with ether. 

Convallarin is composed, according to Walz, of it crystallises in right 

rectangular prisma, is sparingly soluble in water, to which it imparts an irritating 
taste, and the property of frothing when agitated. By prolonged boiling with acids, it 
is said to yield sugar and c o n v al 1 a r et in, a yellowish- white ci’ystalline mass, 

soluble in ether, and having a slight resinous taste. 

COWOIiVUriiXC ACXDt An acid formed from convolvulin, under the influence 
of bases, by addition of the elements of water. It was first obtained by Kai ser (Ann. 
Ch. Phann. li. 30), who called it hydro-rhodeoretin, and assigned to it the formula 
afterwards more fully examined by M ay cr {ibid, Ixxxiii. 126 : xcv. 162), who 
gave it the name rhodeoretic acid, and regarded it as a dibasic acid, 
or 0^.2 7/0/ subsequently, however, he has considered it as a tribasic acid, 

with the formula (or sexbasic, according to the formula C®“n'"®0®*.H‘‘). 

Convolvulic acid is prepared by boiling 100 grammes of convohmlm in 600 grms. of 
baryta-water with frequent agitation ; precipitating the baryta, after cooling, with a 
slight excess of sulphuric acid; then removing the excess of sulphuric acid by agitation 
with carbonate of lead ; precipitating the dissolved lead by sulphuretted hydrogen, 
and evaporating the filtrate on the water-bath. 

Convolvulic acid is a white, very hygromctric substance, rosombling convolvulin in 
appearance, soluble in all projiortions in water and in alcohol, insolulde in ether, The 
a<\ueous solution has a strong acid reaction, and a very faint odour like that of quinces. 
It softens at a few degrees above 100® C., melts between 100® and 120®, and decomposes 
at higlier temperatures. 

It contain.s, according to the mean of Mayer’s analyses, 52'60 per cent, carbon and 
7*81 hydrogen, whence Mayer deduces the formula (52 8 per cent. C, and 7'5 0), 

representing the acid as convolvulin, phis 3 at. water. This formula is, however, im- 
probable, on account of the uneven numbers of atoms of hydrogen and oxygen. 

Convolvulic acid reacts like convolvulin with acetic, nitric, and strong sulphuric acid. 
By boiling with dilute sulphuric or hydrochloric acid, it is resolved into convolvulinolio 
acid and glucose ; the some effect is produced by emulsin : 

■ C^lmp^ + %UO « 

Convolvulic acid expels carbonic acid from alkaline and earthy carbonates, especially 
with the aid of heat. The aqueous solution of the acid, either free or after neutralis- 
ation with ammonia, does not precipitate the solution of any neutral metallic salt ; but 
with basic acetate of lead, it yields white bulky Hakes. 

The acid, boiled with excess of haryta-^ivater^ yields a so-called neutral salt, 
while if the acid is in excess, an acid salt^ C^lB^BaG^ (?), is obtained. 
Both salts are amorphous, diaphanous, brittle, bitter, with an odour of quinces, very 
soluble in water and alcohol, melt between 100® and 110® C. A calcium^saltf 
C^^H^^Ca^O^ {?), obtained by boiling the acid with milk of lime, is amorphous; 
slightly yellowish : its aqueous solution has a faint odour of quinces. 

An acid potassium-mlt^ containing 6 -66 per cent, potash, is obtained by saturating the 
acid with potash, evaporating to dryness and rcdissolving in alcohol. It is amorphous, 
very soluble in water, sparingly in alcohol. The aqueous solution is bitter, and has the 
odour of quinces. This salt melts between 100® and 110® 0. (Mayer.) 
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OOWO&WSjZV. A resin contained in the tuberose or officinal jalap-root ^the 
rhizome of Convolvulus Schiedanus^ Zucc). According to May er’ s last inyestigations 
(Ann. Ch. Pharm. xcv. 161), it contains C*'H**0** or and is homologous 

with jalapin, the resin of fusiform jalap {Convolvulus orizahcnsiSy Pell). [It may 
be inferred from Mayer's experiraentl^ though the fact is not distinctly stated, that con- 
volvulin and jalapin exist together" in both kinds of jalap-root, the convolvulin being 
more abundant in the tuberose, the latter in the fusiform species.] Mayer formerly 
re«-arded it as + HO\ Kayser {Iol\ eit) as C*^IP*U^; Ijaurent as 

Convohnilin is prepared from the root of Convolvulus Schiedanus by exhausting the 
root with boiling water ; drying, and coarsely pulverising it ; then treating it thrw 
times with twice its weight of alcohol of 90 per cent. ; mixing the alcoholic extract 
with water till it begins to show turbidity ; then treating the liquid twice with animal 
charcoal ; distilling the alcohol from the filtrate ; repeatedly treating the residual pul- 
verised resin (amounting to between 10 and 15 per cent of the root) with ether ; dis- 
solving the residue in the smallest pcwsible quantity of absolute alcohol; precipitating 
with etlier; and repeating the solution and precipitation till the precipitate is quite 
free from the portion of the crude reaip which is soluble in ether. The residue ulti- 
mately obtained is pure cotivolvulin. 

Coiivolvuliii is a colourless transparent resin, which, when pulverised, yields a white 
powder like gum arabic. It is tasteless and inodorous, nearly insoluble in water, 
easily soluble in alcohol, but insoluble in other, whereby it is distinguished from 
jalapin; the alcoholic solution has a slight acid reaction. The resin melts below 
100'^ C. when moist ; but in the dry state it softens only at 141°, and melts at 160° 
to a light yellow transparent liquid; above 166° it begins to decompose. When 
heated in the air on platinum foil, it burns with a smoky flame, diffiising an odour like 
that of caramel. 

Convohmlin, dried at 160° C., contains, according to Mayer’s analysis, from 54 "21 to 
56*01 per ct?nt. carbon, and 7*89 to 8*07 hydrogen; tJic formula^ C^'Il^O*'*, requires 
54*97 C ami 7*87 H. 

Finely dividctl convolvulin dissolves in aqueous alkalis even in the cold, more 
easily when heated, and is converted into convolvulic acid. It dissolves also in acetic 
acid. Very dilute nitric acid dissolves it slowly in the cold, more readily when heated, 
})Ut with decomposition. Stronger nitric acid decomposes it immediately, with evolution 
of nitrous acid and formation of oxalic acid and ipomajic acid, an isomer of sebacic 
acid 

Coiivolvnlin dissolved in alcohol is resolved by hydrochloric acid into convolvulinolic 
acid and glucose : 

2C«H^O>® + llH'^0 = + 6C*H»0*. 

Convolvulin. Convolvulinolic Glucose. 

acid. 

Convolvulin is not affected by cold dilute sulphuidc acid ; but, when triturated with 
strong sulphuric acid, it dissolves w*ith flm^ carmine-red colour, changing after a while to 
brown ; the solution after standing for a longer time deposits a brown-black substance. 
In this reaction also, convolvulin is resolved into convolvuliuol and glucose. It is 
tJierefore a glucoside. 

Convolvulin is the active principle of jalap-resin ; it exerts a very strong purga- 
tive action, even in doses of a few grains. 

COWOiLVU&ZlirOXiXC ACXD. Convolvtdinol, 'RhodeoritinoL (Kaiser, loc, 
eit. — Mayer, loc, cit .) — This comjmund is produced, together with glucose, by tho 
action of dilute acids, or of cmulsin, on convolvulic acid. To prepare it, 30 grms. of 
convolvulic acid are dissolved in 300 grins, of water, the.- Ablution is heated to tho 
boiling point, and 20 grms. of strong sulphuric acid diluted with 200 grms. of water 
arc added to it, the boiling being continued for some time. Convolvulinolic acid tlieii 
partly separates as an oil, partly remains dissolved in tho water, and sopiiratcs in 
coloiirle.'js microscopic needles on cooling. It is inodorous, but has a harsh, .slightly 
bitter taste. It dissolves but very sparingly in pure water, more freely in acidulated 
water, very easily in alcohol, less easily in ether; it does not crystallise either from 
alcohol or from ether. It feels greasy and softens between tlic fingers, melts at 38*5^ 
or 39° C. to a yellow oily liquid, and solidifies again at 36°. The melted acid, diffused 
in water, imparts to it a peculiar odour like that of the carob bean. 

Heated on platinum foil in contact witli the air, it appears to volatilise for the most 
part without decomposition, the va|>ours having a strong cough-exciting odour like 
that of sebacic acid. Strong sulphuric acid colours convolvulinol, first yellowish, then 
amaranth-rod, like convolvulin. Strong nitricacid oxidises it to oxalic and ipomseic acids. 

Convolvulinolic acid, prepared as above, contains, according to the mean of MayeFi 
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analyses, 65-47 per cent, carbon and 10-71 liydrogcn, whence lie deduces the improbable 
formula (65*8 per cent. C, and 10*5 II). When separatcnl from its salts, how- 
ever, it has, according to Mayer, the comixisition A product having this 

composition is likewise obtain^ by heating convolvulin or convoh iilic acid with hydrate 
of sodium and a little water, ai long as hydrogen continues to escape, decomposing the 
aqueous solution of the product witli sulphuric acid, and purifying by solution in al- 
c<mol, and treatment with animal charcoal. It resemble^ l ho preceding in all its pro- 
perties, excepting that it melts^t a somewhat higher temperature (40^ — 45° C.), and 
nas a stronger acid reaction. 

Mayer applies the term. convoIvnHh<?rtd.t^ product the action of acids on 
convolvulic add, and designates as ^»n^jdT«Unolic acid the compound separated 
Ixom the convolvulinolutes, or obt^iied by dlcf. process kst described; but it is most 
probable that the two substances are merely fte same acid in different states of hydra- 
tion. All these products^fequka re^examini^on. 

The couy^lvulinolates are oomposed^j acc6'|ding to Mayer, of or 

Those of the alkali-m(^Is ai^’ ^^y soluble in water and in alcohol, 
and are obtained by treating the alcoholic sdiSion of the acid with caustic alkalis. 
Those of the alkaline-earth' metals are sparingly .soluble, and are obtained in liko 
manner. Those of most of the heavy metals are^insolublc and arc obtained by preci- 
pitation. The lead-salt is said to contain (May it.) 

COinro&VUXiAClLBB. An order of plants yielding many useful products. The 
roots of several species of Convolvulus Kwi Iponum yudd purgative resins, or gum-resins. 
Convolvulus scammomuifiy L., yields scam mo ny {q. v.). C. St'hicdmius and 6*. oriza- 
bennSf or Ipouuea orizubensis, yield jalap. C. turpi ihion, or /. turpi thum, also yields 
a purgative resin. C. batatas^ or Batatas edulisy the Spanish potato, yields edible 
tubers, resembling the common potato, but of swi^etor taste (i. 520). C. scoparius^ L., 
and C.Jloridus, L., yield one of the u'oods called rose- wood, 

CONTBRllfE. See Conhydrink (p. 1). 

COXffrXiEirS. See Addenda (p. 004). 


COFAHEXSrS or COPAXVEETB. 
COPABZEEES. 


See Cop AIDA Oil. 


COPAKfrvZC or COPAZVZC ACZB. See Copaiha Eesins. 


COPAZBA SAESAIMC. See Balsams (i. 102). 


COPAZBA OZXi. Essincc de Copahu. (Bonu.stre [1825], .T. Pharm. xi. 520, — 
Ader, J. Pharm. xv. 95. — Gerber, Br. Areh. xx-x. 157.— Blancliet, Ann. Ch. Pharm. 
vii. 156.- Soubeiran and Cupitaine, .1. Pharm. xxvi. 70. — Gin. xiv. 28G.)--Tho 
volatile oil contained in balsam of copaiba. Jt belongs to the camphenes, C"*!!'®, op 
Copaiba balsam is a mixture of this oil witli resins, the proportion of the oil 
varying from 30 to 60 per cent, in balsams from different localities. 

The oil is obtained by distilling the balsam with water, and may be purifi<*d by 
drying over chloride of calcium and rectifying. To obtain the whole of the oil, the 
distillation with water must be repeated six or eight times (Soubeiran and 
Capital no). According to Ader, the oil may be .separated by agitating 100 pts. of 
the balsam with an efpial quantity of alcohol of specific gi-avity ()-8.36, tlion adding 
37^ pts. of soda-ley of specific gravity i ;33, and diluting the whole w ith 150 pts. of 
water. The oil then gradually rises to tlie surface. 

Ihire oil of copaiba is transparent, colourless, or yellowish-green, mobile, and has an 
aromatic odour like that of the balsam; that obtained by Ader’s method is said to 
liave a more disagreeable odour ; the taste is sharp and persistently bitter. Specific 
gravity 0-881 — 0'91, increasing to 0*96 on exposure to the air. Boiling-point 245® — 
260® ( 5 . Optical rotatory power = 34*18® to the left. Expansion from 0° to 100® C. 
= 0*083132; from 100® to 200® = 0*104034 (Aubergicr, J. Pharm. xvii. 278), 
The oil is neutral. It solidifies, partly crystalline, at — 26® C. Oil of copaiba dissolves 
in 2| pts. of absolute alcohol, and in 26—30 pts. of alcohol of specific gravity 0*85. 
(According to Stoltze, it dissolves in all poportions in alcohol of this strength.) With 
sulphide of carbon and anhydrous ether, it mixes in all proportions, but not with more 
than half its weight of common ether. It dissolves sulphur and phosphorus with aid 
of heat. It likewise dissolves glacial acetic acid and hydrocyanic acid, and mixes with 
alcoholic succinic and hensoic acids ; also with solution of oxalic acid, but not with 
fUric acid. It absorbs ammonia, becoming milk-white and viscid. (Gerber.) 
Copaiba oil becomes brown and viscid by continued boiling. CMorine in sunshine 
makes it hot> colours it yellowish blue, and then green, and separates white crystalline 
masses (Blanchot). Iodine, slowly added to the oil, dissolves without detonation 
(Blanche t), forming a reddish-yellow, oi*brown-black liquid : if it be added more quickly, 
heating and frothing take place, and a brown ma.ss is formed (Gerber). It detonates 
with fuming nitric acid, leaving a brown resin. With nitric acid of specific gravity 
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l- 32 ,ft resinides only when heated (Blanchet). According to Sonastre, it assames 
a violet tint at the beginning of the action. Weaker nitric acid forms with the. 
oil a small quantity of yellow resin, precipitable by water (Gerber). Oil of vitriol 
makes it hot and turns it red-brown (Stoltze). With a few drops of oil of vitriol 
it becomes hot and blacker ; but when dropped into a larger quantity of oil of vitriol, 
it forms tt rcd-bro\^Ti solution of snlphoterebic acid. (Gerhardt, Compt. rend. xvii. 
314.) . . 

With hytb'orhlorie copaiba oil forms a solid and a liquid compound. The oil, 
shaken up with aqueous^ potash or becomes heated, acquires a brown colour, and 

yields to water a small quantity ofs^esi% which <^e« ]|ot jpre-cxist in the oil, but is 
produced from it by the action of the ifflCaJi (6l:^pbery 24 pts. water 

and 8 pts. chlorido of liine,''ifc girea pj0r carbohie\^cid and forms chloroform. Dis- 
tilled with hf/pobromite ofpotassium^ it%ms bromoforto^ (Chautard, Compt. rend, 
xxxiv. 485.) 

o. Jly dr 0 chlorate of Cop aktn&^ Oopa iven e. Il^droclilorait of Copaiba oil. 
Camphre de Copalm. C'“fI'^12nCl.-^Thii& is ibe solid hydroclilorate ; it is prepared 
by pns.sing dry hydrochloric acid gas through dehydrated oil of copaiba, separating 
the crystalline mass, which i.s deposited therefrom on cooling, from the brown oil, 
l»rcssing it between lillering paper, mixing its solution in ether with alcohol of specific 
gravity 0*85, and vvasliing with alcohol the crystalline muss whicli .separates.’ 
(1i lane hot.) 

irydroehlorate of eop.aliene forms short, transparent, right reetanpdar prisms (re- ‘ 
sriTililing clilorato of iiotassinin, according to Dlanchet), wliicli melt at 77^0. (Soubei- 
ran and Capituinc). They ar<‘ inodorous (lllanchct, Soubeiran and Oapitainc) ; ‘ 
have a faint caMipliorous odour, and an aromatic bitter taste. (Gerber.) 

d'lio hydroelilorate, heatetl to 1 10*^—150° C., gives otfa. large quantity of hydrochloric 
avid gas (Soulxdran aiul Capitainc). When set on fire, it burns wi'tli a brigiit 
flame (^G(irbor). JSUrlo avid,^ heated 'with it, is said to give off nitrogen gas (13 lan- 
cljct). Oil of vitriol^ with aid of heat, dis.solve.s it, and depo.sits it again in the crys- 
tdlim* form on cooling ; at a stronger heat, the. solution gives olf hydrochloric neidgas. 
lltMtcd with sulphide of lead, it yields an oil ijaviug an alliaceous odour. Ifis alcoholic 
st>luHo)i is ])reci{)ifatc(l by ndratf of siltur or mercurous vi/rair, (Tllunchet.) 

It is insoluble in water and in cold alcohol, sparingly soluble in hot al(?ohol, easily 
s\)1ul)]e in ether (lilanchet). The alcoholic .solution loav'os when evaporated a thick 
oil, M'liich smells like balsam of eopailia, and appears to hold in solution undoconiposcd 
(liliydroclilorato of copaiba oil. (So u h ci ra n and Capi ta. i n e.) * 

Jb/drocldoralc of Copnhilen(',-^ThU is the liquid portion of tlie t)rodiict obt.'iined byi 
treating copaiba oil with bydrocliloric acid. It always corjtaiiis in solution a portion 
of the solid comi>ound, whicli cannot be separated from it (Soubeiran and Gapi- 
taine). It is a black, viscid oil, smelling like eastorcum, and without action on 
jwlariHed light (Soui.'eiraii and Oapitainc). When distilled, it gives ofi‘ hydro-; 
chloric acid gas, and yields a colourless oil, which is a solution of hydrochJorato of 
copahene (Soubeiran and Oapitainc). It burns with a faint odour of hydro-, 
chloric acid. It gives up a portion of its hydrochloric acid when shaken up with watiT. , 
It is soluble in alcohol and ether. (Gerber.) 

Para-copaiba Oil. (Soubeiran and Capitainc [1840]. J. Pharm. xxvi. 70. — 
Posselt, Ann. Pharm. Ixix. G7.) — This oil occurs in a variety of copaiba balsam fi*om 
Brsizil. It is separated by distilling with water, and the oil is dehy drated with chloride 
of calcium (Posselt). It is a f iM>i;^jvirent, colourles.s, viscid oil, of specific gravity 
0*91 (0-898 according to Soubeira?' and Capitaine), boiling at 250^^ 0. It smells like 
the balsam, and has a sharp burning taste (Posselt). liotatory power 28*563“ to 
the left (8oubeira 11 and Capitaiie). It dissolves in all proportions in ether, less 
easily in absolute alcohol, still less in common alcohol. 

The oil becomes yellowish when boiled, afterwards brown, thick, tennoions, and 
charred (Posselt). Chlorine conveids it, wdth evolution of hydrocldoric acid, into a 
yellow sticky mass. The oil dissolves iodine without detonation. With fumivq nitric 
arid, it detonates even in the cold ; but nitric acid of specific gravity 1*32 resinises it 
only with aid of heat. Dilute nitric acid, heated with the oil, dissolves it completely' 
after a few days, giving off nitrou.s acid, carbonic acid, and other volatile acid.s. Prom 
the solution of tlie oil in nitric acid, water throws down, after evaporation, a reddish* 
yellow acid resin, sparingly soluble in hot water, easily soluble in alcohol and ether^ 
whilst a peculiar acid remains dissolved, which, w'hon the solution is concentrated by * 
o^•apo^ation, crystallises in slender, colourless, transparent laminnc, casil}* soluble in* 
"ifrater, alcohol, ether, and rock-oil, inodorous, having a bitter taste, and a .slight acid • 
reaction (Posselt)., The oil absorbs hqJrochloric acid gas with avidity, turning > 
brown-red and fuming in the, aii*, but not depositing any crystals on cooling, . 

VoL. II. 0 
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- coy S, (Schweizer, Pogc. Ann. xvn, 7S4; xxi. 172.— Rose^ 
zxxiii. 83, — Hess, Ann/ Ch. ^^harm. xxix. 140. — Fehling, iUd, xL 110.— 
jj^OBselt^ Ixix. 67.) — Copaiba balsam contains several resins which remain be- 
after th^ distillation of the volatile oil ; certain samples of this balsam have been 
fc^d to contain peculiar resins. 

The resins obtained from ordinary copaiba balsam may be separated into a cxystal- 
lisable resin called copaivic acid (the a-resin of Berzelius), and an uncrjrstallisable 
^-resin. The latter, which forms but a small proportion of the whole, remains behind, 
when the entire mass of resin is treated with cold rock-oil, as a brown unctuous mass, 
easily soluble in alcohol or ether. 

Copaivic Acid. Copahurjic acid, a~resin of Berzelius. or C^*//**0*. — 

This crystallisable resin exists in copaiba balsam to an amount varying from 20 to 66 
per cent. It is the constituent which determines the hardening of the balsam 
by magnesia, an effect which, however, does not take place if the proportion of 
copaivic acid is below 50 per cent. (Procter). According to Schweizer, the acid may 
be prepared by dissolving the entire mass of resins obtained from copaiba balsam in 
aq^ueous ammonia, and leaving the solution to evaporate in a cool place. C^stals 
then separate which may bo obtained pure by washing with ether and recrystallisation 
from alcohol. Or the resinous mass is heated with cold rock-oil, the solution left to 
evaporate, the residue dissolved in alcohol, and the copaivic acid left to crystallise by 
/Spontaneous evaporation. Or the entire mass is dissolved in alcohol, and the solution 
left to evaporate. 

Copaivic acid forms colourless rhombic crystals, soluble in strong alcohol ; the solu- 
tion reddens litmus. It dissolves easily in ether, in oils both fixed and volatile, and in 
sulphide of carbon. It is dccomjwsed by heating. 

The acid dissolves in aqueous fixed alkalis and in ammonia. The alcoholic solution 
mixes without decomposition with alcoholic potash or with strong aqueous potash ; 
but, on adding a larger quantity of water, a precipitate is formed. 

Copaivic acid appears to be monobasic. The calcium-salt^ Ca"(C*®H”0*)*, is a white 
precipitate, which separates on mixing an alcoholic solution of the resin containing 
a little ammonia with alcoholic chloride of calcium, and then adding water. Co- 
faivaU of lead, Pb''(C*'*H*®0*)*, is obtained by mixing the alcoholic solutions of the resin 
and acetate of lead, as a white, fusible, slightly crystalline precij>itate. Copaivaie of 
silver, C"H*®AgO*, separates, on mixing the solution or the resin with an alcoholic 
solution of niirate of silver mixed with a little ammonia, as a white crystalline precl- 
dpitatc, sparingly soluble in alcohol, easily soluble in ammonia, easily fusible, and 
turning brown on exposure to light. 

OxYCOPAivio Acid. C“H''®0*, or This acid resin was found by 

Fehling in a sediment deposited from a turbid copaiba balsam from Para. By solu- 
tion in alcohol and slow evaporation, it is obtained in colourless regular crystals, whose 
primary form is a rhombic prism having the acute summits truncated. It becomes 
strongly electric by friction ; dissolves readily in ether, less readily in alcohol ; melts 
at about 120® C. When the solution of the resin in ether and alcohol is quickly eva- 
porated in aflat dish, and stirred at the same time, a hydrated resin, 
or C^H^^0^.2HO, sometimes separates as an amorphous powder; it has the same com- 
position as the oxysilvic acid described by Hess, but differs from it in properties. 
This hydrated resin softens in boiling water ; it forms with bases the same salts as the 
anhydrous resin, 

Oxycopaivic acid, heated with nitric acid, gives off carbonic and nitrous acids, and 
yields two products, a resin and a new acid. The resin, said to be C**if”0**, is light 
yellow, has a strong and disagreeably bitter taste, and unites with bases. The acid 
18 free from nitrogen, of brownish colour, deliquescent, very soluble in water and in 
alcohol, easily decomposes carbonates, forms soluble salts with the alkalis, a sparingly 
soluble salt with baiyta, insulublo salts with luid, mercury, and silver ; the lead-salt 
has the composition 2Pb"O.C“H“‘0. 

When oxycopaivic acid is evaporated to dryness with nitric acid, there remains a 
pitchy mass, pirt of which dissolves in alcohol, leaving a humoidal substance having 
the composition C‘‘H“0*. 

Oxycopai vat es. — Oxycopaivic acid dissolved in alcohol exhibits an acid reaction. 
Tlie oxycopaivates of the tUkali-metals are soluble in water; the ammoniacal solution 
gives off all its ammonia by evaporation. The lead-salt, or Pb"0. 

is obtained as a white precipitate on mixing the alcoholic solution of the 
resin containing a little ammonia with an alcoholic solution of. acetate of lead. The 
silver-salt, C‘^®H*’AgO*, or AgO.O^H^^O^, separates us a white amorphous precipittite 
on mixing a solution of the acid in aqueous ammonia with excess of nitrate of silver. 

^.CXD CoPAiBA-RHSiN.— -This resin was foundby Martin and Vigno(J.Pharm.^ 
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1842, p. 52), in a crystalline deposit of copaiba balsam, which dissolved in hot alcoholf 
but separated out again for the most part as the laolution cooled. As it has not been 
further investigated, its identity or non-identity with one of the resins previously de* 
scribed, must for the present remain undecided. f 

From clear copaiba balsam, Martin and Vigne prepared a resin different from th^'- 
crystalline substance. 

Indiffeurnt Copai ba-rrsins.— Whether the jS-resin (p. 18) belongs to this 
group is doubtful, inasmuch as it is said to dissolve in alkalis. 

In a very fluid copaiba balsam of peculiar constitution, Posselt found, besides para- 
copaiba oil, two indifferent amorjdious resins, the first of which (cont-aining GO’Spercent. 
carbon, 8*3 liydrogen, and 31*1 oxygen) was soluble in weak boiling alcohol ; the second 
(containing 82 0 carbon, 10 '5 hydrogen, and 7*5 oxygen) dissolved sparingly in boiling 
absolute alcoliol, separated out for the most part on cooling, and was insoluble in dilute 
alcoliol, Neitlier of these resins combines with alkalis, (llandw. d. Cliem. ii. [3] 799.) 

COPilZVZSNB. Tlie campliene contained in the crystallised hydrochlorate of 
copaiba oil ; it has not yet boon isolated (p. 16). 

COPAZVIC ACZ3>. See Copaiba Eksins. 

COPAZVZBSWS or COPAZWZi. Syn. witlbCoPAlYRNE. 

COPAZi. A valuable resin of wliicli the best coach -varnish is made. It exudes 
ppontanconsly fmm scveml trees, namely, the Tihiis co-jmllhia, a torebinthaceoiis tree, 
native of North America, the ICUnocarpii^ copalifcr, which grows in tho East Indies, 
and the Hpucruea verrucostr, which grows chiefly in Madiigascar. Frencli writers 
likewise give the imme copal to the resin of tlie Hynuntea Courbaril^ growing in Brazil 
and the West Indies; but in England and Germany this resin is called animk (see 
vol. i. p. 296). Tljcre is altogether a considerable amomit of discrepancy in the state- 
ments respecting tlie trees which furnish copal. 

Copal generally occurs in flat pieces, ix^ugh on the outside, and of various shapes and 
sizes. Its physical properties vary to a certain extent according to its origin ; but the 
liim{)s are, for tho most part, opaque on tho outside, transparent internally, of yellowish 
to yellowish-brown colour, soiiietiines nearly colourless ; turbid and translucent lumps 
also occur; iiiseels and parts of plants ar<i not unfreqiumtly enclosed within tho resin, 
("opal is liard ; it has a very lustrous eonehoidal fractiu'o, is easily pulverised, docs 
not cake together even when phowed, but becomes rather soft at 50° C. The specific 
gravity of copal varies from 1*045 to M39 according to its origin, and perhaps also 
according to its age. 

The solubility of copal in different liquids varies also with its origin, American 
copal being much less soluble in alcohol, oil of iurjMntine, and oil of rosemary, than 
East Indian or African copal. By exposure to the air, esiH'cially when pulverised and 
placed in a liot air-chamber, it absorbs oxygen, and tlnui Ix'comcs more soluble in 
alcohol and in oil of turpentine. Tlie solubility is also increased by molting the copal 
at the lowest pos.sible temponiture ; but American copal is more difficult to fuse than 
the other varieties, and sometimes remains so insoluble as to bo quite useless for 
making varnishes. Anhydrous copal in the natural state is but very sparingly soluble, 
but swells up to a tougli clastic substance when boiled. In pure ether, copal swells 
up to a transparent jelly, and afterwards clianges to a syrupy mass. If tliis mass bo 
heated to commencing ebullition, and alcohol of specific gravity 0*82 be added in 
successive small quantities, a clear solution is obtained ; but if tlie alcohol be added 
cold or all at once, tho mass coagulates and doe.s not dissolve. Copal is but partially 
soluble in sulphide of carbon, but oil of caovtchmic iiiBiiolxen it easily, even in the cold. 

Copal dissolves in strong sulphuric and nitric aads, but is decomposed by those acids 
if only slightly boated. 

The statements respecting the solubility of copal in caustic alkalis vary considerably, 
doubtless because the experiments have been made upon different varieties. Accord- 
ing to Filhol, neither ammonia nor potash dissolves it in the cold ; but if the liquid is 
heated to the boiling point, the resin coagulates and floats on the surface in the form 
of a spongy mass, which does not dissolve, even after several hours’ boiling, — because 
the compound of the resin with the alkali, though soluble in pure water, is quite 
insoluble in water containing excess of alkali. 

The following analyses of various kinds of copal have been made by Filhol ; 


Copal from 
Calcutta, in 
tears. 

Copal from Calcutta, in 

Copal from 

Copal from 

very white, flat luinpa. 



Bonibny. 

Madagascar, 

80-66 

80-34 

80-29 

79-70 

79-80 

8-77 

10-32 

10-52 

10-40 

9-42 

10-57 

9-14 

9-14 

9-90 

10-78 

100-00 

100-00 

100*00 

100-00 

100-00 


c % 


Carbon . 
Hydrogen 
Oxygen . 



GOPAL VABWISH. 

Filhol lias olitained from East Indian copal, five distinct resins, some of which 
howevet pass into others by oxidation, so that they may be regarded as different 
oxides of the same radicle ; viz. : 

fk-rcsln: Soft, fusible at the heat of the water bath; soluble in alcohol of 72 per 
cent., also in other, and in oil of turpentine; forms, with bases, resinates soluble in 
ether, but (excepting the potassium -salt) insoluble in alcohol. 

^-roain: Soft, fusible below 100® C. ; soluble in all proportions in alcohol, ether 
and oil of turpentine ; forms resinates soluble in ether, insoluble in absolute alcohol. 

y^reain: White, soluble in absolute alcohol and in ether; less fusible than the 
precetling ; forms resinates insoluble iu alcohol and ether. 

8-rcszw: White, insoluble in alcohol and other, soluble in alcoholic potash; very 
difficult to fuse. 

M-reain: Gelatinous; insoluble in all menstrua, 

. These resins yielded by analysis ; 


o-rcain 

jS-resin 

7 -rcsin 

c-resin 


Carbon. 

77-76 to 76-91 
70*04 — 76-85 

80- 53 — 80-70 

81- 10 — 81-G8 


Hydrogen. 
10-12 to 10-24 
10-03 — 10-86 
10-43 — 10-66 
10-64 — 10-43 


The lead-salts formed from the first two yielded : 


Oxide of lead . . 26*17 to 26-32 


25 to 28 


Those analyses were perhaps not made with definite substiinces. The quantities of 
lead-oxide found in the resinates are nearly the same as in the lead-salts obtained from 
the tiirpeiitine-resins (see Tuupentine) ; hence it is probable that the resinous con- 
stitueuts of copal are similar in composition to the rosins of turpentine. (Gerh. iii, 
669 ; Handw. d. Chem. ii. [3] 202.) 

C09A]« VARVXSB. Copal may be dissolved by digestion in linseed oil, ren- 
dered drying by quicklime, with a heat very little less tlmn sufficient to boil or decom- 
pose the oil. This solution, diluted with oil of turpentine, forms a beautiful trans- 
pareuji varnish, which, when properly applied, and slowly dried, is very hard and 
durable. This varnish is applied to snuff-boxes, tea-boards, and other utensils. It 
preserves and gives lustre to paintings, and greatly restores the decayed colours of 
^Id pictures, by filling up the cracks, and rendering tho surfaces capable of reflecting 
light more uniformly, 

Mr. Sheldrake has found, that camphor has a powerful action on copal ; for if pow- 
dered copal be triturated with a little camphor, it softens, and becomes a coherent 
mass ; and camphor, added either to alcohol or oil of turpentine, renders it a solvent 
of copal. Half an ounce of camphor is sufficient for a quart of oil of turpentine, which 
should be of the best quality ; and the copal, about the quantity of a large walnut, should 
be broken into very small pieces, but not reduced to a fine powder. The mixture should 
be sot on a fire so brisk as to make the mixture boil almost immediately ; and the vessel 
should be of tin or other metal, strong, shaped like a wine-bottle with a long neck, 
and capable of holding two quarts. The mouth is stopped with a cork, in which a 
notch is cut to prevent the vessel from bursting. It is probably owing to tho quan- 
tity of camphor it contains, that oil of lavender is a solvent of copal. Camphor and 
alcohol dissolve copal still more readily than camphor and oil of turpentine. 

In the 61st volume of Tilloch’s Magazine, Mr. Cornelius Varley states, that a good 
varnish may be made by pouring upon the ppest lumps of copal, reduced to a fine 
mass in a mortar, colourless spirits of turpentine, to about one-thi^ higher than the 
copal, and triturating the mixture occasionally in the course of tho day. Next morning 
it may bo poured off into a bottle for use. Successive portions of oil of turpentine 
may thus be v®i*hed with the same copal mass. Camphorated oil of turpentine, and 
oil of spike-lavender, are also recommended as separate solvents, without trituration. 
The latter, however, though very good for drawings or printa, will not do for varnish; 
ing pictures, as it dissolves the paint underneath, and runs down while drvii^. 

Fat vaMaK — Take copal 16 parts, linseed or poppy oil made drying witii litharge 8, 
oil of ttirpentine 16. Melt the copal in a matrass, by exposing it to a moderate heat ; 
pour then upon it the boiling-hot oil; stir the mixti^ and when the temperature 
has fallen to about 200® F. add the oil of turpentine heated. Strain tho whole 
immediately through linen cloth, and keep the varnish in a ^de-mouthed bottle. 
It becomes very clear in a little while, and is almost colowless when well made. 
This vamish is applied on coaches, also generally on polished iron, brass; copper, and 
wood.— XJ. 



COP ALIN- COPPER. 21 

Fossil copdl^ HiglMate re»in,-^A fossil resin found in roundish 
lumps in the blue clay of Higligate Ifill. It resembles copal resin in hardness, colour, 
lustre, and transparency, and is likewise but sparingly soluble in alcohol Sp. gr. 
1*010 (Johnston), I’Ofi (Bastick). It emits a resinous odour when broken, volati- 
lises in the air at a gentle heat, and bums easily with yellow flame and much smoke. 
Sulphuric acid dissolves it with purple-brown colour. Nitric acid converts it into an 
acid resin, which is precipitated by water as a yellow powder, forms soluble salts with 
the alkali-metals, insoluble with all the rest. According to Johnston’s analysis 
(Phil. Mag. [8] xiv. 87), it contains 85*4 per cent, carbon, and 11*8 hydrogen, 27 
oxygen, and 0’13 ash, whence may be deduced the formula or 

(Johnston, from the old atomic weight of carbon, C = 6'12, calculated the formula 
(F>IP^O,) 

Konngott obtained from India a resin which agreed with the Higligate resin in 
properties, and had a specific gravity of 1*053 ; it contained fragments of Alpine plants 
and insects. An analysis by Duflos showed it to contain 85*73 per cent carbon, 11*50 
hydrogen, and 2*77 oxygen. 

Another resin, resembling the preceding in external appearance, occurs in the foim 
of flattened drops or coatings on calcspar, on tlie walls of a dyke of trap at the eld 
lead ’nine in Northumberland called SHUhig Stones, It has a pnle yellow to deep 
red colour, with pale green opalescence. Sp. gr. 1*16 — 1*54 ; hard, but brittle ; does 
not melt at 400^ F., but burns in tlie flame of a candle with enipyreumatic odour. It 
is insoluble in water, and nearly insoluble in alcohol. It contains 85*13 per cent, 
carbon, 10*85 hydrogen, and 3*26 ash = 99*24, numbers agreeing nearly with thei’ 
formula CHI‘. (Dana, ii. 267.) 

COPXAPZTEt Ytllem Copperas. — A hydrated basic ferric sulphate, 2Fe’'0’.5S0*’ 
+ Sir-'O, occurring in the district of Copiapo in the province of Coqiiinibo, in northern 
Chili, in six-sided tables and grains, which cleave readily parallel to the base. Also 
fibrous and incnisting. It is translucent, with yellow colour and vitreous lustre. 
Several other basic ferric siil[»hates are also found native, viz. Stypticits and Fibro^ 
ferrite from Chili, IHtticitc from Fnhhin in Sweden, and Misy found near Geslor in 
the ITarz ; they are formed by the weathering of iron pjTitos, and arc probably not 
definite compounds. (See Sulphates.) 

COPPER. Synonymes : Kupfer^ Cuivre, Cnjmim, Venus. Symbol, Cu. Atomic 
weight, 63*4. 

Copper bas boon known from the earliest times, tund appears to hare been us('d for 
weapons, tools, and agricultural implenients much earlier than iron. It was indei^d 
much more likely to attract the attention of primitive nations than iron, as it is found 
naturally in the metallic state, is malleable and ductile immediately after fusion, and 
acquires considerable hardness when mixed with otlier metals. Isidorua, who wrote 
at the beginning of the seventh centui^, says : “ Apud antiquos prion* a'ris quarn ferri 
eognitus usus, lere quippo primi proscindebant terrain, lere eerlaniina belli oerobant.” 
The Romans, who obtained it from the island of Cyprus, called it (cs cyprium, a term 
afterwards shortened into cypriuw, w*hieh ultimately beeamo enprurn. The Greeks 
called it Chalcis in Eulxea, another locality w'heiicc it was ol)tained. 

Both the Greek and the Roman <rs appear, however, to liavc been usei] indif- 

ferently for copper, bronze, and brass. IMiny uses the w'ord res in both senses, as 
apj^ars from the following passages: “A'ls fit a lapidc leroso qiieni voeant eadmiam,” 
which probably refers io brass ; and again, “ Fit et ex alio lapiih* qiiem chaleiiem voeant 
in Cypro, ubi priraa fuit aeris inventio,” where ces appears to signify copper. 

Occurrence, — Copper occui*s very abundantly and in a great variety of forms. It is 
found in the metallic state ,* also as oxide, chloride, carbonate, phospliato, sulpha+e, 
silicate, arsenate, and vanadate; as sulphide, sometimes alone, but more frequently in 
combination with the sulphides of other metals, as in copper-pyrites, puqile copper, 
and the several varieties of fahl-ore. It is found to the amount of 0*1 to 0*2 per cent, 
in many specimens of meteoric iron. According to Walchnor (Cornpt rend, xxiii. 
12), copper is as widely distributed in nature as iron, though less alaindantly, small • 
quantities of it being invariably found in iron-ores, in soils, and in ferruginous mineral, 
waters. It has also been found in sea-weed (Malaguti, Dur ocher and Sarzeau, 
Ann Ch. Phys. [3] xxviii. 129), a fact which proves its existence in seu-water, — in the 
blood of various Ascidia and Cephalopoda (Harless, Chem. Gaz. 1848, p. 214), in the 
blue blood of Limvlus Cyclops (Genth, Pogg. Ann. xcv. 60), and in vciy minute 
quantity in the bodies of animals of higher organisation , (Jahresb. d. Chem. 1847-8^ 
pp. 871, 874; 1849, p. 530). According to Odling and Dupre (Guy’s Hospital Re- 
ports, Oet* 1858), small quantities of copper are constantly found in flour, straw, hay,, 
meat, eggs, cheese, and other articles of food; in the animal organism, it exists m 
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proportionally large quantity in tlie liver and tho kidneys, while the blood contnins 
onW traces of it 

Of the various copper minerals above enumerated, a few only can be regarded as 
ores of copper, that is to say, as minerals from which the metal can be profitably 
extracted. 

1. Native copper. — Metallic copper is not unfrequently found in copper ores, oo 
curring in isolated particles, thin laminae, dendritic pieces, and sometimes in solid blocks^ 
Pieces of ore are sometimes found consisting of a nucleus of metallic copper coated 
successively with red oxide and with carbonate of copper. Large masses of native 
copper have been found on tho coast of Lake Superior near Kewenaw Point, in veins 
that intersect the trap and sandstone. Dr. Percy states, on the authority of Professor 
Brush of Yale College (U. S.), tluit in 1858, 6000 tons of copper were procui*ed from- 
these deposits; one mass found at Minnesota, weighed 600 tons. Another mass 
thrown down in 1853 at the North American mine, was 40 feet long, and weighed 200 
tons. Native copper is found also in Siberia ; in the island of Nalsoe, one of the Faroe 
group ; in many of the Cornish mines; near Ilarlcch, North Wales ; and in Brazil, Chili, 
and Peru. The North American native copper contains about per cent, of silver, for 
the most palt intimately mixed with it, but sometimes in visible grains, lumps, or 
threads jlie Chili copper also contains silver, sometimes to the amount of 7 or 8 per 
cent. 

2. Oxides. — Tho red oxide, Cu^O, is found in Cornish, South American, and 
especially in Australian ores. A large vein of it w is worked at Chessy in Franco, 
but it is now nearly exhausted. When pure it contains 8878 per cent, of copper. 

The hlach oxide, CuO, occurs at Kewenaw Point, Luke Superior, forming a vein in 
conglomerate, from which about 40,000 lbs. of ore have been extracted; but it is now 
exhausted. Tlio pure oxide contains 79-82 per cent, copper. 

3. Carbonates. — Tho green carbonate or malachite, (Cu'')*CO^ + H*0,or CuO.CO’ 
+ CuO.H*0, occurs abundantly in many localities, especially in Siberia and in South 
Australia : the pure mineral contains 67*33 per cent, of copper. The hhie carbonate ov 
Asurite, Cu’H*C*0*, or 2(CuO.CO‘^) + CuO.H’^0, is found in considerable quantity at 
Chessy, near Lyons, and has been imported from South Australia in admixture with 
the green carbonate, Wlion pure it contains 66’IG per cent, of copper. 

4. Sulphides . — Vitreous or greg Sulphide of 6V)pprr, Cu-S, occurs frequently in 
Cornwall. It contains 7979 por cent, copper, but is generally associated with iron 
to the amount of 0*5 to 3*33 per cent. 

Purple copper. — This term is applied to several minerals consisting of cuprous and 
ferric sulphides, combined or mixed in various proportions. Kammelsbei^ divides 
them into three classes, the first comprising ores containing 60 to 68 per cent, of cop- 
per, the second 60 to 64 per cent,, and the third 70 per cent. They form valuable 
ores, and are abundant in Cornwall, Sweden, and many parts of North America. Tho 
mineral 3Cu*S.Fe’'S* occurs disseminated in tho cupriferous shale of the Mansfeld 
district of Prussian Saxony, and in Pennsylvania. 

• Copper pyrites or Yellow copper ore, (Cu‘^)"{Fe'^)''^S* or Cu*S.Fe'S*. — Copper 34'8per 
cent. This is the most abundant ore of copper, and is found in large quantities in 
Cornwall and Devonshire, at Fahlun and Atvidaberg in Sweden, in Cuba, South 
America, and many parts of the United Sbites. The Cornisli mines yield annually 
from 160,000 to 160,000 tons of this ore, from which 10,000 to 12,000 tons of pure 
copper are smelted : the Cornish ore is imbedded in quartz ; that of Sweden in gneiss. 

Fahl’Ore, or True Grey copper This term includes a considerable number of 
minerals consisting of protosulphide of copper combined with the sulphides of anti- 
mony and arsenic, the copper being more or less replaced by iron, zinc, silver, and mer- 
cury. The copper varies from 30 to 48 per cent., according to the foreign metals 
present ; the mercury varies from 2 to 16 per cent, Fahl-ores not containing silver 
are the richest in copper, containing 48 per cent. ; in the most highly argentiferous 
ores, on the other hand, some of which contain 31 per cent, silver, the proportion of 
copper may be as low as 16 per cent. — Bournonite is a sulphantimonite of copper and 
lead, containing 417 per cent. Pb, and 127 per cent, Cu, sometimes with a smaU quan- 
tity of iron. These ores occur in numerous localities, and often very abundantly. 

Atacamite, the native oxychloride of copper from Peru and Chili, and chrysocolla, 
the native silicate found associated with other copper ores in various localities, are 
likewise used for the extraction of the metal 

The sulphuretted ores of copper are found in veins traversing the ancient rocks. 
Kear these primitive veins are often found beds of copper ores, evidently arising from 
decomposition of the mineral in the vein by the action of water. The first change 
bonsists in the conversion of tho sulphide of copper into sulphate by the oxidating action 
of die air contained in the water ; the sulphate then dissolves, and is carried away by 
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the water; and when thie cupreoTUi solution filters through beds of carbonate of calcium, 
or remains in the cavities of such' calcareous beds, double decomposition takes place, 
resulting in the formation of sulphate of calcium, which is can'ied away hy tlie 
water and carbonate of copper, which is deposited. If this reaction takes place at 
a high temperature, oxide of copper is dejxisited, instead of carbonate; and, if or* 
ganic substances are present, tlio copper may be reduced to sulphide or red oxide, or 
even to the metallic state. This reaction may explain the occurrence of beds of car- 
bonate and oxide of copper so frequently found in the neiglibourhood of veins of 
copper pyrites, and of the small crystals of sulphide of copper, which are found dis- 
seminated through certain bituminous scliists, as in the Mansfeld district of Prussian 
Saxony. 

Pj'cjiaratmi of Mitallic Cvj^per. 

The proceases of copper-smelting vary greatly according to the nature of the ore. 
The treatment of the oxides and carbonates of copper is comparatively simple, the 
reduction being effected by melting the ore in contact with charcoal, or other car- 
bonaceous matter, and a siliceous flux. The oxido of copper has, however, a strong 
tendency to unite with the silica, forming a highly cupriferous slag. To prevent the 
loss thence arising, it is necessary either to add a strong base, with which the silica 
may unite in preference to the oxide of copper, or else a quantity of copper pyrites, 
iron pyrites, or other sulphuretted ore, the sulphur in which may combine with the 
oxygen, and reduce the copi>er to the metallic state, thereby preventing it from form- 
ing a silicate. The first method is adopted at Chessy, where copper ores, consisting 
cf malachite, azuritc, and red oxide, mixed with clay, hydrated oxido of iron, and cala* 
mine, are smelted with coke and lime. The second method is practised at the copper 
works in the Ural, where a mixture of copper ores, consisting of native copper im- 
bedded in quarts and magnetic iron ore, mdachite, red and black oxido of copper, &c., 
and copper pyrites, is smelted in blast furnaces fed witli wood. The metal obtained 
by these operations is an impure copper, called b/nck copper (Schwar^hipfer^ miivrs 
n(nr)f which is purified or refined by processes to be liereafter described. 

Sulphuretted copper ores require a much more complicated treatment, depending 
mainly on the fact that copper has a greater affinity for sulphur, and a less affinity for 
oxygen, than iron and the other metals with which it is associated. They are first 
roasiedy to convert a considerable portion of the sulphides into oxides ; then the 
roasted ore is melted, either in reverberatory or in blast furnaces, with addition of 
slag and other fluxes, if the ore docs not already contain a sufficient proj)ortion of 
silicates. During this operation, the oxide of cop})er formed in the roasting is recon- 
verted into sulphide, while the iron which remained in tlie roasted ore as sulphide, 
passes to the state of oxide. A slag is then formed, containing the greater part of the 
iron in the ore, and a sulpliide of iron and copper (coarse metaly Itohsteiny matte 
cuivreuse)y containing the greater part of the sulpliide of copper in the ore, and a much 
smaller proportion of sulphide of iron. The coarse metal, which may be described us 
a concentrated copper ore, is now again roasted or calcined, and the roasted pro- 
duct is again fused with the slags of other operations, frequently also with addition of 
oxidised copper ores, when such are available. Thi.s operation yields a second slag, 
containing a larger proportion of iron, and a second regulus containing a still larger 
proportion of sulpbide of copper than the first : and by repeating these calcining and 
melting operations, a certain number of times, varying according to the nature of the 
ore and the construction of the furnace.s, a regulus is at length obtained, consisting 
almost wholly of sulphide of copper. Kow when this compound is roasted, with free 
access of air, the first result is to oxidise both the sulphur and the copper, the sulphur 
mainly going oflT as sulphurous acid, so that afl^r a while there remains a mixture of 
sulphide and oxide of copper, which compcninds, at a certain temperature, decompose 
each other in such a manner as to yield sulphurous acid and metallic copper (e.g, 
CnS + 2CuO = SO^ + Cu*). The product of the operation is a regulus of metallic 
copper, vaiying considerably in purity according to the particular series of operations to 
which it has been subjected, and known as coarse coppety blister coppery Schwarzkupfwy 
imivre noiry &c. This impure metal is lastly subjeett'd to the refining process, which 
is more or less complicated, according to tho degree of purity of the coarse copper. 

The several operations of calcining and melting are performed either in reverberv 
tory furnaces, or in blast furnaces similar to those used in the smelting of iron, only 
not so large. The choice of one or the other form of furnace, is determined by the 
circumstances of the locality. Where there is abundance of coal, and of good fire-dav 
for the construction of the frimace, as in the neighbourhood of Swansea in South 
Wades, reverberatory furnaces are used ; but where these conditions are not fulfilled, 
as in most of the continental localities where copper is smelted, the preference is nven 
to blast ihmaces, partly because they are less quickly corroded by the action of the 
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Jiielted slag, partly 'because they ensure a more economical consumption of the fuel, 
And less loss of copper in the slags. 

Copper-STnclting in Reverberatory Furnaces : Welsh Process, 

' Copper-smelting has been carried on in the British Isles from reiy early times. There 
are reeonls of copper-works in Northumberland, Cumberland, and Yorkshire in tlie 
reign of Edward III. ; and smell ing works were subsequently established in Laneasliii'e, 
Staffordshire, Gloucestershire, Cornwall, and the neighbourhood of Bristol, in most 
eases in the neighbourhood of copper mines. At all these old works, blast-furnaees 
appear to have been used. In the seventeenth century, copper-smelting was eafcjt- 
sively carried on at Neath in South Wales ; but at present the largest copp(‘r-work8 in 
Great Britain arc at Swansea, a locality eminently adapted for the purpose, not only 
by the great abundance of coal in its vicinity, but also by its position on the coa.sf, at 
-a short distance fi*om Coniwall and Devonshire, the counties from which the largest 
■quantities of copper ore are obtained, and easily accessible to vessels conveying oi-e 
■from Spain, South America, Australia, and other parts of the world. 

• ThQ ores smeltckl at Swansea may be divided into five classes : 

1. Sulphides of copper, mixed with a large proportion of sulphide of iron, and only 
a very small quantity of oxidised copper- compounds. The ganguc is formed of quartz 
arid earthy matters. Propt>rlion of copper from 3 to 15 per cent. 

2. Cupriferous pyrites, similar in composition to the preceding, but containing a 
larger proportion oi copj^er, viz. 15 to 25 per cent. 

- 3,, Cupriferous pyrites containing very little iron pyrites, or any other snibstancx5 

’hurtful to the quality of the copixw, but a larger proportion of oxidised cojqx‘r-com- 
•pounds. 

4. Ores consisting chiefly of oxidised copper-compounds, mixed with copper pyrites 
and purple copper. Ganguc quartzose. lb‘oportion of copper 25 to 45 per cent. 

6. Very rich oxidised copper ores, free from sulphides and injurious substjnicos ; they 
contain from 60 to 80 pCT cent, of copj)cr, in the metallic stati', and as oxide and car- 
rbonato. These choice ores come principally from Chili. 

• ' The facility with which the reduction is effected, as well as the quality of tlie metal 
produced, depends in great measure on the judicious admixture of tluise several varie- 
ties of ore. Wlien a plentiful supply of oxide* carbonates can be obliiined to mix 
with the sulphides at a certain stage, the nuod;-:- of operations from tlm first calcina- 
tion to the refining may be reduced to six; lu t only sulphurous ores arc at liand, 
eight, or even ten or twelve operations may be required.^ The following is an outline 
of the process, as earned on under the most favourable circumstances. 

1. Calcination, — Tlie process is comracnced with orcsof the first-class, , consisting es- 
sentially of the sulphides of copper and iron. They ai’o calcined in a large reverberatory 
furnace, called the calcincr, of which Jig. 132 represents a horizontal section, and 
Jig. 131 a vertical section throaigh the lineX Y of the plan. The hearth of the furna(re 
is formed of fire-brick, and is cither square, as repre.seuted in the figure, or more fre- 
quently oblong, about 20 feet by 12 feet btung usual dimen.sioiis. The vault descends 
rapidly from the end above the fire place F, to the oppo.site end II, where the gases 
enter the tall chimney. The furnace is charged wdth from 3 to 3J tons of ore, by the 
cast-iron hoppers T, the cliargc being uniformly spread over the hearth bv mean.s of 
long iron tools culled stirring rabbles^ introduced by the side d(X)rs p, which are four 
or six in number, according to the length of the furnace. The projections between 
theso doors serve to prevent the cliarge from getting heaped up in the intervening 
space, a position from which it could only be removed by stirring from the opposite 
The fuel used is anthracite mixed with ^ of its weight of bituminous coal, to 
nfake it cake together and form a mass of a due degi*ee of porosity. The air passing 
upwards through this heated mass of carbon, its oxygen is completely converted into 
carbonic oxide, which, together with the nitrogen, passes on through the body of the 
fhrnace, and 1x111118 at the expense of the air, which enters by the aperture o 132), 
situated near the fire-bridge, and bv smaller apertures in the side doors ; the vault of 
the furnace thus becomes filled with a long fiame of carbonic oxide, burning in contact 
with the stratum of air containing excess of oxygen, which enters by the apertures 
•ik^ye-mentioned, and spreads itself over the hearth. The ore on the hearth is thus 
'constantly immersed in a stratum of oxidising gas, kept at a high temi^rature by the 
combustion of the carbonic oxide just above it. A considerable portion of the sul- 
‘|rhiir in the ore is thus converted into sulphurous acid, which escapes by the chimney, 
Sbe copper and the iron being at the same time partially converted into oxides.^ The 
Wcmation lasts from 12 to 24 hours, the charge being stirred from time to time to 
i(Xpose a fresh surface to the oxidising atmosphere, and the heat regulated so as not to 
the particles to clot or sinter together, the tendency to which diminishesy how- 



COPPER. 


25 


as ihe calcination proceeds. When the calcination is completed, the ore is raked 
into the holes, r r, on the sides of the hearth, tlirough which it falls into the vault U 
below, where wate.r is thrown upon it. 

Fnj. 131. 



An idea of the change which takes place in the calcining process, may he gathered 
from the following analyses of samples of raw ami ealeiued ore, hy Le Play. (Descrip- 
tion des procHes mltaUurgiqucs employes daiis lePays de GaUis pour la fidn'i cation da 
Cuivre, Paris, 1848.) 


Jtaw ore. 

Cuprous oxide, Oii^O 


0-4 

Calcined ore. 


Copper pyrites 


22-7 


11-2 

Iron pyrites, EeS* . 


22-4 

Sesquisulpliide of iron (Fe^S^) 

11-2 

Various sulphides . 


10 

0-6 

Sesquioxido of iron . 


0-6 


11*7 

Various oxides 


0-3 

' 

0-0 

Silica 


34-3 


34-3 

Earthy ashes . 


20 

. ..... 

20 

Water and carbonic 

acid ill 


Sulphuric acid combined 

IT 

combination 

• 

0*5 

84-2 

781 


Atmospheric oxygen consumed hy) (Evolved (Wafer and carbonic acid 0*5 
this amount of ore in the calcination J < ?is gas. j Sulphurous acid. . 2 1 *4 

100^ ukTo 

The loss of weight which occurred during calcination, was found to be 7*2 per cent, 
and the loss of sulphur 61*9 per cent, of the total in the ore. 

2. Melting of ihe caldned ore. — This process is performed in a reverberatory 
fiirnace, called the ore-furnace, represented in figures 133, 134. 

Xiie fuel is a mixture of 2 pts, anthracite and 1 pt. bituminous coal. The temperature 
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is mised luglier than in the calcining furnace, by increasing the draught. The 
hearth is formed of slag, and has a dej^resscd basin at B, into which the melted metal 
sinks. The charge consists of the calcined product of the preceding operation mixed 
with metal a product obtained in operation No. 4, and sometimes with unroasted 
ore of the thim class (p. 24), and a certain quantity of fluor spar to render the slag 
more fluid. The oxides and sulphides decompose one another, the products being 
chiefly sulphide of copper, oxide of iron, which ptisses into the slag as silicate, and 
sulphurous acid, which escapes, the oxidation of the sulphur Ixung alw partly due, as 
in the preceding operation, to the action of the air in the furnace. The process is 
completed in four or five hours. The products consist of a rogulus, called coaree 
containing the greater part of the copper as sulphide and a certain quantity of sul- 

S hide of iroUj and a slag rich in iron and containing numerous siliceous foments 
isseminated through it, which give it a muddy consistence. This slag is raked out 
of the furnace by a rabble introduced through the door p, and falls into a series of 


133. 
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rectogular cavities U, formed in a bed of sand. At the same time, the melted coarse 
metal collected in the basin B, is run out by a tap-hole at the bottom into a resor- 
K, containing water, whereby it is granulated. 

'pie coarse metal contains about 33 per cent, of copper. It is brittle, and easily 
pmven^: ite fractured surface is non-ciystallino, uneven, more or less granular, 
generally vesicular, and of a bronze colour. The following analyses have been made 
of It by Leplay and by Napier. 
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Composition of Coarse Metal. 



Leplajr 

Cmcnn). 


Napier. 

Copper .... 

. 337 

Copper . 

. 2M— 39*5 

Iron * . . . 

. 33'6 

Iron 

. 33*2— 36-4 

Nickel, cobalt, manganese 

. 10 



Tin 

. 07 



Arsenic • • • . 

. 0-3 



Sulphur . . 

. 29-2 

Sulplmr . 

. 45*6—25*0 

Slag mechanically mixed . 

. 1*1 




99-6 




The slag, called ore furnace slag^ generally consists of a hard, brittle, black matrix, 
in which are imbedded sharp an^ar pieces of white quartz. It frequently con- 
tiiins small shots of coarse metal. If these are numerous, tlic slag nuist bo remelted 
in subsequent operations. Its average composition, as determined by Leplay, is as 
follows : — 


Composition of Orefurnacc Slag, 

Quartz in admixture 

Silica in combination ....... 

Alumina 

Protoxide of iron 

Lime 

Ma^esia 

Viirious oxides (of tin, inanganeso, nickel, and cobalt) , 

Fluorine . . 

Calcium 

Copper ' . 

Iron 

Sulphur 


I'O) 

11{ 


O’o) 
0 - 9 ^ 
0 - 6 ) 


30-5 

300 

2-9 

28-5 

20 

0*6 

1-4 

2*1 


20 


lOO-O 


This sing has nearly the composition of a ferrous melasilicato, Fe' SiO* or FeO.SiO*. 

It appears, then, that in the melting process in tlio ore-furnace, a considerable 
portion of the iron of the calcined ore is removed in the shig, and the wliole of the 
copper, excepting the smaH portion which passes into tho slag, is concentrated in a re- 
gulus containing, on the average, as much copperas pure copper pyrites (p. 22). The re- 
duction of tlie sesquioxide of iron in the calcined ore to protoxide is due to the action 
of the sulphur, which is oxidised to sulphurous acid at tho expense of tho ferric oxide. 
Any copper that may exist in the state of silicate in the 7n€tal shig^ forming part of the 
charge of the ore-furnace, is converted into cuprous sulphide by mutual decomposition 
with the sulphide of iron, whicli is always present in this furnace, and passes into the 
coarse metaL 

3. Calcination of tJie granulated coarse metaL — TJiis operation is peidbrmed in a 
calciner, with free access of air, the charge being frequently stirred and turned over. 
The calcination is complete in about 24 hours, tho hetat being gi’adually raised 
towards tho end of the process. No satisfactory analysis of tho calcined product hiis 
yet been made. Leplay, however, found that, in a sample of coarse metal containing 
337 per cent, copper, 34'2 iron, 1*5 of various other metals, 29*5 sulphur, and 1*1 slag, 
the proportion of sulphur was reduced by calcination to 16-4 per cent. The sulphur is 
evolved as sulphurous and sulphuric acids. 

4. Melting of the calcined coarse 7nctaL — The calcined product No. 3 is melted with 
addition of matters rich in oxide of copper, namely, roaster and refinery slags, and a 
quantity of ores of the fourth class (p. 24), consisting of oxides and carbonates of 
copper. The furnace is similar to tho ore-fumace (fig, 133), excepting that the hearth 
has no basin. The process is conducted in a similar manner, excepting that it is con- 
tinued two hours longer, and the heat is raised higher. Tlie reaction consists mainly 
in a double deconiposition between the sulphide of iron and oxide of copper, whereby 
oxide of iron is formed, which passes into the slag as silicate, and sulphide of copper, 
which forms the regulus; very little sulphurous acid is evolved. The slag is 
skimmed off, and drawn out of the furnace through the end opening below, where 
stmd-beds are placed to receive it The regulus is tapped off into sand-moulds imme- 
diately in front of and below the tap-hole of, the furnace. 

The composition of the regulus produced in this operation, varies with the proportion 
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cf oxide of copper mixed with the calcined coarse metaL When a sufficient 
of oxide and carbonate can be added to decompose the whole of the sulphide of iron 
present, the regulus has very nearly the composition of cuprous sulphide, Cu^S, the de- 
composition taking place as represented by the equation — 

Cu"0 + FeS + xSiO* = Cu*S + FeO.j^SiO^ 


The regulus formed under these circumstances is called white metal. It has a dark 
bluish grey colour, and faint metallic lustre, is compact and brittle, with uneven, gra- 
nular, and more or less crystalline fracture. It contains on the average 73*2 per cent, 
copper. A sample analysed by Lepla^s of specific grarity 5*70, contained 77*4 per cent, 
copper, 0*7 iron, with traces of nickel and cobalt, 0*1 tin and arsenic, 21*0 sulphur, and 
0*3 slag and sand. Pure cuprous sulphide contains 80 per cent, copper. (See Sulphiuks 
OP CoPPEB AND Ieon, ii. 77). 

The slag, called 'metal-slag, is brittle, compact, and occasionally very crystalline, of 
blue-grey to bronze yellow colour, and inclining to metallic lustre. An analysis by 
Leplay gave : 


Silica .... 

. 33-8 

Alumina .... 

. 1-5 

Protoxide of iron 

. 56*0 

Cuprous oxido , . 

. 0*9 

Various oxides , 

. 21 

Lime .... 

. 1*4 


^lagnesia . 

Slag moehani- 

( Sulphur 


cully mixed. 


. 0-3 
. 2-9 
. 0*3 

. 0-8 

1 ()()•() 


If the proportion of oxidised copper-compounds in the charge is less than what is 
poquir(*d for producing white-metal of the composition above given, the regulus will 
contain a considerable quantity of iron, constituting, from its colour, what is callofl 
him metal ; white-metal indeed passes insensibly into blue rnetal as the proportion of 
iron increases. 

Blue metal always contains metallic copper diiFused through it in very minute 
particles, and protruding into the interior of cavities in the mass, in delicate liair-liko 
filaments. The manner in which this metallic copper is formed is not very clearly 
understood ; but the reduction appears to take place during cooling, ami to depend 
upon a reaction between the sulphide of copper in the regulus and the oxides in tlie 
slag. When the oxidised copper-compoiinAs in the charge are in excess, some of the 
copper is likewise reduced, and a regulus is formed similar for the most part, in com- 
position, colour, and properties, to wliite metal, but exhibiting on its upper surface 
numerous pimple-like excrescences, whence it is culled pim'ple-metal, 

6. Boasting of the White or Blue metal. — In this operation, the sulphur, which had 
hitherto been retained in union with the copper us an agent of concentration, is 
finally expelled in the form of sulphurous acid, and at tlio same time certain foreign 
metius, namely, arsenic, antimony, iron, cobalt, nickel, tin, &c., are removed, by con- 
version either into volatile oxides, or into silicates, which pass into tlie slag. Tlie 
process consists of two successive reactions, wliich ttike place in tho same furnace : 
1. The direct action of the air on the metal kept at a temperature near its melting 
point ; 2. The reaction of the oxide of copper thus formed on the sulphides not de- 
composed by tho roasting, whereby sulphurous acid is evolved, and copper reduced to 
the metallic state. The metallic copper thus obtained is called blister ot^pper, from tho 
appejirance of its surface. There is also formed a slag very rich in copper, called 
roaster-slaa, which is added to the furniice-charge in the smelting of the calcined 
granulated coarse metal (No. 4). 

The operation is performed in a reverberatory furnace similar to the melting 
fiimace {jig. 133), but having a side door by which the pigs of regulus are introduced: 
and later.il openings near tlie fire-bridge for the admission of air. The rich oxidised 
ores of class 6 (ii. 24) are added to the charge. In half an hour, the pigs begin to 
melt, and tlio temperature is so regulat4?d that the fusion may be complete in six or 
eight hours. The surface of the melted mass appears to boil, owing to the escape of 
sulphurous acid, produced by tho mutual dccom^sition of the oxidw and sulphides. 
The slag which forms on the surface of the melted regulus, is skimmed off twice during 
the operation, once immediately after fusion, and a second time just before tapping. 
AfteT a while, the temperature of the furnace is lowered sufficiently to allow the 
regulus to solidify. When it has become pasty, its surface is thrown up into> 
craters, in consequence of the continued evolution of gas, whereby the extent of 
surface exposed to the air is greatly increased and the oxidation assisted Finally,' 
the regulus is again melted into sand-moulds, where it solidifies in the form of htisUf i 
topper. 

The foUoiring are analyses of blister copper and roaster slag. 
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BUaer copper. Leplajr. Nap ier. 

Copper 98-4 '97*5 9?0 9^5 

Iron 0*7 0*7 0*5 0-8 

Nickol, cobalt, manganese . 0*3 1*0 0*7 0 0 

Tin and arsenic • . . 0*4 0*2 0*3 0*1 

Sulphur ..... 0*2 0'6 0*5 0*6 

100*0 100^ lo'o-o i6"o*o 

Roaster stag. Loplay. 

Silica^ 47*5 

Alumina 3*0 

Cuprous oxide . 16*9 

Ferrous oxide 28 0 

Oxides of nickel, coball, manganese . . . .0 9 

Stannous oxide 0*3 

Lime and magnesia tract's 

Metallic copper 2*0 

98-6 


According to Leplay, roaster-slag contains on an average 20 per cent, of copper, 
inclusive of that present in the metallic state. It is vesicular, more or less scoriaceous, 
of (lark reddish-bro^vm colour, varied here and tliere with greyish black, and without 
inelalUc lustre. 

0. Rfjinimj . — This is the last operation, and its object is to remove tlie foreign 
metals and the remainder of tlio sulphur. The reagents by wliich this change is 
efK'ctod are, tlie oxygen of the air, and tlie siliceous matters of the hearth and walls 
of the furnace, together with those which are furnished by the sand adhering to the 
pigs of blistered copp(*r. The refmeiy furnace is similar in construction to a melting 
iuriiace, excepting that the bottom inclines gradually from all sides towards the deepest 
part, which is near the end door, and there is a large door on one side, but neither a 
IjoIo ill the roof nor a side tap-liole. The furnace is charged with 6 or 8 tons of 
pigs of blistered copper, which are melted and exposed for about 15 hours, to tho 
oxidising action of the air which enters tho furnace. Tho oxide of copper formed, 
ai.'bs either immediately, or after combining with silica, on the sulphur and rnetids more 
oxidable than the copper, thereby oxidising and causing tbem to pass into the slag, 
together with the excess of oxide of coppiT. The slag is skimmed off through tlie end 
opening. 

The copper, thus freed from foreign metals and sulphur, is, however, in a peculiar 
state, being intimately mixed with a considerable quantity of red oxide, which destroys 
its malleability ,* in this state it is called dry copper. To deoxidise and toxujhn it, a 
quantity of anthracite, or fri'c-buming coal — charcoal w’as formerly used — is thrown on 
the surface, and after a short time, a large pole of oak or birch, tho greener the better, 
is thrust into it, and kept down by fixing a prop under the end which protrudes from 
the furnace. Under the influence of the high temperature, the wood gives off a largo 
(juantity of reducing gases, which cause the metal to boil vioh ntly, carrying tho 
jMirticles of carbon below its siu’face, and greatly accelerating the reducing action. 
After twenty minutes of this treatment, which is called poling^ the refiner takes out a 
sample of the molted metal in a small ingot-mould, and when tho ingot is cold, places 
it on an anvil, and tests its quality by liammering. As soon as it is found to possess 
the cliaracfcers of good metal {toug% pitch), the surface is again skimmed as fast as 
possible, and the metal ladled out into moulds. Should the metal, during tho process 
of ladling, become more or less dry by oxidation, it is again poled for a short time. 
If, on the contrary, the poling has been continued too long, the copper again becomes 
brittle, probably because the oxides of certain other metals, load, antimony, &c. present 
in small quantity, are reduced by the poling, aud the copper consequently becomes 
alloyed with these metals; in this state it is said to be overpoled. To remedy this 
defect, the surface is uncovered, and exposed for a short time to oxidation. Wlicn 
tho copper is intended for rolling, a certain quantity of lead may bo advantageously 
added to it just befdre ladling. The proportion used is very variable, sometimes as 
much as 80 lbs. of lead to 6 tons of copper, sometimes not more than from 14 to 30 lbs. 

The rejinery-slag is very rich in copper. A specimen analysed by Leplay contained : 


Silica 

Alumina 

Cuprous oxide .... 
Ferrous oxide .... 
Oxides of nickel, mnn«ai?cse, &c. 


47*4 

Stannous oxide 

. 0*2 

2*0 

Lime .... 

. 1*0 

36*2 

Magnesia 

. 0*2 

3*1 

Shota of metallic copper , 

9*0 

0*4 


99*5 
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A specimen examined by Dr. Percy contained 57*9 per cent, copper existing as 
cuprous oxide, and 2*65 metallic copper ; making a total of 60*55 per cent, copper. 

It has already been observed, that when a plentiful supply of rich oxidised ores 
cannot be obtained, the calcinations and fusions have to be repeated a greater number 
of times: thus, instead of at once subjecting the white or blue metal resulting from 
the melting of the calcined coarse metal to the process of roasting (as above described), 
it is necessary, under such circumstances, to calcine it again, and subject the calcined 
product to an additional melting before commencing the roasting. 

The TmtaUslag (No. 4), and likewise the ore-fumace slag when it e<mtsins numerous 
shots of reguliuj, are sometimes remelted in order to concentrate the regulus which 
thw contain. 

Dastly, we must notice the process of making what is called best^selected copper,” 
which is merely a very pure metal used for fine purposes, especia^ for making the 
best brass. The process consists in melting one of the numerous varieties of blue metal^ 
and tapping it into a series of moulds or sand-beds. The pigs nearest to the furnace 
then contain the greater portion of the metallic impurities, while those more remote 
contain a pui'er regulus, which is then roasted an^ xc^ed. Another method is to 
roast the blue metal, or nictal^ till about h^ wie copper is reduced. The 

residual metal, called regule^ best regule^ or spongy is .^afterwards roasted and 

refined by itself. ^ r 



Copper SmeltingHn Blast Furnaces* 

This is the method chiefly adopted on the continent of ffurope, as in Sweden and 
in Germany. 

Swedish process , — The Swedish copper ores, the principal mines of which are at 
Fahlun, in Dalecarlia, and Atvidaberg, in Ostrogothia, consist of copper pyrites mixed 
with a large amount of iron pyrites and siliceous minerals. 

1. Boasting or Calcination , — The ore is first roa^itrd either in kilns formed by walls 

^ built in the manner shown in Jig. 135, 

Fig. 135. irj pyramidal heaps, most fre- 

quently the latter. In either case, a bed 
of wood about 12 inches high is formed 
on the ground, and on this the ore 
is piled in alternate layers with small 
charcoal, to the height of 2 or 3 feet in 
the kilns, and 10 or 12 feet in the heaps. 
By this meaiiH, a laigo portion of tho 
sulphur is burnt away, while the iron 
is chiefly oxidised, os in the Welsh 
process of calcination. The roasted ore should retain sufficient sulphur to furnish, 
when smelted, a regulus yielding from 20 to 30 per cent, of copper. 

2. Fusion of the roasted om— The roasted ore is next mixed with black copper slag 
a product obtained in the fourth operation, and containing a large amount of iron. 
The proportions should be so adjusted as to yield, wlien smelted, a regulus containing 
from 20 to 30 per cent, of copper, and a slag having nearly the composition Fe^SiO’, or 

which is found to possess tho proper degree of 'liquidity. The mixture 
of ore and black copper slag is smelted with coke, or a mixture of coke and charcoal 
in u cupola {8chachtofen\ called the ore-furnace^ about 18 feet high, the fire being 
urged by a blast. The regulus obtained is a mixtui'c or compound of the subsulphides 
of copper and iron. 

3. Boasting of the regtdus . — The regulus is next roasted in a range of kilns con- 
structed on each side of a medium wall in the manner represented in Jig, 135. The 
roasting is repeated four, five, or even six times. When the first firing is finished, the 
regulus is transferred to the next kiln, then to the next, and so on till it is roasted 
“dead** or “sweet.” No charco;tl is added in the first firing, but in the second IJ 
measure of charcoal is spread^ upon the wood, and the quantity is increased in each 
successive firing, till, in the sixth, 12 measures of charcoal are added, forming three 
layers, includiM that on the wood. The entire roasting generally lasts fiom seven to 
eight weeks. During tho roasting, oxide of zinc is formed from sulphide contained in 
the regulus. 

Fusion for black copper , — The roasted regulus from the last operation is next 
smelted in the black copper furnace, which is also a cupola, but of smaller dimensions 
than the ore-ftirnaee, in admixture with a roasted regulus {thin regtdus) obtain^ in 
preceding operations, alM with refinery slaas, furnace-residues containing copper, and 
ore^fumaee slags, sometimes also with addition of quartz. The products are black 
itopper {SchwarUkupfer^ an impure metallic copper so-called from its superfidd crust 
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of black oxide; thin containing &om 55 to 72 per cent, of copper; and hlajck 

copper daa, chiefly consisting of silicate of iron, but containing about 1 per cent, of 
cop^.^'his slag is added to the charge of the ore-fumace in a subsequent operation, 
and^e thin regulus is remelted in a subsequent fusion for black copper. 

The black copper has lastly to be refined^ to free it from sulphur and foreign metals. 
This is effected, as in the Welsh process, by melting it under a layer of charcoal, and 
subjecting it at the same time to the action of a current of air. The arrangements are 
similar to thosO used in Germany, which will be presently described. 

The followuig are analyses of the black and r<fimd copper of Atvidaberg, made at 
the mining school of Fahlun ; — 

Black copper. Refined copper. 


Copper • 

• • 



. 94*39 

99*460 

Iron t'- 

. • 



. 2*04 

0*111 

Zinc 

. • 



. 1*55 

— 

Cobalt and nickel 




. 0*63 

0*110 

Tin . . . 

• • 



. 0*07 

scarcely a trace 

Lead 




. 0*19 

ditto. 

Silver . • 

"'■'V., .■ # 



. 0*11 

0*065 

Gold . 

' “ / ' i 


, Hi 

not looked fox 

• 0*0015 

Sulphur . . 




. 0*80 

0*017 

Arsenic • . 

* • . 



. trace 

99*78 

99*7645 


The greater part of the cobalt is separated in the refining, and becomes concentrated 
in tlie slag. 

Mans f eld process . — The copper ore of the Mansfcld district in Prussian Saxony 
consists of argillaceous schists {KwpJ'cr^schicfer), largely impregnated ^tli bitumen, and 
containing copper pyrites disseminated in small ciyntals. Tliu scJiist is first roasted in 



pyramidal heaps on beds of wood. Very 
little fliel is required, the fire being kept up 
by the combustion of the bitumen contained 
in^ the schist. The roasted ore is then 
mixed with from 6 to 8 per cent, of fluor 
spar, cupriferous slag from subsequent stages 
of preceding operations, and often with small 
quantities of cupriferous schists containing 
carbonate of lime. This mixture is smelted 
in cupolas from 15 to 20 feet high, heated 

with coke. Pig, 136 is a vertical section ^ * • i. 

of the furnace, passing through one of the tuyeres. Fig, 137 is a front view, with • 
section of the lower part of the shaft. This lower part of the crucible is formed of sili- 
ceous grit, the upper part of brick. The flirnace (the ore-furnace) has two tuyer'es t tf 
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placed either on the same side of the shaft (as in the figure), or on opposite sides. At 
the bottom of the crucible are two apertures, oo\ which are opened alternately to allow 
tho fused products to run into the hasin-s C O'. Tlie furnace is filled with ore and fuel 
in alternate layers. Tho regulus and slag are constantly running from the fumaco into 
one or other of tho basins C O'. The slag is moulded into large bricks, which serve 
for building. The rcgulus {Rohstein\ which docs not amount to more than of 
tlio weight of the roasted ore, is composed of cuprous sulphide, Cii^8, , and ferrous 
sulphide, Fe^S, and contains from 20 to 60 per cent, of copper, according to the nature 
of tho ore. Tho poorer kinds of rcgulus containing from 20 to 30 per cent, of copper 
are roasted three times on beds of wood, and again smelted with slags from preceding 
operations, those being selected which lay immediately above tho reguliis in the 
basins C O'. A new regulus (Spurstmi) is thus obtained, containing as large a propor- 
tion of copper as the first re^lus of the richer ores. ^ 

The richer reguli (Spurstein and D'unnstein) are roasted six times in succession on 
beds of wood in brick-walled kilns like those roprosentod in^^y. 135 (p. 30). During 
the, roasting a considerable quantity of sulphate of copper is formed, which is removed 
by lixiviation and crysttillised. 

Tho roasted and lixiviated regulus {Gaarrost) is now smelted with a due proportion 
of slag in a blastfurnace, similar to that represented in Jig* 136, but smaller. TIio pro- 
ducts are black copper, a rich r^fgulnS' {Bunn^tein), which is added to tlie second regulus 
obtained in the preceding operation, and slag. Tho black copper is removed in the 
form of discs, by throwing water on tho surface so af^ form a solid crust. It contains 
about 96 per cent, of copper, 3 or 4 per cent, of iron, and small quantities of silver ami 
.antimony. 

The quantity of silver in the l>hick copper is generully sufficient to render its extrac- 
tion profitable. This is etfected by a process called diiinatmi, depending on the fact 
that lead forms with silver a more fusible alloy than with copper. Tlie argentiferous 
copper is melted with lead (argentiferous load, if it can be had), and the uielte<l alloy 
is either suffered to cool very slowly, in wliich case tho copper solidifies first in com- 
bination with a portion of the liuad, while tho rest of the lead, in eombiiiation with nearly 
the whole of the silver, remains liquid; or the whole of tho fused mass is cast into discs, 
which are then subjected to a gradually increasing heat, the ofieet of ’which is to melt 
out the silver in combination with part of the loud, while an alloy of load and eopp(‘p 
remains in the solid state. The argentiferous lead is then cupelled to separate tlie 
silver. (See Silver.) 

The alloy of lead and copper thus obtained, still, however, retains a small portion 
of silver, which is sometimes separated from it by subjecting it to a liiglier teraperatui*e 

in contact with a current 




j I I I of air, whereby a fresh 

Fig. 138. pij. portion of lead contain- 

I n j R 1 ing silver is separated, 

T W I U T 

^ ' tallic state, but in the 

form of litharge. 

Refining . — Tlie black 
copper thus desilverised 
is refined in a reverbera- 
t tory furnace constructed 

J hke a cupelling furnace. 

^The metal is fused on 

action of a blast of air 

IsT ^A°re7s^rgi^thei^ 

^ formed containing the 

foreign metals, iron, lead, 
&c., and a considerable 

“ quantity of cuprous ox- 

removed from 

i time to time by the door 

operation by taking out from time to time, a small quantity of the melted metal^ 
and 6xamiinn£r it in tho manner to be presently described. Wlien the process ia 



m 






s 




and examiinng it in tho manner to be presently describe' 
jAniidied, the melted copper is run off into the basins h A| an< 


sently described. Wlien the process ia 
basins A A| and a little water is ponred 



coppEtt. aa 

apon fl to form a emst On the surface, which^ is then taken off in the form of a diae 
called a rosette. 

When the black copper does not contain silver, it is not subjected to the eUq^uatbn jtfo- 
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jess, but is immediately refined, in a small furnace, call(?d a refining hearth^ of which 
fig, 140 is a vertical section VLniXjlg, 141 is a perspective view. 

It consists of a homisplierical crucible C, about 2 or 2.5- feet, in diameter, and 16 to 18 
inches deej), and made of English fire-clay mixed with sand, and well beaten down. It is 
surrounded by a raised platform, having an opening A, which can be closed by a door. 


Fig.UO. FigAil. 



The crucible liaving been dried by filling it with lighted charcoal, fresh charcoal is 
added, the pigs or discs of black copper are plsiced on tlio charcoal opposite to the 
tuyere T, aud the blast is turned on. As soon as this portion of copper is melted, 
more is added, care being also taken to keep the crucible full of charcoal. A channel 
i iy allows the slag produced during the refining process to run off. As the oxidation 
proceeds, sulphurous acid is given off, sometimes accompanied by white vapours of 
oxide of antimony. The first portions of slag which run off are of a greenish colour, 
and contain much oxide of iron ; the subsequent portions are of a dark red colour, and 
are rich in copper. To judge of the progress of the operation, the refiner from time to 
time dips a cylindrical iron rod into the melted copper, then quickly withdraws it, 
cools it by immersion in cold water, knocks off the hollow cylinder of copper adhering to 
the end, and examines it. If it is thick, smooth on the outer surface, and yellowish-red 
inside, the copper is ** too ^oung,” and must be ftirther exposed to the action of the 
blast When it becomes thin, brownish-red, and crinkled on the outer surface, of a pure 
coppor-red in the interior, with metallic liLStre, and may bo bent several times without 
breaking, the copper may be regarded as refined, or nearly so. When it becomes so 
thin as no longer to form a continuous coating, but merely to surround the iron in 
some places like network, , and in others to present the appearance of small pointed or 
IL D 
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bearded excreflcenees, the blast shotild be Imxnedktdjr stepped, as the copper Ic oter^ 
refined or ** fibergw,” 

Wheil the refining is judged t6 be complete, the copper is taken Out in rvaeitet in 
the manner above described. 

Toughmmg {HamTner^aarmachn). — Rosette copper, though tolerably pure, is not 
very malleable, because it contains a considerable qaantity of red oxide ; in fa^, it is 
in the state called ** di^ ” by English smelters, it is sold for the manufacture of 
brass, and other purposes in which it requires to be melted up again. To convert it 
into malleable <^per, it is again melted on a refining hearth, under charcoal, but with 
the tuyere less iuciined then in the preceding mrocesa, so that the oxidising action of 
the blast may not be so strong. There is nothing peculiar in the process, excepting 
that it must be done with great care, so as just to reduce the oxide by the action 
of the red-hot charcoal, without bringing, it into the over<‘Tffined state, like the over- 
poled copper of the English works (p. 29). The refiner takes out a sample now and 
then, and tests its qualities by hammering. Altogether the refining and toughening 
of the black copper is a more tedious process than that of the English blister copper 
(p. 29.) because the black copper is less pure than the latter. 

The following analytical data in elucidation of the Mansfeld process are taken from 
Percy's Mitallurgy : — 


Analyses of the Mansfld Schist Berth ier. 



Uiiburnt. 


Roatted. 

Silica . . « • 

. 40*0 

Silica . « • 

. <50-6 

43*8 

Alumina .... 

. 10‘7 

Alumina > 

. 23*4 

17*2 

Ferric oxide . • . 

. 5*0 

ISIagnesia ) * * 

CarlxMiate of lime . • 

. 19*5 

Lime . • • 

• 7-8 

180 

Carbonate of magnesia , 

. 6-5 

Oxides, copper (CuO) 

. 2*8 

25 

Copper pyrites . 

. 6*0 

Oxides, iron (Fo*0*) 

. 9*0 

7-2 

Pobisli .... 

. 2*0 

Sulphur , 

. 4*0 

2*4 

Water and bitumen . . 

• 

Loss by calcination . 

. 0*8 

6 0 


1000 


98*4 

971 


Analyses of Ore furnace Slags, 



Heine. 

Berthier. 

HoCnnann. 

jk 

Ebbinghaus. 

Silica • « • 

67*43 

63*83 

49*8 

48*22 

6000 

64*13 

Alumina .. .• • 

7-83 

443 

12*2 

16*35 

16*67 

10*53 

Lime . « . . 

23*40 

33*10 

19*2 

19*29 

20*29 

19*41 

Magnesia ^ • 

0*87 

1*67 

2*4 

3*23 

4*37 

1*79 

Feny>UB oxide 

7*47 

4*37 

13*2 

10*76 

8*73 

10*83 

Oxide of zinc • 

, , 

, 

, , 

1-26 

1*11 


Cuprous oxide 

Fluorine 

Alkali (K*0), and loss 

0*30 

1*97 

0*24 

2*09 

*1*1 

2*1 

0*76 

0*67 

2*03 


99*27 

99*7! 

100*0 

99*86 

100*84 

98*72 


Analyses of Ore t'urnacc Jtegulus {Hohstdn), 

Hi'iiic. RHinmelsbflrs. 

I ■ ■ ^ f ■ ’■■■ ■ ■ ■ ■ ' ^ »ii I — 



a. 

b. 

c. 

d: 


e. 

/ 

Copper . 

62*44 

48*26 

42*10 

31*70 


47*27 

43*62 

Iron 

20*49 

17*36 

19*26 

28*75 


19*69 

23*35 

Sulphur . 

26*44 

24*68 

25*50 

27 80 


26*76 

28*70 

Zinc 

, 

2*90 

6*20 

4*35 

• • 


1 3-4a 

Nickel ( . 
Cobalt) • 

• 

0*80 

1*05 

1*25 

• 

« 

Lead 

0*41 

1*06 

1*50 

0*66 

• t 

• 

^ Carbon, 
earthy 

. matter, '0*88 

Silver ' • 

0*13 

0*30 

0*27 

0.16 

• • 

• 

f^lca . 

• 

1*66 

116 

1*66 • 

1 

|Zn, Ni, 1 
(Co, Mn,| 

1 409 

and 

^ loss. / 



96*78 

96*02 

9?ii 


97-81 

190*66 
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dnaljfses of Concentrated "Rcgulue (Bpwr&tdn)^ and Thin BegvZue (JOunnetein) from 
the Black-copper Furnace. 



Spurstein. 


Diinatein. 



Ebbinghaus. 

Berthier. De la Trobe. 

Schllessor. 

Boujoukas. 

Copper 

. 51-37 

69*8 

69-18 

67-27 

61-23 

Iron . 

. 18*67 

15*8 

15-07 

16-32 

16-19^^ 

Sulphur 

. 24-36 

22*6 

20*01 

22*17 ■ 

24-38 

Zinc, nickel, &C. . 

. 6-54 

. . 

2-97 

2-65 



100-93 

W2 

08-23 

98-31 

100-80 

Supposed Rational Constitution of the 

above (Bammelsberg). 

Cuprous sulphide. 

. 67-47 


46-66 

67-69 

77-96 

Ferrous sulphide . 

. 24-76 

• » 

26-11 

25-56 

23-80 

Sulphides of Zn and Ni . . 

• • 

4-44 

3-81 


Metallic copper , 

. 6-98 

• • 

21*96 

10*08 

traces 


Analyses of Slags accompanying Concentrated Ucgulm {^SpurscUache) arjd Black 

’ Copper. 


Spurschlacken. Black Copper Slag.. 



■^ornuin. 

Hothnaim. berthier. Lmli. GohrenbeAi. 

Silica .... 

33-18 

34-11 

33.6 

38-16 

37-90 

Alumina 

11-22 

8-46 

6-6 



Ferrous oxide 

32-03 

37*68 

61-6 

47-22 

49-23 

liime .... 

17-14 

13-38 

6-0 

11-66 

9-07 

Magnesia « . 

Copper existing partially 

2*96 

4-67 

• • 

0-03 

1-47 

as cuprous sulphide * 

1-90 

0-68 

Cu'O 30 

2-86 

1-69 

Sulphur • • . 

not det. 

0-46 





98-43 

99-34 

98-7 

99-82 

99-26 

Analyses of the Completely Roasted Regulus {(xoar-rbst). 






Rammelftbcrg. 

Copper • • • • 

• 

• • 


61*97 

67-69 

Iron . • • * 

a 

• • 


20-39 

10-66 

Zinc and nickel . • 

• 



— 

0-67 

Oxygon . . . • 

• 



13-61 

8-67 

Sulpliur , . . . 




2-11 

1-64 

Matter insoluble in acids 

• 



11-92 

9-49 





100-00 

98-62 

Analyses of Black Copper. 





Berthier. 

Hoffmann. 

Ebbinghaua. 

Copper 

, , 

. 96-46 

89*13 

92*83 

Iron . . • • 



3-50 

4-23 

1-38 

Lead . • • . 




0-97 

2-79 

Silver .... 

• a 


0-49 not determined 

0*26 

Zinc, nickel, and cobalt 

• • 


, 

3-98 

1*05 

Sulphur 



0-66 

1-07 

1-07 



100-00 

99-38 

99-3« 


Rivot and Phillipses Method of Copper Smelting, 

This method consists in completing the extraction of the copper by means of me- 
t^c iron, after the greater part has been separated by the ordinary process of reduc- 
tion with coal or charcoal Napier (Dingl, pol. J. xxvii. 293) had shown that copper 
may be precipitated from fused silicates containing it, by the action of the elecmc 
current, the mineral being fused in a black-lead crucible connected witli the positive 
pole of the battery, and the negative pole being formed of an iron plate dipping into 
the ^ed mass. It was afterwards found, by numerous experiments made at the 
Ecole des Mines in Paris, that metallic iron alone, without the aid^ of the battwy, is 
capable of precipitating copper silicates in a state of fhsion, just as it does teotn 


♦ With other meUlf« 
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saline solutions at ordinal^ temperatures. In applying this method to practice^ how- 
ever, it was found that the expenditure of iron would be too heavy ; hence the modifi- 
cation above noticed wjs adopted, of only using the iron to complete the reduction. 
The process is as follows : The ore is pounded, roasted in the calcining furnace, and 
then heated till all the sulphates are decomposed ; by this means nearly all the sul- 
phur is expelled. The roasted ore is then fused with lime and non- bituminous coaL 
The fusion, which must be quickly conducted, yields two products, viz. reduced cop- 
per at the bottom, imd a fused mass of slag or silicate (called the hath) floating on the 
top; this contains the remainder of the copper, usually from 2 to 2.^ pts. in a thousand 
(;? in a hundred). This residual portion of copper is precipitated by the immersion of 
iron bars into the melted slag : the reduction occupies from three to four hours for a 
charge of 5 ctr. The slag, after this treatment, still retains from 0'005 to 0*0065 
copper ; the copper yielded by it is also contaminated with 0*004 iron and sulphur, 
and still requires refining. The estimated saving by this process, as compared with 
the ordinary method under given circumstances, is about 17 per cent, (Jahresb. £ 
Chem. i. 1021.) 

Extraction of Cojiper in the Wet Way : C£MENTa.TioK Coppeb. 

This method consists in precipitating copper firom solution by metallic iron. It ia 
not much practised, being economical only under peculiar circumstances. The drainage- 
water of mines in which the copper exists as sulphide, often contains sulphate of copper 
formed by oxidation of the pyrites. Solutions of copper are also prepared artificiidly 
by treating the poorer oxidised ores witli sulphuric or hydrochloric acid, or by roast- 
ing pyritiferous ores, and extracting the sulphate by lixiviation (p. 32). Dr. Richard- 
son, of Newcastle, exposes a mixture of pulverised copper pyrites and chloride of 
sodium or potassium, occasionally moistened with water (or salt-water may be directly 
used) to a temperature not lower than 80® F. ; the copper is thereby converted into 
chloride, which is lixiviated with wafor. Ammonia has also been proposed as a solvent 
for extracting oxide of copper from the ores. 

The precipitation is best effected by wrought iron; cast iron acts more slowly. 
The precipitation is accelerated by agitation, wliich has the effect of loosening a basic 
iron-salt which adliercs to the siurface of the metal, thereby exposing a fresh surface. 
The precipitated copper {cementation copper) is then melted and refined. This method 
is well adapted to the treatment of the poorer oxidised ores, like those of Twista in the 
Waldeck, especially whore fuel is scarce.. 

According to Gaulthier do Clauhry and Bechaud, the process may bo accelerated and 
the consumption of iron diminished [? at the expense of zinc] by the use of a voltaic 
battery, the copper being likewise obtained in more coherent form. Copper is some- 
times precipitated from its solutions in the metallic state without the use of iron, pro- 
bably because the solution contains a cuprous salt, which splits up into a cupric salt 
and metallic copper. 

The precipitation of copper from the solutions of its pure salts by electrolysis, as 
in the electrotype process, yields the metal in its state of greatest purity. 

For farther details on the metallurgy of copper, see Perefa Metallurgy^ i. 289 ; 
JJris Dictionary of ArtSy ManufactureSy and Mineay i. 818; KerFa Hititenkunde, 
ii. 168 ; Begnaulta Cours de Chimie, iii. 281. 

Impurities in Commercial Copper, 

A careful investigation of the nature and amount of the metallic impurities in 
numerous varieties of commercial copper, from various sources, has lately been made 
by Messrs. Abel and Field (Chem. Soc. J. xiv. 280), the general results of which are 
as follows : — 

1. Arsenic and silver are almost invariable impurities in copper. 

2. The occurrence of bismuth in copper is very general ; this metal appears, indeed, 
to be always present, excepting when ctirbonates of copper have been used in the pro- 
duction of the metal, as in the Australian and Russian coppers. Field has shown 
(ibid, p. 304) that bismuth is of very common occurrence in copper minerals. 

3> Antimony is not of so frequent occurrence in copper as is generally supposed ; 
bismuth existing in copper has doubtless often been mistaken for antimony, both 
|h^ metals being precipitated by water their acid solutions. 

4, Lead is of very rwe occurrence in cake-copper, but appears to be an almost in- 
yimSble con.stituent of copner which has been manufactured uito ^heet or rod. 

which, like sulphur, exists in considerable proportions in nnreflned copper, is 
rnim^it oompletely removed by the refining process. 

{The special re^ts of the investigation are giyen in the following table : — 
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Metattio impwitiet in different varktiee of Copper. 















Metallic irnpuritm in different varieties of CVjc^per — contanned 


Description of Copper. 


Silver. 

Arsenic. 

Anti- 

mony. 

Bis- 

math. 

Lead. 

Tin. 

Iron. 

English Best Select, No. 13 . 


C*05 

015 

trace 

0*12 



trace 

13 . 


0*00 

012 

trace 

0-18 


• « 

trace 



00ft 

014 

trace 

0*12 



trace 

„ }.* 14 . 


006 

010 

, 

0*1*2 


• a 

trace 

» „ 1ft . 


(>•02 

0*04 

0-02 

trace 



trace 

n 16 . 


003 

0-06 

• 

0-04 



trace 

Sheet and Bolt Copper. 









Sheet, No. 1 . . . . 


0 07 

trace 

trace 

0*13 

0-07 


trace 



0*0.8 

0-()8 

0-02 

0-09 

0-18 


trace 

„ 8 . ■ • . 


007 

0-12 

trace 

006 

008 


trace 

« 4 . . . . 


0*02 

0-14 

. . 

0-04 

O-Ofl 


trace 

„ 6 . . . . 


005 

0*09 

, 

0-13 

0-2.5 


trace 



0*06 

0-10 

0-01 

0*18 

0‘18 


trace 



0 03 

0*10 

trace 

010 

0*40 


trace 

If 8 , . . ■ 


005 

0*06 

trace 

trace 

0-15 


trace 

9 . . . . 


0*03 

0*12 

trace 

O-O-ft 

0-.88 



Bolt, No. 1 . . . . 


trace 

0-07 


0*02 

018 

trace 

trace 

„ 9 , . . . 


trace 

0*01 

• 

002 

0*22 

trace 

trace 

Corss. 









Copper coin, George III. 


j, . 

0-12 

trace 

trace 


, , 

trace 

,, „ George IV. 


O O (u 

0'09 

trace 

trace 


trace 

trace 

„ „ William IV. , 


0*04 


trace 


trace 

trace 

New bronze coin . . . 


i o o 

trace 


trace 

'• ■{ 

not esti- 
mated 

1 trace 
^ 0 03 

Spanish coin, 1856 . . . 
Chile coin, 1858 . . . 


,g ® 5 

m 

0*30 


trace 


trace 


trace 


trace 


trace 

0-04 

United States coin, 1849 


trace 


trace 


trace 

trai‘0 

Chinese coin .... 


9 !a 0 

trace 


004 


trace 

0-12 

Old Italian coin . • 

Bactrian coin (181 o. c.) 



trace 


, 


trace 

0-21 


^.9 5 

, . 


trace 



trace 

Dutch coin .... 


S ed g, 

, , 

. 

trace 

‘ 

V17' 

Copper rolled into thin ribbon 


< 

* 

1 * 

0()3 



• 


Physical Properties of Metallic Copper. 

Native copper forms crystal# belonging to the regular system, viz. cubes, octahedrons, 
rhombic dodecahedrons, and intermediato forms. Similar forms are exhibited by 
copper ciystallised from fusion. When a dilute solution of copper is left for some time 
in contact with wood, the copper is sometimes deposited from the liquid in cubes, 
octahedrons, and long four-sided prisms (elongated cubes), acuminated with four octa- 
hedral faces resting on the edges (Wagner, Schw. J. xlvii. 325). In other cases, 
wood precipitates copper in thin ductile plates, with warty surfaces. 

Copper in the massive state is very hard and clastic, and strongly sonorous. It 
has considerable toi^hncss, and may be beaten out into very thin leaves, and drawn 
out into very fine wire. It is h^iened by hammering or wire-drawing, but may bo 
softened or annealed by heating it to redness, and either leaving it to cool slowly, or 
plunging it into cold water. Its fracture is red, shining, indented, and slightly gra- 
nidar ; after hammering, it exhibits a fibrous fracture, with a light-red, silky radiance. 
The greater the purity of the copper, the greater is its malleability, and generally 
speaking its softness, and the less heat is required to deprive it of the brittleness 
produced by heating. Copper contaminated with other metals exhibits, not an in- 
dented, but a scaly, granular fracture, with but little lustre, and after hammering, a 
scaly, dingy rod fketure, also with feeble lustre. (For the Tenacity of copber. see 
Cohesion, i. 1076.) 

The ^edfio gramtv of copper free fipm internal cavities varies from about S'Ol to 8*95. 
According to jStarchand and Schecrer (J, pr. Chem.xxvii. 193), that of ciystallised 
native copper is 8*94 ; of electrotype copper, 8*914 ; of pure copper after fusion under 
a layer of common salt, 8*921 ; of unignited copper wire, from 8'939 to 8*949 ; of ignited 
wire, 8*930 ; of flattened wire, 8*961 ; of copperplate formed by rolling and afte^ards 
hammered, 8*952. Copper when cooled from ftision in contact with the air is very apt to 
assume a vesicular structure, by which its density is greatly diminished. This vedevhr 
structure was formerly attributed to a cause similar to that of the “ spitting ” of silver, 
the copper being supj^ed to absorb oxygen while in tho melted state, and to gite It ttu 
V agm^in cooling ; but it has been shown by Dick (Phil Mag. [4] xi. 409), and recently 
mcoae oompletdy demonstrated by Matthiessen and Russell (ibid. Feb. 1862), 
ithelthe Vesicular structure is produced only when the copper is melt^ Under char- 
and air or oxygen gas likewise has j^ccess to it,-— and that the ^ifcct is due to the 
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formation of cuproua oxido, and its subs^uent reduction by the charcoal, wlierohy caiv 
bonic oxide is produced, and, endeavouring to escape as the melted metal is about to 
solidify, forms cavities within it, and sometimes throws^ up the surface in vegetations. 
Copper, fused with free access of air and then cast in an atmosphere of coal gas, 
exhSited the same cavernous structure, the specific gravity of two portions thus cast 
being only 6*926 and 6*438, whereas two portions of the same fused metal cast in air 
had the specific gravities 8*618 and 8*665. Again, copper fused and left to cool under 
charcoal had a specific gravity of 8*962; the same cast in coal-gas, 8 929, whereas another 
portion of the same cast in air had a specific gravity of only 6*193. 

Sulphur acts in the same manner as charcoal. Tlie density of vesicular copper is 
greatly increased by hammering, but that of copper not possessing the vesicular struc- 
ture is but little increased even by vety powerful pressure, Marchand and Schecror 
found that the density of copper fused under common salt was increased by a pressure of 
300,00011)0, only from 8*921 to 8*930. 

The cubical expansion of copper by heat for 1°C. is 0*000051 (the volume at 0® C. 
being taJeen as unity), hence ihes linear ixpansion is 0*000017 (H. Kopp, Ann. Ch. 
Pharm. hmd. 1); according to Troughton, it is 0*000019188. 

Specific heat ^ 0*09515, between 0® and 100® C. (Kegnault.) 

Copper melts more easily than gold, Jess easily than silver. According to Pouillet, 
therefore, its melting point is between 1000® and 1200® C. ; according to Giiyton- 
Morveau, it is 1207® 0. (2204® F.) ; according to Baniell, 1398® C. (2538® F.). All these 
determinations of veiy high temporal ii res are liable to great uncertainty. Jf expands 
on solidifying. Copper containing red oxide melts at a lower temperature than pure 
copper, but does not form so thin a liquid ; it likeAvise solidifies more slowly. If the 
proportion of oxide is larger, the mass does not expand in solidifying. The expansion 
is also prevented by an admixture of 0*1 per cent, of potassium, zinc, or lead. Copper 
containing carbon bcihaves in the fused state like pure copper. 

Electric Conductivity, — Copper possesses greatpower of conducting heat and electricity, 
standing in this respect next to silver. Its electric conductivity has been studied wit h 
great care byMatthiessen and Ilolzmann (Phil. Trans. 1860, pt. i. ; sec also 
Matth lessen, Proc. Roy. Soc. xi. 126), who have examined particularly the effect 
produced upon it by the presence of foreign substances, a subject of great importiwice 
with reference to the use of copper wires for electro-telegraphy. The results arc given 
in the following table : 


FJectro-conductivity of Copper^ that of a hard-drawn Silver unre briny 


Wires hard 
drawn. 


1. Pure copper 


2 . 

3. 


it 


4, 

5. 


II 

If 


How 

prepared. 

Protoxide reduced by hydrogen 
Elcctrotyi>e copper not melted 
„ commercial „ 

No. 3. After fusion in hydrogen 
No. 3. Hydrogen passed through the) 
metal while melted . . . ( 


Mean of the twelve determinations from which the 
preceding numbers were deduced ... 

Extremes observed 

and 


Conducting 

power. 

93*00 

93*46 

93*02 

92*76 

92*99 


93*08 

^22 

93*81 


at 

II 

II 

II 

II 


II 

II 

II 


The conducting power was found to he increased 
about 2 per cent, by annealing the wires. 


0 

Copper containing red oxide, melted in contact with air 

73*32 

7. 

II 

i» 

2*60 per cent of phosphorus . 


7*24 

8. 

II 

II 

0*95 

If 

it 


23*24 

9. 

II 

II 

0*13 

tf 

It 


67*07 

10, 

II 

It 

5*40 

It 

arseuic 


6*18 

11. 

II 

II 

2*80 

it 

ft 


13*14 

12. 

II 

it 

traces 

It 

It 


67*8() 

13. 

II 

alloyed with 

3*20 

II 

einc 


66*98 

14. 

II 

II 

1*60 

f| 

It 


76*35 

16. 

II 

It 

traces 

It 

It 


85 05 

16. 

II 

It 

1*06 

It 

iron 


2^*95 

17. 

II 

ft 

0*48 

It 

ft 


34*66 

18. 

II 

•1 

4*90 

It 

tin 


19*47 

19. 

II 

II 

2*52 

II 

n 


32*64 

20. 

n 

M 

1*33 

II 

ft 


48*52 

21. 

II 

■ft 

2-46 

II 

silver 


76*38 


Teinjiera- 
tiire. (\ 

186® 

20*2 

18*4 

19*3 

17-5 


18*9 

Wz 

19*7 


19*5 

17*5 

22*1 

20*0 

16*8 

19*1 

19*7 

10*3 

16*8 

19*0 

13*1 

11*2 

U-4 

17*1 

16*ft 

19-7 
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Cooducttnff 

power. 

22. Coppep^oyedwith 1-22 percent of silver . • 86*91 at 

23 . „ ,, 3 * 60 ^ 

». {0-29 

26. Electrotype copper, from a 
charcocil and cast in coal 

26. Electrotype copper from a porous ingot of the same ) ^ 

copper melted in the ordinary way . . . j 

27. Electrotype copper cemented with charcoal and con- > 

taining silicon and traces of pliosplioriis and iron. J ® 

Ditto. ditto. . . . 63*2 


„ gold 

„ antimony \ 

„ lead { * 

dense ingot melted under ) 
gas (ii. 39) • . \ 


66*36 

64*6 

93*2 



20*7^ 

12;a 

12*8 

13*0 

13*0 

14*2 


These results show that the electric conductivity of copper is very greatly impaipiid 
even by small quantities of foreign substances. Tho conducting power of perfectly 
pure copper is estimated by Matthiessen as = 96*4 at 13*^ C. 

The following table exlribits tho conducting power of various kinds of commerciiii 
copper as compared with that of pure unmeltcd electrotype copper, which is taken as 
the standcird, and as equal to 100 at 15*5° C. 


Wire* 

annealed. 

1 . 


2 . 


8. 


4. 


6 . 

6 . 


Conducting 

power. 

Spanish (Kio tinto), containing 2 per oent.'j 
arsenic, besides traces of lead, iron, nickel, [• 14*21 

red oxide, &c ) 

Russian, (Dein idofTs make), containing traces y 
of arsenic, iron, nickel, red oxide of copper, f 59*34 

&c ) 

Tough-cuke (make not specifi<*d), containing^ 
traces of lead, nickel, antimony, red oxide [ 71*03 

of copper, &c ) 

Best s(*h*cted (make not specified), coiifuining') 

traces of irr^n, nickel, antinumy, rod oxide >81*35 
of copjicr, &c. .....) 

Australian, lJuiTa Burra. Traces of iron and f o 
red oxide of copper only were found . J 
American, Lake Superior, containing traces^ 
of iron and red oxide of copper, and O Osf 92*67 
per cent, silver. . . . . ) 


Temperature 

C. 


at 14*8® 
„ 12*7 

» 17*3 

,, 1 ' 1‘2 
» U*0 

„ 15*0 


Tinely divided copper, — Copper may be obtained in this state: 1. By reducing tlie 
carbonate at a very gentle heat in an atmosphere of liydrogen (Osann. Pogg, Ann. 
lii. 406). 2. By boiling a concentrated solution of snlpliate of copper not containing 
free acid, with distilled zinc. As soon as the liquid loses its colour, which it does in 
a short time, the zinc is removed, and the copper powder w*ell boiled with dilute 
sulphuric acid, then washed uninterruptedly with water, pressed between bibuloua 
paper, and dried at 75® C., or in a warm retort through the tubulure of which a stream 
of hydrogen is passed (Bottger, Ann. Ch. Plmrm. xxxix. 172). 3. By igniting a 

mixture of 6 pts. cuprous chloride and 6 dry carbonate of sodium with sal-ammoniac, 
and afterwards exhausting with water. (W d hler and Liebig, Pogg. Ann. xxi. 683), 
Copper thus prepared is a soft, dark-red, dull looking powder, wliieh casiiy acquire/f 
the ordinary lustre of the metal by pressure, and if pressed together while red-hol 
welds together into a compact mass. 


Chemical properties of Copper. 

Copper has much leas affinity for oxygen than iron, and decomposes water only at a 
bright red heat and to a small extent. In dry air it remains unaltered at ormnary 
temperatures, hut oxidises rapidly at a red heat. In damp air it acquires a green 
coating of basic carbonate, and its oxidation is remarkaldy promoted by the presence 
of acids. The weaker acids, such as acetic acid, have no effect on copper, unlesi 
assisted by the oxygen of the air, when the copper rapidly combines with the oiygei 
and a salt of the acid is formed (see Acetaitbs of Coppeo, i. 14). Copper does Api 
dissolve in cold hydrochhrk acid ; but when boiled with that acid, especially in titi 
finely divided state, it displaces hydrogen, and slowly dissolves as hemichloride CtfCI 
(Vo^el, Schw. J. xxxii. 301; Odling, Chem. Soc. Qu, J. ix. 291.) .^5;: 

acid of ordinary strength acts violently on copper, with copious etolutio^ 
btvie oxide and formation of cupric nitrate : ; 

«HNO» + Cu» » 3Cu''(NO»)* + 4H*0 + 



COPPER ; ALLOYS. 4f 

' nitrio acid (specific gravity 1*52) does not act on copper, the metal 

wh^ immersed in it remaining bright and quiescent ; probably the action l)egins in 
tb^ manner just described, and an extremely thin film of nitrate is formed on the 
surface of the metal, which being insoluble in the strong acid, stops the further action. 
The same j^assive state is exhibited by other metals when immersed in strong nitric 
acid, especially by iron (q. r.) On diluting the acid with water, a violent action is 
instantly set up. ^ 

Kitro^muriatic acid dissolves copper with facility, forming cupric chloride. Copper 
is not attacked by dilute sulphuric acid, or even by strong sulpiuric acid at common 
temperatures, but on applying heat, sulphurous anhydride is evolved and sulphate of 
' copper is produced : 

2H*SO« + Cu = SO* +2H*0 + Cu''SO*. 

This at least is the principal reaction which takes place ; but a portion of the sulphuric 
acid sufiTers more complete decomposition, sulphur being deposited, part of which 
remains in the free state, while the rest unites with the copper as sulphide. 

; Copper likewise oxidises in alkaline and in saline solutions exposed to tlie air. In a 
dilute solution of ammonia exposed to the air, it is converted into cuprous oxide and 
dissolves. 

Copper in the state of foil or filings takes fire in chlorine gas at ordinaiy tempordturcs. 
At a red heat, it unites directly with bromine^ iodine^ sulphur^ sdenium, sUicium, and 
all the metals ; with mercury at ordinary temperatures. With carbon and with nitrogen 
it does not appear to unite diroctl}", even at a red heat. 

Compotmds of Copper. 


Copper is diatomic and forms two classes of comjxmnds, viz. tlio Cupric compounds^ 
containing 1 at. copper with 2 at. of a monatomic or 1 at. of a diatomic radicle; e.g. 
Cu"Cl*, (^u"(NO*)‘^, Cu"0, Cu^SO^ ; and the Cuprous compounds, containing 2 atoms of 
copper united so as to form a bivalent group, (Cu — Cu) , and 2 at. of a monatomic or 
1 at. of a diatomic radicle, e.g. (Cu^y'Ci*, (Cu*)"0, &c. In these last compounds the 
double atom of copper is sometimes represented by the symbol Ccu and called 
Cuprosum, the single atom, Cu, being CJilled Cupricufu. Tliere are also a few com- 
pounds containing copper united with electro-negative radicles in other proportions, 
e.g. a nitride, Cii"N*. 


COPPER, AlilbOTS OI*. Copper unites easily with most other metals. Many 
of the alloys were formerly st.atod to bo chemical compounds formed in atomic j^ro- 
poidions, but it is most probable that all of them (excepting those of copper and arsenic, 
which element occupies an iutermediato place between metals and metalloids) are 
merely homogeneous mixtures. 


The presence of small (quantities of foreign metals, as arsenic, bismuth, zinc, iron, &c., 
in copper, produces considerable modification of its physical properties, for the most 
part impairing its malleability, tenacity, power of conducting beat and electricity, &c. 

1. With Aluminium. (See i. Idd). 

2. With Antimony. An alloy obtained by fusing tlie metals together in equal 
quantities is of a pale violet colour, very brittle, and of laminar structure. Accord- 
ing to Karsten, copper alloyed with 0'15 per cent, antimony is brittle when cold, and 
Veiy brittle at a red heat. 

3. With Arsenic. An arsenide of copper, Cu®As* occurs native, as Dorneykite, in 
the^ copper mines of Coqiiimho and Copiapo in Chili, and in some Cornish mines, in 
reniform and liotiyoidal shapes, also massive and disseminated. Hardness, 3 to 3*6 ; 
lustre, metallic ; colour, tin-white, with slightly yellowish or iridiscent tarnish ; frac- 
ture, uneven. Specimens from Chile, analysed by Domeyko, gave : 1. From Calabazo, 
28*36 per cent. As, and 71*64 Cu. 2. From Copiapo, 23*29 As, 70*70 Cu, 0*52 Fe, and 
3*87 S« 98*28. The formula Cu^As* requires 28*3 As, and 7 1*7 Cu.^ The Cornish 
mineral Condurrite {g. v.) appears to be a raixtiu’o of Homeykito with red copper 
ore, arsenious acid, and arsenate of copper. 

Alloys of coppel* and arsenic may bo formed by melting the two metals together, in 
which case, however, there is considerable loss of arsenic by volatilisation ; — or by 
*;heating copper with arsenious acid and charcoal, on other carbonaceous matter; or by 
^eating an arsenite or arsenate of copper with charcoal. The alloy called white 
"^'Oppep, or white tombac, which has nearly the composition Cu^As* is obtained 
: m this manner. Percy {Metallurgy, i. 281) doscrihes an experiment in which an 
mtimate mixture of 600 grs. of copper, 1000 grs, of arsenious acid, 1000 grs. of 
of sodium, and 500 grs. starch# exposed to a strong red heat, yielded 
brittle alloy, hating a ciystailino and dark bluish-grejf fracture, melting 
i the blott-pipe below a red heat, and evolving copious arsenical fumes. It was 
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found to eontfl^in 34*2 per cent, arsenic, wTiieh is rather more than the amount indi^ 
cated by the formula WAs* (66*2 Cu + 338 As). Berthier( Traith des EasaU par la 
vaies^ehe, ii. 410) describes an alloy obtained by melting 1 pt. of the tetra'Cupric 
arsenide, Cu^As*, with 4 pts. of copper, as semi-ductilo, reddish grey, with a slightly 
fibrous fracture, and susceptible of a flue polish. 

Trioiwrio arsenide, or Tricupr arsine, Cu*As^ (analogous to NH®, PH*, AsH.*, &c.), is 
produced by passing arsenetted hydrogen gas over dry chloride of copper, or into a 
solution of cupric sulphate : 

3CuCl* + 2AsH* = Cu*As* + 6HC1. 


It is a black substance. (Kan e, Pogg. Ann. xliv. 471.) 

Copper alloyed with 0*16 per cent, arsenic, becomes somewhat brittle when cold, 
and very brittle at a red heat. 

The arsenides of copper, fused with nitre in proper proportion, yield arsenate of 
potassium aud metallic copper free from arsenic. Heated with oxide or arsenate of 
copper, they give off arsenious oxide, and yield metallic copper. A mixture of 10 pts. 
Ou^As* and 6 pts. CnO yields, when heated, 10*9 pts. copper ; and a mixture of 10 pts. 
Cu*As® with 6 pts. di-cupi'ic arsenate Cu-'As'^O’ yields about 9*2 pts. copper, supposing 
the operation to be performed in perfectly closed vessels. When the fusion is effected 
in an open crucible, part of tho arsenic is roasted by atmospheric oxidation, and less 
oxide or arsenate of copper is required to ri nder the metal pure, (Berthier.) 

4. With Bismuth. The two metals unite at a temperature below the melting 
point of copper. An alloy of 1 pt. copper and 2 pts. bismuth begins to expand a 
considerable time after solidification (Marx, Schw. J. hdii. 470). Copper alloyed with 
small quantities of bismuth remains ductile at moan temporature.s, but when hammered 
becomes so hard and brittle as to require a second ignition, and if tho quantity of 
bismuth exceeds 0*6 per cent., the alloy cracks on the edges when hammered at a red 
heat (Karsten), Bismuth is a frequent impurity in metallic copper (p. 36). 

5. with Cadmium. An alloy containing 64*29 pts, copper and 46*71 cadmium 
has a light yellowish white colour, a fine-gramcd scaly structure, and is very brittle. 
The cadmium volatilises completely when the alloy is heated to tlie melting point 
of copper. Even a small quantity of cadmium renders copper brittle. (Stromeyer.) 

6. With Gold. (Sec Gold.) 

7. With Xrldium. (See Iuidium.) 

8. With Iron. Combination between copper and iron takes place with difficulty.— 
100 pts. of copper may be made to unite by fusion with any quantity of bar-iron from 

1 pt. to 100 ana upwards. Tho intensity of the copper colour increases till the quanti- 
ties of the two metals become equal ; but the more the quantity of the iron exceeds that 
of tlie copper, tho paler docs the alloy become on the fractured surface. The alloy of 

2 pts. copper to 1 pt. iron has tlie greatest tenacity ; if the proportion of iron be in- 
creased, tho hardness increases but tho tenacity diminishes, and the fracture then be- 
comes laminar. From ores containing tho sulphides of iron and copper, the following 
alloys containing different proportions of tho two metals may be prepared. One alloy 
of this kind was copper-red on the outer surface, had a pale uniform fracture, and was 
magnetic. Another exhibited externally a copper-red colour inclining to grey,' had a 
deep copper-coloured and laminated fracture, was magnetic, and interspersed with 
isolated granules of copper and a few granules of iron. A third was iron-coloured, 
hard, had a laminar fracture, was strongly magnetic, and exliibited isolated granules 
of copper and numerous granules of iron. (Mushet, Phil. Mag. [3] vi. 81.) — Ac- 
cording to former statements, tlio alloy of copj^er and iron is grey, slightly extensible, 
more difficult to fuse than copper, and magnetic even when it contains only pt of 
iron. The brittleness of iron at a red heat appears sometimes to proceed from admixture 
of copper. 


Carbon interferes with the combination of iron and copper. Cqipcr in^irs the 
quality of steel ; and in the proportion of 2 per cent, renaers it britfJe. (Sec Isoir, 
Oabburbt of.) 

9. With Xiead. The two metals fuse together at a strong red heat, but the mixture, 
unless cooled very rapidly, separates into two aUoys, the lower consisting of cuprifryouas 
le^ the upper of plnmbiferous copper. By rapid cooling, an apparently homogeneous 
mixture may be obtained, but on heating it again, the compound containing the larger 
proportion of lead fuses out, while that which contains the larger proportion of coppef 
remains ; this is the principle of the eliquation process (p. 32). 

Small quantities oi lead diminish the ductili^ of copper, both at common tempered 
tures and at a red boat. Copper containing 0*1 per cent, lead may be used for ordmaiy 
purposes, but cannot be formed into thin leaves or wires ; that which contains 6*3 pitf 
pent lead works better cold than hot, as in the latter ease it ctacks imme^tely alr^f 
edges. (Karsten.) 
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tead enters into the composition of many ancient bronzes, sometimes inUi^ pro- 
portion ; see Tables B and D, pp. 45, 50. 

10. With Ufangraaeaa. Reddish white, very malleable, acquires a green tarnish 
by exposure to the air. 

11 . With Mercury See Mercury. 

12. With Molybdenum. Palo, copper-coloured alloy ; malleable if tho molyb- 
denum is not in excess. 

13. With xrickel. Tho alloys are rery extensible, and incline to white in propor- 
tion to the quantity of nickel : 10 pta. copper with 1 pt. nickel form a pale copper-red 
alloy, perfectly ductile ; 10 pts. copper to 2 nickel, reddish white ; 10 copper to 3 nickel, 
almost white ; 10 copper to 4 nickel perfectly white, exhibiting on the touchstone the 
whiteness of silver. (Frick, Schw. xlviii. 114.) 

Old slags from disused mines at Suhl contain white granules of metal, which are 
extracted and sold as Sulilian nickel silver (Su^Utr Weiss-Kitpfer), Accordi^ to 
Brandes, Schw. J. xxxix. 17), this alloy contains 88 per cent copper, 8*75 ni^ol, 
0*75 sulphur and antimony, and 1*75 iron, silicon, and aluminium. 

For the alloys of copper, nickel, and zinc, see p. 51. 

14. With Platinum and the allied metals. (See those metals.) 

15. With PotaflBtum. According to SeruJlas, copper heated to redness with 
cream of tartar does not become alloyed with potassium. According to Karsten, copper 
thus treated takes up a quantity of potassium not exceeding 0*13 per cent., and is thereby 
rendered somewhat less ductile when hot. 

16. With Silver. See Silver. 

17. With Tin. The alloys of tin and copper are of great importance, constituting 
bronze, gun-metal, and bell-metal. The following details are taken from GnicUn's 
Hamlhdok (v. 481). 

Tlie arms of the ancients were sometimc.s made of bronze, an alloy formed of a 
large quantity of copper with a little tin. It is obtained by fusing the two metals 
togidber, generally in a reverberatory furnace; if the mixture is not stirred, two dis- 
tinct strata are apt to form, containing very different proportions of the constituent 
nietals. Tho combination of tlie metals in equal parts takes place without evolution of 
light and heat. (Gohlen.) 


Table A. — Vropertks of Alloys of Copper and Tin, according to Mallet (DingL 
polyt. J. Ixxxv. 378). 

1 at. copper = 31*6, and 1 at. tin =* 58-9. 


Cu. Sn. 

Per 

cent. 

Cu. 

Spec, 

Grav, 

Colour. 

Fracture. 

I’enacity. 

Order 
of Mai. 
leabillty. 

Order of 
Hard- 
ness. 

Order 
of Fusi- 
bility. 


1 : 0 

100 

8-607 




24-6 

1 

10 

16 

n. 

10 : 1 

84-29 

8-561 

r- y- 


f. gi-. 

16-1 

2 

8 

15 

b. 

9 : 1 

82-81 

8-462 

r- y- 


f. gr. 

15-2 

3 

5 

14 

c. 

8 : 1 

81-10 

8-459 

y. r. 


f. gr. 

17-7 

4 

4 

13 

d. 

7 : 1 

78-97 

8-728 

y- J’- 


V. c. 

13-6 

6 

3 

12 

e. 

6 : 1 

76-29 

8-750 

pale r. 


V. 

9-7 

brittle 

2 

11 

/• 

6 : 1 

72-80 

8-575 

pale r. 


c. 

4-9 

brittle 

1 

10 

.'7- 

4 : 1 

68-21 

8-400 

ash-gr. 


c. 

0-7 

friable 

6 

9 

h. 

3 : 1 

61-69 

8-539 

dark gi\ 

lam. gr. 

0-5 

friable 

7 

8 

i. 

2 : 1 

51-75 

8-416 

grey w. 


V. c. 

1-7 

brittle 

9 

7 

k. 

1 : 1 

34-92 

8-056 

whiter 

lam. gr. 

1-4 

brittle 

11 

6 

1. 

1 : 2 

21-15 

7-3871 




V. gr. 

3-9 

brittle 

12 

5 

m. 

1 : 3 

16-17 

7*447 


still 


V. gr. 

3-1 

8 tough 

13 

4 

n. 

1 : 4 

11-82 

7-472 


whiter 


V. lam. 

3-1 

6 tough 

14 

3 

0. 

1 ; 5 

9-68 

7-442; 




, earthy 

2-6 

7 

16 

2 


0 : 1 

0 

7-291 



• 

2*7 

• 

16 

1 


In this table, r. under Colour, denotes red, y. yellow, gr. grey. Under Fracture, 
f. gr. denotes fine-grained, c. concboidal, v. vitreous, lam. laminar. The numbers 
under Tenacity, denote the weight in tons required to break a rod whose trans- 
verse section measures a square inch. The malleability was determined at 60° F. 
(16'6C.) Virler Hardness and Fusibility, the number 1 denotes the minimum, a, 5, 
and 0 are gun-metal ,* d, is hard brass for pin-makers ; e to t are bell-metal ; k and /, 
bell-metal for small bells; m, n, and o, speculum-metal. (Mallet.) 

Atoms ” In this column and In the corresponding column of Table C (p. 47) must be under- 
•loott as merely indicating proportlona ; the alloys are not definite compounds. 




a» Copper, alloyed with a veiy small qtiantity of tin, becomes so hard and brittle 
when hammered cold, that it recjuires to be again heated to full redness. (Karst en.) 

b. 32 pts. copper to 1 tin J resists the solvent action of hydrochloric acid much more 
completely than pure copper, and is therefore adapted for the sheathing of ships. 
(Mushet, Phil. Mag. [3] vi. 444.) 

(?, 19 pts. copper to 1 tin : golden yellow, hard, malleable. 

d. From 8 to 11 pts. copper to 1 tin: yellow and slightly malleable : Gun-metal, 
The best proportion appears to he 9 pts. copper to 1 tin. The alloy of 11 pts. copper 
to 1 tin appears uniform after sudden cooling, to the unassisted sight; but when 
examined with a lens, it appears to be composed of striated faces of a reddish alloy 
mixed with a white one. If it be still more rapidly solidified by pouring it into thick 
iron moulds, an alloy is obtained which appears perfectly uniform, even under the lens. 
When quickly coolea in water after continued strong ignition, it remains uniform ; but 
if suffered to cool slowly after continued ignition, it becomes variable in composition, 
like that which has been slowly cooled after fusion. Honco the alloy which is uniform 
at the melting heat, and likewise at a strong red heat, separates into two different 
alloys when slowly cooled. The large mass of a cannon cannot be cooled, even by 
moulds which conduct heat well, suddenly enough to prevent the formation of two 
distinct alloys, the one that is richer in copper solidifying first, while that which is 
richer in tin, containing S'i'S per cent copper to 17*7 tin, partly rises to the top, and 
partly sinks into the mould. (Kars ten, Schw. J. Ixv. 387.) 

e. 6*25 pts. copper to 1 tin : the densest of all the alloys ; its specific gravity is 8‘87. 
(Briche.) 

/ From 4 to 5 pts. copper to 1 tin : Bell-metal. Yellowish -grey, and, when very 
slowly cooled from a red heat, very hard, difficult to file, sonorous, brittle, exhibiting 
a fine-grained fracture. When heated to redness, and then suddenly cooled by im- 
mersion in water, it becomes soft, and easy to file and turn, hut may bo hardened 
again by ignition and slow cooling. The Cln’nese cymbals called Gong-gongs are made 
of this alloy (D’Arcet, Gilb. Ann. Ivi. 104 ; further Ann. Ch. Pliys. Hv. 331). Bell- 
metal becomes malleable at a temperature not far below redness (Wollaston, Gilb, 
Ann. Ivi. 106). — An alloy of 4 pts. copper and 1 tin fused, and then very slowly cooled, 
exhibits a striated surface, a dingy white close fracture, and is very brittle. When 
poured out into cold iron moulds, it exhibits the' same properties ; but if immersed in 
cold water, after being kept for some time at a low red heat, it becomes yellowish- 
white and extensible. During the ignition, if somewhat too strong, white globules of 
an alloy richer in tin are seen to ooze out, but at a higher temperature, when the 
whole mass becomes liquid, they disappear. Hence the alloy appears to ho resolved at a 
temperature below its melting point, into two other compounds, which, on slow cooling, 
reunite and form a brittle alloy, but remain separated if the cooling be more sudden. 

g. 8 pts. copper to 1 tin: reddish- white; very brittle; specific gravity 8*879 
(Chaudet). with a small quantity of arsenic it forms a spexiulum-metal. (Little.) 

h. 2 pts. copper to 1 tin : steel-grey, very hard. Remains uniform, even after slow 
cooling from a stiito of ftision (Karaten). — 2 pts. copper, 1 tin, and arsenic, form 
'a S'peculumrTnetal ; so likewise do 62 pts. copper, 33 tin, 2*6 arsenic, and 8 brass. 
(Little.) 

f. 1 pt. copper to 1 tin : bluish-white, like zinc; slightly malleable, not very hard ; 
specific gravity 8*468 (Chaudet), 8*79 (Briche). Kemains uniform after slow as well 
as after sudden cooling. (Karsten.) 

h 1 pt. copper to 2 tin : white ; brittle. Uniform, even after slow cooling. (Karsten.) 

1. 1 pt. copper to 3 tin : bluish white, exhibits a crystalline aspect and fibrous 
texture ; cracks under the hammer. Specific gravity 7*813. (Chaudet.) 

nt. 1 pt. copper to 3*6 tin. In a tinned copper boiler, regular six-sided prisms were 
found to be formed, with indistinct cleavage parallel to ^ (Miller, Phil. Mag. [3] 
vi. 107). Yellow-OTeenish-white ; shining ; ductile ; of specific gravity 7*63 ; fusing 
at a red heat ; sloi^y attacked by dilute, easily by strong nitric acid ; dissolves rapidly 
in boiling hydrochloric acid. (Gives by analysis 21*38 per cent, copper, and 77*63 tin, 
which agrees nearly with the formula CuSn* (31*33 Cu and 78*67 Sn). (Both, Pogg. 
Ann. xxxvi. 478.) 

n, 1 pt. copper to 10 tin : malleable to a certain extent, but cfacks under the ham- 
mer; specific gravity 7*472. (Chaudet.) 

Boiling hycfiochloric acid extracts tin from these alloys, and leaves a compound 
containing a large quantity of copper with a small quantity of tia (Chaudet, Ann. 
Ch. Phys. viL 276.) 

• The following table exhibits the composition of numerous bronzes, ancient and 
modern. Some of them contain larger quantities of zinc and lead than of tin, but 
they are placed here for the sake of comparisoii with the rest. See also Table D 
(p. «0). 
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Tablb 3 ,'^Ootnjff 08 ition of Bronze Coine^ IVeajJons, Farts of Machinery^ ^c. 



Authority. 

Spec. Gr. 

Copper. 

P 

Zinc. 

Lead. 

e 

o 


1, Old Attic coin* 

A. Mitscherlich 


88*4t 

10*0^ 


1*0^ 



2. Athenian 

Mits. & Schmid 


76-4] 

7*0^ 

. . 

16-64 



3. „ . . . 

K. Wagener . 


83*65 

10*8£ 

. . 

6-65 



4. Coin of a Macedonian king 
6. Coin of Alexander the 

0. Monse 


S79i 

>11*4^ 




Gold 

Great .... 

R Schmid 

. 

9o*9( 

3*2t 

. . 

0-76 


trace 

6. Coin of Alexander the 








Groat .... 

R. Wagener . 


86-7« 

10*24 


2*31 



7. Attic coin 

Marchand 

, 

87*8t 

ll*6fi 



0*27 


8. 

9. Of Aug. Domit. Cons. . 

•» 

, 

88*81 

9*61 



1*18 


»t • 

. 

88*8 

10*3 


0*9 



10. Nerva Trajan. 



85*1 

11-6 


3*4 



11. Marcus Antoninus . 



84*9 

10*6 


4-6 



12. Marc. Aurel. Commodus. 


. 

89*5 

9-6 


0-9 



13. Alexander Severufl. 

if 


89*0 

10-2 


0-8 



14. Phil Augustus 


. 

88*8 

8*0 


3*2 



15. Eoman As, b. c. 600** 

Phillips . 

8-5 

()9*6fl 

7-16 


21-82 

0*47 


16. Semis, n.c. 600 . 

f» • * 

8-64 

02 01 

7-66 


29*32 

0*18 


17. Quadrans, n.c. 600 

»» * 

8*58 

72*22 

7*17 


19*66 

0-40 


18. Hiero, n. 0 . 478 


8-72 

94*15 

5*49 



0*32 


19. Ah'x. the Groat, b.c. 335 

20. Phih'iJ III. of Macedon 

u • • 

869 

SG-77 

12*99 





n.c. 323 


8-71 

90*27 

9-4? 





21. Philip V. B.c. 200 . 

»l • 

8*69 

8516 

11*12 

. 

2*85 

0-42 


22. Athenian (?) . 


8-61 

88’3J 

9*9<: 


0*63 

0-26 


23. Ptolemy IX. b.c. 70 

If • 

8-81 

84*25 

15-61 



trace 


24. Pompey, n. c. 63 . 

l» • • 

8-70 

71*17 

8*47 


16*16 

0-28 


25. Attiha family, b. c. 45 . 

26. Julius and Augustus, 


902 

68-69 

i 4-86 

• 

25*43 

0*11 


B. c. 42 

l» • • 

8-64 

79*13 

8-00 

, 

12 -SO 

trace 


27. Augustus and Agrippa 









B.C. 30 

t» • • 

8-66 

78*45 

12*96 


8-62 

trace 


28. St Samosata . • 

29. Victorinus, Sen. • 

11 • 

8-53 

70-91 

6*75 


21*96 

II 

Silver 


8-77 

95*37 

0*99 


trace 


160 

30. „ . . 

If • • 

8-73 

97*13 

0*10 


)) 

l’*01 

1*76 

31. Tetrius, Sen. , 


. . 

98-60 

0*37 



0*46 

076 

3!^- „ ... 

33. Claudius Gothicus . 

II • • 


98-00 

0*50 



0*05 

1-15 

II • • 

8-81 

81*60 

7*41 


’8*11 


1 86 

' 

II • • 

8-71 

84*70 

3*01 

trace 

2*67 

0*31 

7*93 

35. Tacitus , . , , 

u • • 

8'72 

86*08 

3*63 


4*87 


4*40 

36* „ . . . . 

If • • 

8'70 ! 

91*46 




2*3*1 

592 

37. Probus .... 

II • • ’ 

8*721 

90-68 

Vo’o 

Vs’o 

’2*33 

0*61 

2*24 

38. 

11 • • ’ 

8*74 1 

94 -Go 

0*46 


0*44 

0-80 

3*22 

39. Broken sword-blade 

11 • • 

. . i 

85*62 

10*02 



0*44 

40. Fragment of sword-blade 

II • • 

( 

}1*79 

8*17 


. 

trace 


41. Broken spettr-head. 

II • ' 

1 

99*71 





Sulptiur 

0 28 

42. Celt (Ireland) 

11 • » 

( 

90*68 

7*43 


1-28 1 

trace 


J?* - • • 

If . • 

< 

90*18 

9*81 



If 


.. . . 

If 


i9*33 

9*19 


• • 

0 33 

0*24 

Cobalt 

»I • 

. . i 

13*61 ] 

LO-79 


3*20 

0 58 

0*34 

Nickel 

46. Celtic weapon* , , 

Presenius 

( 

)2*00 

6-70 


0*69 

0*29 

0*31 


* J. pr. Chem. x\. 374, i> Chem. Soc. Qu. J. iv. 252. 

c Otto Lf>rhb iL aiiorg. C'Iilmu. 3 Aiifl, if. [2J 
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Table B. (continued). 




Authority. 

1 


.9 

N • 

Lead. 

§ 


47. Celtic vessels 


Clarke . 

B 

BBi 





1 48. Coffin from the Altai 


80-27 

19-66 





49. 

.. 

Gobel . 

73-00 

26-74 





50. Egyptian daoeger . 

Vauquelin 

86-00 

14-00 





51. Gullo-Eoman axo . 

Girardin 

77-77 

19-61 

1-44 

1-18 



52. Axe 



74-9 

26-10 





53. Small statue] 

found in 

Erdmann 

92-68 

6-33 



0-99 


64. 

the Olden- 

II * 

85-41 

12-13 


1-09 

0-61 


55. Weapon 

' burg dis- 

II 


6*84 


. 

0-44 


66. 

trict.* 


90*66 

8-23 


. 

0-28 


57. Gallic bell® 


Girardin 

86-90 

14-10 





68. Etruscan vessel 

II • • 

Mm 

14-20 

0*80 




59. Mirror . 


II • 

78-60 

21-50 





60, Buckle . 



37-20 

18-80 


ggPiTfll 

trace 










Antimony 

61. Bing 

• • • 

II • 

4510 


• • 

10 90 


trace 

62. Girdle-buckle . 

II • • 

69-30 

20-80 


9-90 



63. Buckle . 


I) • 

72-00 


. 

28-00 



64. Bells of the 12th century 

M • * 


22-30 

1-60 

trace 

1-60 


65. 


l» • 

71-00 

•26-00 

1-80 


1-20 


66. Hooks of the 14th century 

l» * • 

71-90 

6-10 


27*90 



67. Celtic weapon 

Donovan . 

86-23 

13-11 


1-14 


f Carbon 
\ Sulphur 

68. Drinking horn 

II • • 

79-34 

\mm 

. . 

9-11 



69. Bronze ring 

. • . 

Salvctat . 

76-55 

23-52 

, 




70. 

. . 

• 9 • • 

79-93 

15-53 

, 

3-50 



71. Column in the Place Ven- 








d6me^ 


D’Arcet • 

89-16 



0-10 



72. Axle-tree bed of — 








English locomotive » . 

E. Schmid 

73-60 



7-0 

0-42 


73. Belgian 

»» 

II • 

mmm 

2-50 

7-80 

. . 

0-80 


74. Seraing 

If • 

II • • 


14*0( 





75. Stuffing-box, Belgian 

II • • 

90-2C 

3o( 

6-40 




76. Pigton of Locomotive, 








Seraing 

« 

If • 

89-OC 

2-40 





77. Begulator, Belgian loco- 








motive 

. • • 

II • • 

86-8( 

llFCR 





78. Stephenson’s journals . 

II • • 

79-0( 

8-0 

6-80 

8-00 



79. Fenton s 

If 

II • • 

5-6( 

14-6 

80-00 












Antimony 

80, Dcurance’s 

If 

11 • • 


33-33 

, 

. 

. 

44-44 

81. Frictional bearings 

II 

IlSiiBil 

lifSBiff 

, 

. 

, 

2-00 

82. Concussion 


If • • 

74-OC 

3-70 

22-22 




83. Bearings in hot situations 

II • • 

85’OC 

2-50 


1-25 



84. Small mathine- wheel 

Kochlin . 

90-00 














Bismuth 

86. Die for gold-working 

• . 

83-33 

16-66 

. 

. . 

. . 

0-5 

86. White table^gong , 

• • 


Ifitiliir 





87. Chinese gong^ « 

Thomson 

80-6 

19-5 





88. Tam-tams* 

• • • 

Klaproth 







89. Speculum'* 


Otto 

65-16 

32-7€ 





90. Flinch coin 

• • • 

Konig • 



ggpiii 


0-5( 

) 

91. Old bell at Bonen* 

Gimi^ 



1-8 

* • 

1-2 



4 J» pr. Chem. Ixxi* 231. 

• J. pr. Chem. lx. 91. 

t Otto Lehrb. d. anorg. Ghemie, 8 Aufl. ii. fS] 355. 
I Jaiureib. d. Chem. 1860, p. 687. 


h Ann. Phil. II. 209. 

1 Handw. d. Chem. 3 Aud. li. [3] 502. 
^ Ann. Ch. Phaito. clt. 66. 

1 Ann. Cb. Phyi; C2] 1. 205. 
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19. With XlBO (Gmu v. 47.7).— The most important alloy of these metals is brass, 
which contains about 2 pts. by weight of copper to 1 pt. of zinc. Other proportions, 
form 2\mbaei Pinchbeck^ Fri^we's nuial, Similor, Mannheim goldy Mosaic gold^ &c. 

The alloys are prepared : 1. By adding zinc to melted copper, or by fusing the metals 
together in a covered crucible, the zinc &^mg placed below, and the copper in small 
pieces at top. For brass, the proportion is 7 pts. copper to 3 pts. zinc. Part of the 
einc always bums away. The fhsion is performed in crucibles, seven of which are 
usually placed in a circular air-fumaee. — 2. By igniting copper in small pieces with 
zinc-oxide and charcoal or coal powder. In this older method of making brass, roasted 
native calamine or furnace-calamine is ignited in covered crucibk^ with charooai powder 
and copper, the latter being cut into smSl pieces or OTanulated. — 3. Copper exposed at a 
red heat to vapours of zinc is completely penetrated by them, but does not lose its form 
— Lyons Gdd~lace is prepared by exposing rods of copper to the vapour of zinc till they 
are converted into brass on the surface, and then drawmg them out into wire. A copper 
coin placed in a crucible above a mixture of zinc-oxide and charcoal, and moderately 
ignited, is converted into brass without obliteration of the device. — 4. By precipitation. 
Spurious gold-wire is prepared by boiling copper-wire (previously cleaned with nitric 
acid) with hydrochloric acid, cream of tartar, and a mixture of 1 pt. zinc and 12 pts. 
mercury. When sulphate of copper dissolved in 20 pts. M^ater, is precipitated by zinc, 
tlie black flakes at first thrown down are an alloy of copper and zinc. 

Cop|)er alloyed with a small quantity of zinc exhibits a paler red and yellowish-red 
colour ; a larger quantity renders it yellow, the colour being brightest when the two 
metals are united in equal parts; a still greater quantity of zinc makes it white 
(Lewis). In certain proportions, the alloy of copper and zinc is more ductile at ordi- 
nary temperatures than pure copper, but generally brittle at a red heat. Very small 
quantities of zinc do not impair the ductility of copper at ordinary temperatures, ex- 
cepting that, when thus alloyed, it sooner becomes bard and brittle by hammering, and 
thcretbro requires to bo oftener heated to redness ; but even 0*6 per cent, of zinc is 
sufficient to cause copper to crack when hammered at a red heat (Karsten). The 
most ductile of all the alloys of copper and zinc are those which contain 84*6 per cent, 
of copper to 16*5 of zinc (tombac), and 71*6 copper to 28’5 zinc (brass). Tho alloy 
formed of equal weights of tho two metals cracks in rolling. An excess of zinc renders 
the alloy brittle, the most brittle of all being that which contains 1 at. copper to 
to 2 at- zinc (Karsten.) Small quantities of lead diminish the ductility of the 
alloy ; tin increases its hardness. (Karsten.) 

411 alloys in which tho amount of zinc does not exceed 60 per cent, exhibit the 
reaction of copper towards acids and in the voltaic circuit, and they do not precipitate 
the salts of copper. But alloys containing excess of zinc decompose copper-salts, being 
thereby converted into perfectly pure copper ; they likewise dissolve completely in 
acids which have no action on copper alone, the solution' taking place tho more quickly 
as the excess of zinc is greater. If the quantity of acid is insufficient to dissolve the 
whole, the copper first dissolved is reprecipitated, the liquid at length retaining nothing 
but zinc (Karsten). Brass turns red when rubbed with hydrochloric acid, because 
the acid dissolves the zinc in prefei'ence to the copper ; but when rubbed with am- 
monia, it turns white, because the ammonia dissolves out the copper. (Berzelius.) 


Table C . — Properties of Alloys of Copper and Zinc, according to Mallet (DingL polyt. 

J. Ixxxv. 378). 


AL* 

Cu. Zn. 

Per 

cent. 

Cu. 

Specific 

gravity. 

Colour. 

Fracture. 

Tenacity. 

Order of 
Mallea- 
bility. 

Order of 
Hard- 
ness. 

Order of 
fusi- 
bility. 

1 : 

0 

100 

8*667 

r. 


24*6 

8 

22 

16 

10: 

1 

90*72 

8 606 

r. y. 

c. gr. 

12*1 

6 

21 

14 

9: 

1 

98*80 

8*607 

r. y. 

f. gr. 

11*6 

4 

20 

13 

S : 

1 

88*00 

8*633 

ry- 

f. gr. 

12*8 

2 

19 

12 

7: 

1 

87*30 

8*687 

r. y. 

f. gr. 

13*2 

0 

18 

11 

6: 

1 

86*40 

8*691 

y. r. 

f. f. 

11*1 

6 

17 

10 

6: 

1 

83*02 

8-416 

y. r. 

f. f. 

13*7 

11 

16 

9 

4: 

1 

79*66 

8*448 

y- r. 

f. f. 

14-7 

7 

16 

S 

3: 

1 

74-68 

8*397 

pale y. 

t t 

13*1 

10 

14 

7 

2: 

1 

66*18 

8*299 

deep y. 

f. f. 

12*6 

3 

23 

6 

1 : 

1 

49-47 

8*230 

deep y. 

c.g. 

9*2 

12 

12 

6 

1: 

2 

32*86 

8*263 

dark y. 

c. gr. 

19*3 

1 

10 

6 


» See Note p. 43. 




48 COPPER: ALLOYS. 


TablIvC. (contimied). 


At. 

Cu. Zn. 

Per 

cent. 

Cu. 

Specific 

gravity. 

Colour. 

Fracture. 

Tenacity. 

Order of 
Mallea- 
bility. 

Order ol 
Hard- 
ness. 

B 

8 

17 

31-62 

7-721 

silv. w. 

c. 

2*1 

V. br. 

6 

6 

8 

18 

30-36 

7-836 

silv. w. 

V. c. 

2-2 

V. br. 

6 

6 

8 

19 

29-17 

7'019 

light gr. 

c. 

0*7 

V. br. 

7 

5 

8 

20 

28*12 

7*603 

ash-gr. 

V. 

3-2 

br. 

3 

6 

8 

21 

27-10 

8*058 

light gi*. 

c. 

0-9 

br. 

9 

6 

8 

22 

26-24 

7-882 

light gr. 

c. 

0*8 

V. br. 

8 

6 

8 

23 

26-39 

7-443 

ash-gr. 

f. gr. 

6*9 

s. d. 

1 

6 

1 

3 

24-60 

7-449 

ash-gr. 

f. gr. 

3-1 

V. br. 

2 

4 

1 

4 

19-65 

7-371 

ash-gr. 

f. gr. 

1*9 

br. 

4 

3 

1 

5 

lC-36 

6605 

dark gr. 

f. gr. 

1-8 

br. 

11 

2 

0 

1 

0 

6-895 


16*2 

• 

23 

1 


In this table, r under Colour^ denotes reel, y. yellow, gr. grey, silv. w. silver-white. 
Under Fracture^ e.gr, denotes coarse-grained, /. gr. fine-grained, f. f. fine-fibred, c. con- 
choidal, V. vitreous, lam. laminar. Tho niimberH under Tenofniy denote the weight in 
toiw required to break a rod whose transverse section measures a square incli. Under 
Malleahiliiyj hr. signifies brittle, v. hr. very brittle, s. d. slightly ductile: the mallea- 
bility was determined at (16*G C.). Under Hardness and Fusibility ^ the number 

1 denotes the minimum. 

The compound corresponding in percentage composition to ZnCu^ is Prineds mctaly 
or Bath metal ; ZnCu^ is German and Dutch brjiss ; ZnCu** is rolled brass ; ZnCu* 
is English brass ; ZnCu is German brass ; Zn-Cu is German brass for watclimakcrK. 
(Mallet.) 

^ From expenmenta by F. H, Stor er (Memoirs of the American Academy ^ New Series, 
viii. 97 )f it appears that alloys of copper and zinc, formed by melting tlio two metals 
together in the most varied proportions, then leaving the mass to cool partiaDy, and 
pouring out the still fluid portion (as for the crystallisation of bismuth, i. 690), yield 
crystals of similar aspect, sometimes exhibiting distinct octahedral faces, sometimes in 
couftised aggregates of crystals, but all of oct^ihedral character, and bearing a striking 
pe43emblance to the ciystals of pure copper obtained by fusion. From this resemblance, 
and fi*om the observations of NickUs (Jahresbor. d. Chem. 1847 — 8, p. 434), that 
zinc crystallises informs belonging to the reguhir system, Storer concludes that all 
the alloys of copper and zinc also ciystallise in that system, and arc not definite 
atomic compounds, but merely isoraorpnous mixtures of the two metals,— a conclusion 
further supported by tho fact that none of the crystals wore found to contain a larger 
proportion of cither metal than the remainder of the molten liquid from wliich they 
nad separated. The alloy containing from 6 to fi per cent, of zinc was found to crys- 
tallise particularly well ; tho white alloys are difficult to crystallise, liaving a great 
tendency to assume the pasty condition on cooling. Alloys containing from 58 to 43 
per cent, copper are much inclined, especially when quickly cooled, to form fibrous 
aggregates of crystals. The colours of tho dififerent alloys (on recently filed surfaces) 
exhibit a perfectly regular transition, wthout any sudden leaps, from tho pure red of 
copper to yellow, and ultimately to white. The purest yellow is exhibited by those 
containing from 76 to 80 per cent, copper. The hardness increases with the propor- 
tion of zinc. Sudden cooling in water renders tho alloys, for the most part, softer and 
less tenacious. 

Brass — This alloy is harder than copper, and therefore resists wear better. It is very 
malleable and ductile, and may be raised by stamping into various objects, such as 
curtain-bands. At a red heat, however, it is very brittle. It is well adapted for cast- 
ing, being easily fmsible, and capable of receiving very delicate impressions from the 
mould. It is said to resist atmospheric influences better than copper; but when 
its surface is unprotected by lacquer, it rapidly tarnishes and becomes black. 

^ During the process of stamping brass, that is, of subjecting it to heavy blows in 
dies, as for the manufacture of curtain-bands, &c., tho metal requires to be annealed 
from time to time, and at the completion of the process the article remains discoloured 
by adhering oxide. This is removed by “ dipping*' the metal in aqua fortis of suit- 
able strength, and then washing it with water. A bright metallic surface is thus pro- 
duced, ready to receive the lacquer (a solution of shellac in alcohol). The colour may 
be varied by using acid of different strengths. 

Tlie pale yellow dead surface often seen on oraamental articles is produced by 









€OPPER: ALLbt S. 46 

« pickling the metol, after stamping, in WAk aqua fartis (say 1 pt. strong nitric acid 
to 7 or 8 pts. water) ; then, after washing with water, immersing it in much stronger 
acid, till a white ‘‘curd,” due to a stratum of small gss bubbles, fonns on the surface; 
again washing with water; roughly drying the object by moving it about in cold saw- 
dust ; then dipping it again in strong nitric acid for a few socands ; washing first in 
water, then in a cold solution of argol or impure cream of tartar; and lastly drying in, 
liot sawdust. 

The suiTace of brass is often coloured or bronzed after dipping ” and before lac- 
quering. This is done by immersing the article in a solution of arsenious acid in 
hydrochloric acid, by applying a dilute aqueous solution of chloride of platinum, or an’ 
aqueous solution of corrosive sublimate mixed with vinegar, or by rubbing plumbago 
over the surface. Either of tlieso applications produces a dark grey coating, which 
assumes a bronze-tint when lacquered. The corrosive sublimafco solution is used for 
common work ; tlie platinum-process for theodolites, levels, and other instnimcnt^. 
(Pt reys Mctalbmjy,) 

Mimts's mtiah — This alloy and its application “for sheathing the bottoms of 
sliips, and otlier such vessels,” was the subject of a patent granted to (he late 
0. E. Muntz of Birmingliam, in 1832. The proportions specially recommended in the 
specification are 60 per cent, copper and 40 zinc; but these proportions may be A'aried 
from 50 up to 63 per cent., and from 50 down to 37 per cent. zinc. The metal is cast 
iulo ingots, and rolled vAile hot into sheets, which, when finished, are “pickled” in 
• liliite siilphuric acid, and afterwards wjislicd in water. In the same year Mr. Muntz 
obtained a second patent for “an improved manufacture of bolts, and other the like 
for sliips’ fastenings,” the same proportions of copper and zinc being used; and in 
18 JO, a third patent for the use of an alloy consisting of 56 per cent, copper, 43J zinc, 
■Did .Sj? lead. This bust alloy docs not appear to have been manufactured on a large 
s<‘alo, but Dr. Percy states that lio has succeeded in rolling brass well, wliich con- 
tiiinocl not less than 8 per cent, of lead. 

Muntz’s metal, or yellow-metal sheathing, has entirely superseded copper slicath- 
iiig in the merchant scr'vnce, though the latter is still retained in the navy. Its 
Hpeciiil advantagi'S are said to be that it keeps the bottoms of ships cleaner and 
costs much less than copper sheathing. It is now generally made in reverberatory 
furnaces, the zinc being caut iously added to the melted copper, and the melted metal 
tapped into a vessel lined with clay, out of which it is ladled into suitiible cast iron 
ingot-moulds. 

Mosaic gold . — Prepared by fusing equal weights of copper and zinc in a crucible 
at the lowest possible temperature, stirring constantly, and then adding a further 
quantity of zinc in small portions, till the colour of the fused mixture, after passing 
through the various shades of brass-yellow, purple-red, and violet, has become per- 
fwtly whito. The alloy, after casting in the mould and cooling, exhibits the colour 
of gold, and does not tarnish by exposure to the air, even in the neigh Ixmrhood of the 
sea. (Hamilton and Parker, Ediub. J. of Sc. 1826.) 

Brass solder . — 2 pta. brass to 1 zinc, or if it is to be more ductile, 6 pts. brass, 
6 silver, and 2 zinc. 

Imitation bronze^ Tombac, Pinchbeck, Princess metal, Shnilor, Mannheim gold. — 
These terms are applied to alloys of zinc and copper, containing 80 per cent or more 
of copper ; also to alloys of copper with zinc, tin, and lead. The cheapness of zinc 
cc nipared with tin, has caused the.se alloys to be extensively used of late years as sul)- 
stitutes for true bronze, which is an alloy of copper and tin, especially for ornamental 
articles, which are gilt or artificially bronzed on the surface. Alloys whoso composi- 
tion ranges from 85-5 per cent, copper, 11*5 zinc, and 4 tin, to 66 copper, 32 zinc, and 
2 tin, may likewise be used for the casting of statues, as they run well into the mould, 
and are easily filed and chiselled. Those which approach to the latter composi- 
tion, 66 per cent copper, &c., are too yellow to be used, excepting for objects wlu'ch 
are to be gilt or artificially bronzed ; but the first-mentioned alloy yields a cast of a 
fine deep red colour, which, by exposure to the air, slowly acquires a very beautiful 
tarnish. 

The alloy called tombac, containing 84*5 per cent copper and 16*5 zinc, is veiy duc- 
tile and malleable. Dutch-metal is tombac beaten out into leaves of an inch thick. 

Bronze-colours or Bronze-powders, used for colouring objects cast in brass, imitation 
bronze, or plaster of Paris, and for various other ornamcntjil purposes, are prepared by 
triturating Dutch-metal or other alloys of copper and zinc, &c., between rollers with 
water and resin, oil or fat, separating the finer particles from the grosser by levitation, 
sifting, &c., and lastly drying and heating them. (See Ures Dictionary q/ Arts, 
Manujaciures, and Mines, i. 463. ) 

The following Table exhibits the composition of various kinds of brass and imitu* 
tion-bronzei See also Nos. 72, 78, 76, 76, 78, 70, and 82 of Table B, p, 46. 

VojL. IL E 



m COPPER : ALLOYS. 


Tiaut D. — C<mpo»ition of various Alloys of Copper and Zinc used in the Arts, 




Authority. 

Copper. 

Zinc. 


i 

Iron. 

1. Brass, English • 


Lavater* 


29*26 

0*17 

0-28 


2. Brass from Heegermohl • 


»» • • 

70*16 

27-46 

mSM 

0-20 


3. „ Augsburg . 

• 


71*89 

27-63 

0*86 



4. ,, Neustadt, Eberswald . 

Kadcmatsch'* . 

71-36 

28-16 




6. „ Bomilly • 


Chandet* 

70*1 

29*9 




6. „ of unknown origin 


Karsten * 

71*6 

28-6 




7« ,» 1* • 


Regnault* 

71*0 

27*6 

trace 

1-3 




Chaudet* 

61*69 

36*33 


2-86 


9. „ Stolberg • • 



65*80 

S' 


215 


10 Watch-wheels • • • 


Faisst^ 


[j jjl 

1*36 

• • 

0-74 



»* 

66*06 

" 1 p " 

1-43 

, , 

0-88 

12. Bhip-nails, bad . • • 


Percy* . 

62*73 

41*18 

. • 

4-72 


13. „ good . 



62-62 

24*64 

2-64 

8-69 


14. Tombac, English • • 


Faisst' 

86*38 

13*61 

. . 

• • 

trace 

16. „ German 


Karsten** 

84*0 

16*6 




16. Coin of Titus Claudius 


Girardin* 

81*4 

18*6 




j 17. „ Cassia family, b. c. 

20 







(sp. gr. 8*59) 

. 

Phillips** 

82-26 

17*31 

. 

• 

0*36 

18. „ Nero, a. d. 60 (sp. gr. 8*50) 

f» • • 

81-07 

17*81 

1*06 



19. „ Titus, A. n. 79 (sp. gr. 8*30) 

»t • • 

8304 

16*84 

. • 

• • 

■igftHl 

20. „ Hadrian, a.d. 120 

(sp. 







gr. 8*33) . 



85*67 

10*83 

1*14 

1*73 

mSEi 

21. „ Faustina, jun., A.n, 

22. Antique bracelet, Naumburg 

166 


79*15 

6 7 

4*97 

■aiFi 



Gobel* • . 

83-08 

16-38 

1*64 



23. „ fibula, Konigsborg 


»* • • 

82*6 

16 

1*5 



24. „ chain, Eonnehurg 

26. Statue of Louis XIV. (sp. 

gr. 

>* • 

82*6 

17*6 




8-482) 

B’Arcet" 

91*46 

6*63 


1-37 


26. „ Henri IV. , 



89*62 

1 ^ 

4-20 

0*48 


27. „ Louis XV. 


*» • . 

82*46 

uSS 

4*10 



28. ■ „ Minerva in Paris 



83*00 

n 

2*00 



29. ,, Napoleon • 



76*00 

20*00 

3*00 



1 30. „ Lessing, in Brunswick 

Otto* 

84*20 


3*66 

13 [iS 


31. Bronze for gilding 


D' Arcet "» 

82*00 

irniii! 

2*60 



33. „ . . 


f» • • 

64.60 

32*50 




33. „ • • 


»» • * 

82*00 

1800 




34. „ • • 



78*00 


2-00 



36. Bionae-colonr, pale yellow . 


Kdnig* . 

82*33 

16*69 




36. „ deep yellow • 


»» • « 

84*60 


, , 



37. red-yellow . 


f* • 

90*00 


, , 



38. „ orange 


»# • » 

98*93 

0-73 

, , 



39. „ copper-red . 


t» • • 

99-90 

• • 

, , 



40. „ violet . 



98-22 

mm 

trace 


trace 

41. „ green , 


#» « • 

84*32 

16-02 



0*30 

42. „ white • 


H • • 

• • 

2-39 

96-46 


0-03 


• J. pr. Chem.llf. 199. 

8 Gm. Handb. t. 479. 

h Fogg. Ann. xxzv. 57B. 

1 Handw. d. Chem. 9 Aufl. 11. IS} OOO. 

0 Ann. Ch. Phya. [21 ▼. 8>1. 

S On>. Handb. t. 480. 

8 Chem Hoc. Qu. J. It. 853. 

» Schw. J. lx. 407. 

• Ibid. 

» Handw. Toe. ci'f. 

t Polyt. Centralbl., 18fiS,p.571. 
r Jahretb. d. Chem., 1850, p. 637. 

■ lUd. 


Alloys of Copper^ Zine^ and /ron.-— SOpts. snne, 1 pt copper, and 1 pt. oaat iron 
form SoreVs white hrass. It has the aspect and fracture of ordinary zinc, ls said to be 
aa hard as copper, and tougher than cast iron,^to admit of turning, filing, and boring^ 
and not to rust even in damp situations. (Berthier, Fogg. Ann Ixx. 344.) 















COPPER ; BROMIDES. 51 

Alloys of Copper^ Zinc and Nickel. — NickeUsilwr^ German-silver, White cop^ 
per^Packtonifor Packfong, Weisskupfer, Ncu-silber, Argentan, Maillechort — To prepare 
this alloy, wnich is mucli used as a substitute for silver, tlie copper and nickel are first 
nicited in a crucible, and the zinc is then added in pieces previously heatt^d. Or, tiie 
three metals, in a state of fine division, are mixed together in a crucible, copper lieing 
placed at top and bottom, the whole covered with charcoal powder and heated in an 
air-furnace with a strong draught, the mixture being stirred all the while, to ensure the 
complete solution of the difficultly fusible nickel. The longer and the more completely 
tlie mixture is fused, the more ductile does it become ; part of the zinc bums away. 
(Grersdorf^ Po^. Ann. \dii. 103.) 

Proportions of the materials. — a, 2 pts. copper, 1 nickel, 1 zinc : serves for spoons 
and forks, b. 5 pts. copper, 2 nickel, 2 zinc : has the colour of silver alloyed with 
i pt. copper; serves for knife and fork liandles, snuffers, &c. c. 3 pts. copper, 1 nickel, 
1 zinc : tliis proportion gives the best alloy for rolling. The addition of 3 pte. of lead 
to 100 pts. of the mixture a, or of 2 pts. load to 100 pts. of tlie mixture b, yields an 
alloy ada])tcd for cast articles, such as candlesticks, spurs, and bells. The addition 
of 2*5 pts. of iron or steel to 100 pts. of alloy, renders it much winter, but likewise 
harder and more brittle ; the iron must bo previously fused with a portion of the 
copper, under a layer of charcoal-powder in the blast-furnace, and then incited together 
with the zinc olid nickel and the rest of the eop|>er (Gersdorff). d. 8 pts. copper, 
3 nickel, and 5 zinc yield very good nickel-silver (Frick). An alloy of lOpts. copper, 

1 nickel, and 5 zinc, has still a pale yellow colour ; that which contains 10 copper, 
1 nickel and 7 zinc, is yellowish-white and less ductile than d (F rick). Larger quanti- 
lic'S of iron do not enter into combination with the nickel-silver as a whole, but unite 
with part of the copper, nickel, and carbon, forming an alloy which floats like drops of 
oil on fiio surface of the nickel-silver. (Krdman n.) 

Jsickcl-siJvcr has a crystalline structure when solidified from fusion. It must, there- 
fore, be heated to dull redness and cooled again completely before it is rolled or ham- 
mered ; when once the crystalline structure lias been destroyed, the alloy may be 
worked like brass (Gersdorff). Chinese nickel-silver may be worked even at a dull 
rt'd Iieat, but at a stronger heat it flies to pieces on the slightest stroke of the liammer 
(F yfe, Edinb. Phil. J, vii. 09). Nickel-silver is harder than silver, and susceptible of 
a high polish. Its colour approaches that of silver, but is greyer. A mixture of 1 pt. 
oil of vitriol and 7 pts. water turns it white when boiled with it (Gersdorff). It it 
not mngnetic, or but slightly so ; when it contains a certain amount of iron. It fhses 
.nt a bright red heat, the zinc burning away if the air has access to it. When exposed 
to the air, it acquires a slight yellow tarnish. When immersed in vinegar, it becomes 
coated with verdigris, only at those parts where the air can likewise act upon it 
(Fri ck). In vinegar it becomes greenish black ; in wine, dark brown ; in solution of 
common salt, red brown ; in solution of sal-ammoniac or tartaric acid, black with green 
spots ; and in oxalic aci^ black (D* Arcet, J. Pharm. xxiii. 223). In water contain- 
iug 255 of potash-hydrate, it remains bright. (A. Vo gel) 


Analyses of Commercial Nickel-silver. 



Fyfe. 

Smith. 

0. Henry. 

D* Arcet. 


Louyet 


FItner. 


a. 

5. 

C. 

d. 

e. 

7~ 

9- 


i. 

Zn 

25*4 

17*8 

13*6 

31*25 

17 

17’0l 

22*15 

26*05 

25*0 

Sn 

, ^ 




2 





Fe 

2*6 


trace 

. ^ 

3 

trace 

trace 

trace 

3*0 

Co 

, , 

3*4 








' Ni 

31*6 

18*8 

19*3 

18*75 

23 

19*13 

15*05 

10*85 

13*0 

Cu 

40*4 

60*0 

66*0 

50*00 

55 

63*34 

62*40 

62*63 

57*4 


10^ 

100*0 

98^ 

100*00 

100 

99*48 

99*60 

99*53 


a. Chinese packfong, of specific gravity 8*432. b. English nickel-silver, somewhat 


yellower than the Gci*raaii, c, Parisian Mailleehort ; contains also a trace of arsenic, 
which remains behind when the alloy is dissolved in nitric acid, d and c. From un- 
known sources, f g, and h. English nickel-silver, used in Birmingham for articles 
that are to be plated, i. From ShoflSeJd, distinguished hy extraordinary elasticity, 
used for the friskets of printing-presses. 

Ainerican nickel-silver . — 1 pt. iron, 1 cobalt^ 2 silver, 2 tin, 4 manganese, 24 nickel^ 
36 zinc, and 96 copper. (Gm. v. 498.) 

OOWU, BROBCXOlUi OV. Copper does not unite with bromine at ordinary 
temperatures, but on the application of heat, combination Ukos place, the chief product 
being cuprous bromide, Cu*Br*, 



ida , COPPER 

Dihromide of Copper^ or Cupric Bromide^ Cu"Br*, is formed by evapora- 
ting the solution of cupric oxide in aqueous hjdrobromic acid, and fusing the residue 
at a gentle heat. The residue is iron-black like plumbago. If the solution be left to 
evaporate in vacuo over oil of vitriol, anhydrous shining crystals are obtained, resem- 
bling iodine in appearance (Rammolsberg, Pogg. Ann. Iv. 246). According to 
Ber^eraot, dibromido of copper gives off half its bromine even below a red heat; 
according to Raramelsberg, it gives off 36*8 per cent, and leaves cuprous bromide. 

Hyd/takd JDibromide q/ copper, or Hi/drobromate of Cupric The emerald- 

green solution of cupric bromide in water, or of cupric oxide in aqueous hydrobromic 
acid, or of copper in a mixture of hydrobromic and nitric acids, becomes brown on 
evaporation, and yields right rectangular prisms (greenish-yellow needles, according to 
Berthemot), which fuse at a gentle heat, giving off their water and leaving a residue 
' of anhydrous dibromide of copper. 

Dibromido of copper and the hydrated crystals deliquesce in the air, and dissolve 
readily in wtiter ; the green solution turns browu on evaporation, and likewise when 
mixed with oil of vitriol or with salts, these substances depriving it of its water 
(Lowig). Ammonia added to the solution in quantity not sufficient for complete 
precipitation, forms a pale green precipitate of hydrated oxy bromide. 

Ammoiiio-cujyric hrcmides, — The comp<>und CuBr*.6NII*, is obtained by the action 
of dry ammonia gsis on .cupric bromide. It is a bluish powder, which, when heated, 
gives off water and bromide of ammoniiun. It dissolves in a small quantity of water, 
forming a deep blue solution, which becomes turbid when diluted, depositing hydrated 
cupric oxide, which turns black when henUai in the liquid (Uammolsborg, loc. cit.)» 
Another ammotiio-bromide, containing CuBr-.SNlP, is obtiiinod by mixing a strong 
solution of cupric bromide with a sufficient quantity of strong ammonia to form a 
clour solution, and then adding alcohol. It forms small dark-green crystals, but in 
othei' respects resembles the preceding. Kammelsberg found in the former of these 
compounds 28 98 per cent., in the latter 19*98 per cent, ammonia. 

MonohromitJ e of Copper, or Cuprous Bromide. (Cu*)"Br*. Bromide of 
Cupromm. — IVhen bromine is poured into the scaled end of a glass tube, the upper 
part of the tube 111 led with fine copper wire, and the copper heated to dull redness, 
combination takes place, attended with vivid incandescence. The cupric bromide 
which mixes with the mass is dissolved out by water. On dissolving the product in 
aqueous hydrobromic acid, any copper that may remain uncombined is left behind, 
and the cuprous bromide may lie precipitated from the solution by water (Lowig). 
Another mode of preparation is to heat thin rolled-up copper-foil in a flask, at the 
bottom of which some bromine is placed, and when combination attended with igni- 
tion is set up, to drop more bromine in. till the whole of the copper disappears. 
Cuprous bromide is likowiso obtained by heating cupric bromide to redness. It is a 
dark-greenish brown mass, whicli is decomposed by ignition, in contact with the air, is 
^ water, but dissolves without colour in hydrobromic or hydrochloric acid. 

Nitric acid decomposes it, with evolution of nitric oxide. It is not acted on by sul- 
. i^hpric or acetic acid, even at the boiling heat. It is said to dissolve in aqueous 
ammonia, and to yield by evaporation ciyatals of uu ammonio-bromide. (Berthemot.) 

OOPPBRf CA&BXBB OR CARBURBT OF. Copper docs not appear to form 
any definite compound with carbon. Pure (electrotype) copper may be fused under 
" charcoal powder without undergoing any chiingo of physical properties. Ordinary 
copper thus treated becomes brittle at a red heat ; but the change is probably due to 
the presence of shiall quantities of foreign metals, as in overpolod copper (p. 29). 
Whether any small quantity of carbon is taken up by tlie copper has not been exactly 
ascertained. {Perefs Metallnrgp, i. 269.) 

COPPBR^ CSHBORXBBS OF. a. Bichloride of Copper, Cupric Chlo- 
ride, Chloride of Cupricum. Cu'CR — This compound is obtained in the anhy- 
drous state: 1. By the combustion of copper in chlorine-gas. Copper filings or copper 
foil introduced info dry chlorine takes fir© spontaneously, and bums with a greenish 
light, producing a mixture of cupric and cuprous chlorides, and if the chlorine is in 
excess, the latter is slowly converted into cupric chloride. — 2, By heating the hydrated 
chloride to 200° C. 

Anhydrous cupric chloride prepared by (1) forms a brown sublimate ; by (2), ft 
brownish-yellow powder. It has a caustic metallic taste, is fusible, and at a m heat 
gives off half itjj chlorine, and is converted into cuprous chloride. Heated in a 
current of phesphoretted hydrogen, it yields hydrochloric acid gas and triphosphide 
of copper. Fused with phosphorus, it ftrms chloride of phosphorus and phosphme of 
copper (II. Rose, Pogg. Ann. xxrii. 117). It is not decomposed by Sfidphuric anhydride 
at ordinary temperatures (H. Rose, ibid., xxxviii. 121). Sulphuric acid does not 
decompose it at ordinary tempera ture.s, but completely when heated, hydrochloric 
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acid being eTolved (A. Vogel). Heated iu a current of tihylent di chloride of 
copper yields a mixture of coppr and cuprous chloride (Wohler). When exposed to 
the air, it turus green and deliquesces. 

Hydrated dichloride of copper is produced : 1. By the deliquescence of the anhy- 
drous chloride. — 2. When copper immersed in hydrochloric acid is exposed to the 
ftir for a considerable time. — 3. By dissolving copper in aqua regia. — 4. By dissolving 
cupric oxide or carbonate in hydrochloric acid. The solution of cupric oxide in couceii* 
trated hydrochloric acid is attended with grout development of heat.—5. By pouring 
a small quantity of water at 50° — 60° C. on a mixture of equal weights of pufverist d 
sulphate of copper and common salt. The dark green liquid thus formed deposits, on 
cooling, crystals of sulphate of sodium, and by further evaporation tlie remainder of 
this salt, tc^ether with the excess of chloride of sodium : the decunUid solution tiiuilly 
yields crystals of cupric chloride (Hieckhor). The tjmerald-green solution evapo- 
rated and cooled, yields green right-angled foui*-sided prisms, which at lOO-* C. turn 
brown, giving off the greater portion of their water, but do not part with the W'hole, 
which amounts to 21*63 per cent,, till they are heated to 200° (Irraham, Ann. Cli. 
Pharin. xxix. 31). Cold sulphuric acid likewise abstracts water from tliem, and con- 
verts them into tlio brown anhydrous sulphuric acid, which it does not dissolve or 
decompose (A. Vogel). The crystjils deliquesce in the air. 

From the tiqucous solution, phosphorus thr<»ws down cuprous chloride and forms 
phosphoric acid (Boeck); the same preclpibite is likewise prcxliiced by mercury^ 
with formation of mercurous chloride; by silver ^ with formation of chloride of silver, 
black at first, but aftorwaiils white (W^etzlar, Schw. J. lii. 476); and by dichloride 
of tin, with formation of tetmchloride of tin. (hiprous chloride is also precipitated 
on boiling tlie aqueous solution with s^ur, and partly rsuiains dissolved in Djo 
hydrochloric Jwid produced by the reaction (A. Vogel); a solution of dichloride of 
copper mixed with ether, and exposed to the sun’s rays, loses its colour, and on the 
addition of water yields a precipitate of cuprous chloride. (G ehleii.) 

Tlie solution of dichloride of copper in a small quantity of water is cmorald-greeu, 
but a larger quantity turns it pale blue. The concentrated solution assuines a yellow 
colour on the addition of strong hydrochloric acid. With strong sulplmric acid, it 
solidifies to a brown mass. Characters traced on paper with the solution turn yellow 
when heated, the writing disapjmring as the paper cools. 

Dichloride of copjier is soluble in alcohol and in ether. 

For the so-called basic chlorides of copper, see Cori’EU, OxveuLouroKs oi*’. 

Aimnonio-cupric Chlorides . — 100 pts. of dry cupric cliloridc (piicklj absorb 73*7 ptr. 
ammonia, crumbling at the same time to a blue powder. The resulting compound, 

which has the composition 0NH®.CuCl*, or possibly N’‘*H-Cu"(Nil')bCl^, gives off part 
of its ammonia on exposure to the air, and turns green. At 140° C. it gives off 4 at. 
.'iinmonia, leaving an apple-green powder consisting of chloride of ciepniinhioniirm, 
N'‘'Il“Cu^CP. At a higher temperature, it gives oil .s-ii-amniouiac and a sm.iil quantity 
of nitrogen, and leaves cuprous chloride. (11. Kose.) 

The compound GNID.OuCl* is obtained as a hydrate, 6Nll’*.Cu(T‘.li-0, by ]:>asi^hig 
ammonia'yas into a solution of cupric chloride, till the precipitate whieli lirst t'urins is 
redissolvod. The liquid becomes heated neiirly tu the boiling point, and on cooling 
deposits the compound in c(ark blue prisms and octalieiiroris. (^Kanr.) 

The tetrammonio compound is obtained by passing ammonia-g;is. in excess through 
B hot saturated solution of cupric chloride, iu dark blue hydrated ocuihcdrons, which 
at 149° C. are reduced to 2NU*.CuCr^ 

The oxychloride, Cu*Cr'0’', likewise absorbs ammonia -gas, fornxing the compouud 
2NH».Cu>CTO*. b b ^ 

Dichloride of copper forms double salts with the chlorides of the alkali-mclals. 

Chloride of Cupricum and Ammonium (Kupfer-salmiak), 2>iilHyI.CuCr^ + 211*0, is 
obtained by dissolving 63'4 pts. sal-ammoniac and 67*4 pts. anhydrous or 85*4 pts. 
crystallised dichloride of copper in a small quantity of water, and leaving the solution 
to cool. This salt forms bluish-green quadratic octahedrons perfectly soluble in water 
and alcohol, and oiisily decomposed by heat (Mitscherlicli, Graham) ; Henmaun, 
by the same mode of propiration, obtained a salt with 2 at. water; so likewise did 
Hautz, by satuniting hydn)chloric acid with cupric carbonate, and mixing the solution 
with half the quantity of hydrochloric acid neutmlised with ammonia. 

Be^uerel obtained several compounds of chloride of ammonium with basic cupric 
chloride (oxychloride) by filling the bend of a U-tiibo with clay, placing solution of 
sal-ammoniac in the one ann, cupric chloride in the other, and immersing the end of a 
bent stri^ of copper in each arm in such a manner as not to touch the clay. The end 
dipping mto the sal-ammoniac became covered in the course of a few mouths with 
crystals exhibiting remarkable truncations of the angles and txlgea ; they were resolved 
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by water into chloride of ammonium and oxychloride of copper. A aimilar compound 
WiiB 'obtHincd with chloride of potfissium. 

Chloridd of Cujprkum and Votasaium, 2KCl.CuCl* + 2H*0, is obtained in the same 
manner as the corresponding ammonium-salt, acx^ording to Mitscherlich, in quadratic 
octahedrons, according to Jacquelain, in double six-sided pyramids, soluble in water 
and in alcohol. 

. MowociiLoniDE OF Copper. Cuprous Chloride. Chloride of Cupro^ 
sum, Cu'^Cr^, Boyle's Resina cupri. — Produced : 1. Together with the dichloride, 
by the combustion of copper in chlorine gas^ — 2. Coppt^r heated witli dichloride of 
mercury, yields rapoiir of mercury and monochloride of copper (Boyle). The 
decomposition bikes place most readily with 1 pt. copper to 2 pts. corrosive sublimate 
(J. Davy). More exactly, G4 pts, (2 at.) coppiu* and 136 pts. (1 at.) corrosive 
sublimate. — 8. A plate of copper immersed in liydrochloric acid in a bask contain- 
ing air, becomes Covered with wdiite teirnhcdroiis of nnmochloride of copper 
(Proust). — 4. The compound may also be formed by agitating copper-filings with a 
solution of the dichloride in a close vessel (Proust). — 5. By precipitating cupric 
sulphate^ h yd roeh Ionite, nitrate, or acetate uirh aqueous dicldoride of tin, or by 
treating cupric hydi'ate or carbonate with dichloride of tin dissolved in hydrochloric 
acid (Proust) ; 

2CuCT^ + SnCP * Cu'^CP -H SnCl*. 

6. By treating tiqueoua dichloride of copper with phospliorus, ether, sugar, &c. — 

7. By heating the dichloride in a retort for a considerable time ; digesting the 
residue with water for several da3's with the retort closed, to dissolve out the unde- 
comp^38ed dichloride, and pouring olf the resulting solution ; the residue consists of 
mouochloride (Proust). — 8. By agitating pulverised cuprous oxide with hydrochloric 
acid in a close vessel (Proustj Cheuevix). 

Cuprous chloride, obtained by precipitation, is a white crj’HtiUino powder, which 
acquires a dingy violet and bhiekish-bluo tint by exposure to sunlight. It crystaUises 
from its solution in liot coiicontmUxl hydrochloric acid in white tetrahedrons (P ro u s t), 
which turn bluish when exjwsal bj light. According to J. Davy, it. separates in olive- 
green prisms. It melts soineivhat Iwlow a red heat, and when slowly cooled, solidifies 
in a translucent, light yellow mass (greyish- white; Proust); the residue obtained by 
rapid cooling is of a dark brown colour, and confuKed texture (J. Davy). Specific 
gravity of the molted mass = 3^677 (Kars ten). In close vessels, it does not volati- 
lise, even when strongly hooted; but if heated in the air, it goes white va|X)Ur8, 

lloated to redness in a stream of hydroimn, it is converted inW metal and hydro- 
chloric acid gas; in an atmosphere of phoaphoretttd hydrogen ^ it yields hexcupric 
phosphide and hydrochloric acid gas (H. Hose, Pogg. Ann. iv. 110, 205). With iron^ 
filings under water, it yields metallic copper and soluble protoxide of iron (Proust). 
Ferrous sulphate added to the solution of tlie monochlorido in hydrochloric acid, 
throws down metallic copper (Proust), Mouochloride of copper turns yellow when 
, boiled with water; but the decomposition is not complete (Prou st). With fused hydrate 
of potassium or the aqueous solution of potash, it yields cuprous oxide and chloride of 
potiiseium (Proust). When exposed to the air in the dry state, it slowly attracts 
moisture and turns green ; in the moist state it is quickly converted into a green mass 
(Proust). With nitric acid it forms first a violet an4 then a blue solution, the 
action being attended with great rise of temperature and violent evolution of nitric 
oxide (Proust), A mixture of monochloridc of copper and sidphuric acid assumes a 
faint violet colour when covered with a thin layer of fuming nitric acid. (Gmolin.) 

Monochluride of copper does not dissolve in w^ater. or in dilute sulphuric acid ; hut 
it dissolves without colour in strong hydrochloric acid, in aqueous ammonia, and in 
solution of common salt. A similar solution is formed by agitating the acid in a close 
vessel with cuprous oxide, or with a mixture of the protoxide and excess of metallic 
copper; or by agitating copper-filings with a solution of the dichloride strongly 
supersaturated with hydrochloric acid; or by mixing the same solution with ether 
and exposing it to the sun’s rays, l^e colourless liquid prepared hot, deposits 
crystals of monochloride of copper on cooling. The solution, when mixed with a 
considerable quantity of water, deposits the greater pirt of the monochloride in the 
form of a white powder. Small quantities of ammonia added to the solution 
produce transparent cubes of monochioride of copper and ammoninm, which dissolve 
in a larger quantity of ammonia, forming a colourless liquid which turns blue on 
exposure to the air. Pumiug nittic acid imparts to the solution a dark greenish-brown 
colour, which afterwards changes to yellow with evolution of nitrous gas. (Gmelin.) 

.The hydrochloric acid solution of monochioride of copper impirts a blue colour to 
fno^bdic acid^ decolorises recently precipitated Prussian (due, throws down calomel from 
H tK)Iution of eorroiive sublimaUf aiM metallic gold from a solution of gold. (Prous t.) 
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Aque(ni9 ouproao^cuprio Chloride is formed in solution by exposing the solution of 
cuprou* oxide in excess of hydrochloric acid to the air ; by mixing the same solution 
with a solution of dichloride of copper; or by agitating the latter with a small 
quantity of copper-filings. It is a darfc brown liquid. (Proust.) 

^ Ammonio^cuprous Chloride. — Monochlorido of copper forms a colourless solution 
with aqueous ammonia, from which potash throws down cuprous hydrate, provided 
the ammonia is not in too great excess. 

Chloride of Cupromtm Ammomum.-^The solution of cuprous chloride in strong 
hydrochloric acid mixed with small quantities of ammonia, deposits transparent 
crystals which appear to be cubes (Q-melin). A similar ©impound is likewise formed 
when a solution of sal-ammoniac in which copper is immersed is exposed to the air. 
(Becquerel.) 

Chloride of Cuprosum and Potassium. 4KCl.Cu*CP, is produced when cuprous chlo- 
ride, as obtained by mixing its hydroeiiloric acid solutioik with water, or by precipitating 
a cuprous salt with stannous chloride, is boiled with a small quantity of water, and 
mixed with chloride of potassium as long as the latter conliniies to disstolve. Tiie 
solution on cooling deposits cubic crystals. Bc*cquerel, by the electrolytic method de- 
scribed at page 53, obtained tetrahedral crystals of the same or similar constitution ; 
also the corresponding harimu-saH. 

Chloride of Cuprosum and Sodium, — Cuprous chloride dissolTes very readily in 
solution of common salt, and on evaporating tlio Mquid in vacuo, the double salt crys- 
tallises out; with difficulty, however, on account of its grout solubility. I^otash throws 
down cuprous oxide ; ferroeyanido of potassium' yields a white precipitate. 

coppan, BSTSOTlOSOr ABD SBTZlHATXOir OF. 1. Reactions in the 
Dry Way. — Copper and its compounds impart a green colour to flame. — Th(3 black 
oxide of copper dissolves by fusion in a vitreous flux, and produces a green glass. Any 
compound of copper fused with bor;<x in the oxidising flame of the blowpipe forms a 
transparent glass, which is green while hot, but assumes a beautiful blue colour when 
cold. In the reducing flame, the glass becomes ojjaqnc, and covered on the surfiiet* 
with liver-coloured streaks of cuprous oxide, or metallic coi)per. This hist reaction is 
somewhat difficult to obtain, especially when the quantity of copper is .small, but it 
may always he ensured by fusing a small piece of metallic tin in the bend. Copper 
salts mixed with carbonat (3 of sodium or cyanide of potassium, and heated cm ('harcoal 
before the blowpipe, yield metallic copper. The oxi<)es, carbonates, nilYates, and 
organic salts of copper are reduced on charcoal wiflioiit the aid ot an aikaliue flux. 

2. Reactions in Solution.- 

a. Of Cupric salts. — These salts in solution hate generally a sky-blue colour ; h 
strong solution of the chloride is green, but becomes blue on dilution with water. 
Copper is separated in the metallic state from its salts by s^inc, iron^ Imd^ and the 
niore oxidabfe metals, which are dissolved and take the place of tho former metal. 
Also by phosphorus from a solution of the sulphate or nitrate,- and from a drliife 
solution of cupric chloride; but in a strong solution of the lattiT, phosphorus first 
produces a white |>recipitate of cuprous chloride, and then becomes blackemul front 
formation of phosphide of copper. Wood precipitates metaUic' co^q)er from its solii- 
tions after long contact. Copper is likewise easily precipitated from its solution Ijy 
electrolysis, as in the electrotype process. 

Sidphydrlc add and alkaHne sulphides throw down a hrownrish-blaek precipitate 
of protosulphide of copper, insolubfe in sulphide of potassium or sodium, slightly so- 
luble in sulphide of ammoBimn. 

Potash or soda^ added to the solution of a cupric s.alt, throws down at first a light 
blue precipitate of hydrated cupric oxide, whichv however, on agitation, takes up a 
fwrtion oi the nndeeofnposed salt, and fbrms wifh it a* grfecU' basic skilt. An <*x<*e»s of 
tile alkali throws down the hydrate in bulky blue flakes, which, on Tioiling the mix- 
ture, collect together in the form of a black powder, consisting of tho anhydrous oxide. 
Tliis reaction » greatly modified by the prescBce of fixed organic substances, such as 
sugar, tartaric acid, Ac. In a solution of sulphate of copper; containing such su^ 
stanciis in sufficient quantity, potash either produces no precipitate, or one wliich is 
quickly redissolved, forming a blue solution ; and from this solution, when boiled, the 
copper is sometimes wheity precipitated as^ red' or yelk>w cuprous oxide, as when 
grape-sugar is present, or partially, as with cane-sUgar; or not at all, as with tartaric 
acid. 

Ammonia, added by degrees, and with constant agitation, to* tho fiolation of a cttprrtf 
salt, first throws down a green basic salt, and afterwards tlie bltm hydrate : an excMS 
of aiumonia dissolves the precipitate, forming a deep blue solution. A copper solution 
diluted so far as to be colourless, becomes distinctly blue on the addition of aiamoniii* 
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The blue colour thus produced is still visible, according to Lassaigne, in a solution 
containing 1 pt of copper in 100,000 pts. of liquid. 

Carbonate of potassium or sodium throws down, uith evolution of carbonic acid, a 
greenish-blue precipitate of a basic carbonate of copper, which, on boiling, is con- 
VOTted into the black oxide. Carbonate of ammonium produces the same precipitate, 
but when added in excess, dissolves it abundantly, forming a blue solution.^ 

Cyanide of potassium causes a yellowish green precipitate of cupric cyanide, 
soluble in excess of the reagent ; hydrochloric acid throws down white cuprous cyanide 
from this solution, soluble in excess of acid : sulphydric acid, or sulphide of ammonium, 
produces no precipitate, 

Ferrvcyanide of potassium forms with cupric salts a deep chocolate-coloured preci- 
pitate of ferrocyanido of copper. To very dilute solutions it imparts a reddish colour, 
which is even more delicate in its indications than the ammonia reaction, being still 
visible in a solution containing 1 pt. of copper in 400,000 pts. of liquid, according to 
Lassaigne, and in 1,000,000 pts. according to Sarzeau. Kerrocyanide of copper dis- 
solves in aqueous ammonia, and reappears wlien tho ammonia is evaporated. This 
reaction serves to detect extremely small quantities of copper, even when associated 
with, other metals. Thus, if a solution containing copper and iron be treated with 
excess of ammonia, a few drops of ferrocyanide of potassium added, the liquid filtered, 
and the filtrate left to evaporate in a small white porcelain capsule, ferrocyanide of 
copper will be loft behind, exhibiting its characteristic red colour (Warington, 
Chem. Soc. Qu. J. v. 137). Iodide of j^otassiuni added to cupric salts forms a yellow 
precipitate of cuprous iodide, with separation of iodine. Cupric salts are completely 
reduced to cuprous salts by alkaline sulphites^ partially by free sulphurous acid. 
Hyposulphites, at tho boiling heat, throw down sulphide of copper. 

/ 3 . 0/ Cuprous salts, — But few of these salts arc capable of existing in solution. 
Cuprous oxido is decomposed by non-oxidising acids, such as sulphuric, phosphoric, 
oxalic, acetic, and even by dilute nitric acid, into metallic copper and a cupric salt, 
and U oxidised by strong nitric acid, yielding cupric nitrate. Hydrochloric acid 
added in small quantity to cuprous oxide converts it into w'hitc cuprous chloride, 
which dissolves in a larger quantity of the strong acid, forming a solution wliich is 
colourless if quite piite, but generally has a brown tint, due to the presence of a small 
quantity of anhydrous cupric chloride ; on exposure to the air, it gradually turns green. 
The colourless or brownish solution exhibits the following reactions: — 

Water added in sufficient quantity tlirows down a white precipitate of cuprous 
chloride, this compound being soluble only in strong hydrochloric acid. 

Camtic potash, added in small quantity, neutralises the free acid, and precipitates 
the white cuprous chloride ; in larger quantity it forms a brownish-yellow precipitate of 
cuprous hydrate, insoluble in excess of potash, soluble in a largo quantity of ammonia ; 
when exposed to the air, it gradually turns black. 

Ammonia in excess forms a colourless solution, which gradually turns blue on expo- 
sure. Potash added to this amraonitical solution tlirows down the brownish-yellow 
hydrate, provided tho quantity of ammonia present is not very lai-ge in proportion to tho 
potash. Carbonate of ammonium acts in like manner. 

The carbonates, both neutral and acid, of potassiuyn and sodium form a yellow pre- 
cipitate of cuprous carbonate. 

Iodide of potassium forms a white precipitate of cuprous iodide, without liberation 
of iodine. 

Sttiphydrie acid produces a black precipitate of cuprous sulphide. Alkaline 
sulphides produce tiio samo precipitate in solutions previously saturated with 
ammonia. 

Zinc and iron precipitate metallic copper. 

Cuprous solutions are formed by treating the solutions of cupric salts with alkaline 
sulphites. Free sulphurous acid produces but a partial deoxidation and decoloration, 
even after prolonged boiling, tho product fonned being a cuproso-cupric sulphate, 
which sometimes separates in red crystals ; but if potash or amtnonia be likewise added, 
tho solution becomes quite colourless even in the cold, and contains a double sulphate 
of. cuprosum and the alkali-mctoL This colourless solution behaves with ammonia, 
and the other reagents above mentioned, in the same manner as the solution of cuprous 
chloride in hydrochloric acid (excepting that it is not decomposed by dilution), apd 
yields with cyanide of potassium a white precipitate of cuprous cyanid^ #hicli diii- 
solves in excess of the reagent, forming a solution which is not precipitated by sul- 
phide of ommoniunL 

r Cuprous salts, especially tho solution of the chloride in hydrochloric acid, quickly 
absoro carbonic oxi^ gas. The solution of the chloride saturated with this gas is not 
precipitated by water, or even by alcohoL (Leblanc.) 

Marsh-gas is likewise absorbed by the solution of cuprous chloride. 
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3. Quantitative Estimation, 

When copper is dissolved in nita'ic add, and the solution does not contain any 
^ther met«d or non-volatile substance, it is sufficient to evaporate the solution to 
iryness in a platinum or porcelain crucible, adding a slight excess of nitric acid to 
prevent reduction of the copper by any deoxidising substance that may be present, and 
heat the residue to redness. The copper then remains as protoxide, which must bo 
weighed immediately after coohng, with the cover on the cruciblcj because it is very 
hygroscopic : 100 pts. of the oxide corre8))ond to 79*82 per cent, of copper. 

In other cases the co^iper must bo separated by precipitation. Tliis may be done 
in several ways. 

a. By caustic potash^ which, when added to a boiling solution of a cupric salt, throws 
down the copper as protoxide, in the form of a heavy black powder. Care must bo 
taken not to add the potash in too great excess, as a small quantity of the copper will 
then he retained in solution. The precipitate is to bo washed with boiling water, 
then dried on the filter, ignitod in a porcelain or platinum crucible, and weighed with 
the same precautions as before. As a small quantity of the protoxide may have been 
reduced by the organic matter of the fiJter, it is best, after weighing, to moisten it 
with a few drops of nitric acid, then ignite and weigh again. 

b. Hypochlorite of sodium may, in some cases, be advantageously used in place of 
caustic alkalis, to precipitate copper as protoxide. (Field, Chem. Soc. J. xiv. 159.) 

c. When other metals are present, it is often necessary to precipitate the copper as 
sulphide, by sulphydric acid. In this case the precipitated sulphide must be washed 
as quickly as possible with water containing sulphydric acid, to prevent oxidation. The 
precipitate may then be dried, and the filter burnt with the precipitate on it, after 
which the precipitate is treated with strong nitric acid, wli Icli dissolves it, with sepa- 
ration of sulphur, and the copper is precipitated from tlie solution by potash as above. 
Tlie chief precaution to be attended to in this process, is to wash the precipitated sul- 
pliide quickly, and to preserve it as completely as possible from contact with tlie air, 
otherwise the sulphide becomes partially oxidised and converted into sulphate, which, 
being soluble, runs through the filter ; wFien this takes place, the filtrate becomes brown, 
because the copper thus carried through is again precipitated by the sulphydric acid 
in the filtered liquid. 

From neutral or alkaline solutions, copper may also bo precipitated by sulphide of 
ammonhim^ buttliis method is not quite so exact, because sulphide of copper is slightly 
soluble in that reagent, and the precipitate oxidises more quickly than that formed by 
sulphydric acid. 

d. By i^inc or iron, A very exact mode of estiinating copper is to precipitate it from 
its solutions in the metallic state by moans of pure zinc. The solution, which may con- 
tain sulphuric or hydrochloric acid, but should bo free from nitric acid, is placed in a 
platinum capsule or crucible, previously weighed; a piece of zinc large enough to pre- 
cipitate all the copper is immersed in it ; and if the solution is neutral, hydrochloric 
acid is added in sufficient quantity to produce a modm’iitely brisk disengagt'ujcnt of 
hydrogen, the vessel being covered wifli a watch-glass, to prevent splashing. The 
copper is immediately precipitated, partly on the platinum in a compact layer, partly in 
the spongy form. As soon as all the zinc appears to be dissolved, the precipitate must 
be pressed in difiTerent parts with a glass rod, to make sure that there are no little 
lumps of zinc remaining ; the complete solution of the zinc may be insured by adding 
a few drops of hydrochloric acid, and ohserviiig whetlicr any further evolution of hy- 
drogen takes place. The clear solution i.s now to be decanted, and a drop of it tested 
for copper with ferrocyanido of potassium : if no coloration takes place, the precipitated 
copper may be washed with hot water by decantation, till the wash-water no longer 
gives a cloud with nitrate of silver ; the greater part of the water in the crucible is 
then poured off, as much as possible of the remainder taken up by filter-paper, and the 
precipitated copper dried as rapidly as possible at 100^" C., then left to cool and weighed, 
'l^he precipitation may also be perfonned in a glass or porcelain Vcjssel, but it is not so 
rapid hh in platinum ; it might, however, be accelerated by inserting a piece of plati- 
num foil. 

This process gives Veiy exact results, provided the zinc used is perfectly pure ; if, 
on the other hwd, the zinc contains lead, or any other metal that will not dissolve in 
hydrochloric a^, that metal will mix with the precipitated copper and vitiate the re- 
sult. It is necessary also to avoid using a piece of zinc much larger than is necossaiy, 
as in that case, after all the copper is precipitated, an electric circuit may be formetl 
between this copper and the remaining zinc, which may cause a small portion of the 
dissolved zinc to be deposited on the copper in the metallic state, and to mix itself 
.80 intimately therewith, as to render its subsequent separation by hydrochloric acid 
very difficult, (H. Hose, Chimie Analytique, ii. 267.) 
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Iron is not so good a precipitant as zinc, because it always contains carbon, which 
remains undissolyod and increases the weight of the .precipitated copper (Rose). 
Horeoyer, unless a certain excess of hydrochloric acid is present, basic salts of iron 
are sure to be formed, which remain with the ^per and increase its weight ; and, on 
the other hand, if much free hydrochloric acid is present, a poj^on of the precipitated 
copper is likely to be dissolved in the form of cuprous chloride. (Field, Chemical 
News, i« 62.) 

s. Othtr modea of precipitatwn . — The following methods have been recommended, 
but their results are; on the whole, not to be depended upon so much as those of the 
methods previously given, ec. By avlphocyanate of 'potassium^ in a neutral or slightly 
acidulated solution of copper, previously treated with an iilkaline sulphite, to reduce 
the cupric salt to a cuprous salt. The precipitate, after being left to settle, is collected 
on a weighed filter. Washed, dii«l at 100° C.,and weighed, the copper being calculated 
from the weight of the cuprous sulphocyanate, (Cu*)''0*N'S'‘*, which contains 62*6 per 
cent, copper (Rivo t). According to Rose, the method is not quite exact, because the 
sulphocyanate of copper is sliglitly soluble in water. 0. By boiling the cupric solution 
with hypomdphiie of sodium, 'J"Ue copper is then completely precipitated as sulphide, 
provided the quantity of the reagent added be only just what is required; but an 
excess retains a portion of the copper in solution as cnproso^potassic hyposulphite. 
Tho method is therefore very uncertain. 7. By iodide of potassium., which throws 
down cuprmis iodide ; but the precipitation is never complete. 5. By introducing a 
weighed piece of metallic copper into a solution of a cupric salt supersaturated with 
ammonia, and diluted with de-aerated water, so as iocompletolyfill tho containing vessel, 
which is then tightly closed. A quantity of copper is thereby dissolved just sufficient 
to convert the cupric oxide, CiiO, in the solution into cuprous oxide, Cu*0, — that 
is to say, a quantity etjual to that which previously existed in the solution. Hence, 
if tlie copper plate be weighed after tho reaction is complete, tlie loss of weight gives 
the quantity of copper in the original solution. This method, given by Levol, is a 
modffication of F u c li s ’ s method of estimating sesciuioxide of iron. (See InoN, Estima- 
tion OF.) Accortling to H. Rose {Chimie AnaJytiiiuc^ ii. 269), tho quantity of copper 
which it gives is always too large. 

When copper exists in solution, in the form of a cuprous salt, it may be oxidised 
by nitric acid, and then precipitated by cither of tlie methods above given. 

If a solution of copjwr contains organic matter, but no fixed inorganic substance, it 
may be evaporated to dryness, then calcined in a current of air, to bum off the organic 
matter and oxidise tlio copper, which may then be moistened with a drop of nitric acid, 
ignited, and weighed ; or the organic matter may be destroyed by eitlior of the pi*o- 
cesscs given in connection with arsenic (1. 366). 


Volwmirio Methods of estimating Copper, 

Tarkeds by cyanide of potassium {Mining Journal, 1851). — When a 

sclution of cyanide of potassium is slowly added to a blue ainrnoniacal solution of 
copped, the colour gradually becomes fainter and ultimattfiy vanishes, in consequence 
of the formation of cupro-cyanide of ammonium. The reaction is complicated, several 
double cyanides of copper and aramonimii being formed at first, but, according to 
Mohr, the ultimate result is the formation of tho compound CuCy*.2NH*Cy, containing 
4 at. cyanogen to 1 at. copper. On this supposition, each atom of copper (63*4 grs.) in 
the solution will require 4 at. cyanide of potassium (4 + 65 «■ 260 grs.) to precipitate it. 

To standardise the solution of cyanide of potaRsium, a known weight (6 to 10 grs.) 
of pure electrotype copper is dissolved in nitric acid, the solution boiled to expel nitrous 
fumes, then diluted with water to about half a pint, and treated with ammonia in 
excess ; and to the resulting blue liquid, the solution of cyanide of potassium is gra- 
dually added from the burette, till the deep blue colour is almost discharged and is 
replaced by a faint lilac tint. It is then left to stand for about twenty minutes, and if 
the colour does not coraplctelv disappear, a little more of the cyanide solution must be 
added from the burette, ana the liquid again left to stand till the colour has disap- 
peared. The number of burette divisions of the cyanide solution added will give the 
value in copper of a grain-measure (or of a cubic centimetre) of the solution. Thus, 
suppose that 200 divisions of tlie burette are equal to 1000 grain measures, and that 
147*6 divisions of the solution are required to decolorise a solution cont4ining 7*6 grains 

of copper; then 200 such divisions would decolorise a solution of ^ . T‘5 — 10*17 

gprains of copper. By repeating this determination two or three times with different 
quantities of copper, the moan value of 200 burette divisions may bo found. It is 
convenient to dilute the solution, so that 200 burette divisions shall correi^nd 
exactly to 10 grains of copper, 
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The standard solution of cyanide thus obtained is to be applied in exactly the same 
manner, to estimate the amount of copper in any ^dven solution. Thus, suppose 
37 grs. of a copper-alloy to be dissolved in nitric acid, and that the solution treated 
with excess of ammonia is decolorised, as above, by 320 burette divisions of the 
standard cyanide solution ; then the quantity of copper in the 37 grs. of alloy is 

* 16 grs., and the percentage of copper is ~ * 100 *» 43*2 per cent. 

This method is very extensively used for the assaying of copper ores. When care- 
fully performed, it will give the amount of copp^ correctly within OT or 0 2 per cent. 
It has also the great advantage of not being Wtiated by the presouee of iron in the 
Molutiou. Wlion this metal is present, the cyanide-solution should be added to the 
[Uiiinoniacal liqtiid without filtering off the suspended ferric o.ride; for this oxide holds 
an ainiuoniacal solution of copper with such tenacity, that it cannot be completely 
separatedj even by several hours washing with boiling water. The method may also 
be applied to tlio estimation of copper alloys ?Jid minerals containing tin, antimony, or 
arsenic, but not to such as contain zinc, nielcel, cobalt, manganese, or silver, because 
these metals likewise form double cyanides. (Field, Chemical News, i. 25.) 

Pvhni^ds method^ by sulphide of sodium. — The copper being dissolved in an 
acid, the solution is treated with excess of ammonia; and to the deep blue solution 
thus formed a solution of sulphide of sodium, of definite strength, is added. The 
copper is thereby precipitated in the form of an oxysulphide, CuO.SCuS. By adding 
the alkaline sulphide cautiously, it is easy to catcli tlie precise moment when all the 
copper is precipitated, because the liquid at the same time becomes colourless. The 
quantity of the solution of the alkaline sulphide used indicates the quantity of copper 
present. 

The exactness of t}ii.s method is not diminished by the presence of iron, zinc, cad- 
mium, tin, lead, or antimony, because the sulphide of .sodium does not begin to act on 
tlieso metals till the copper is completely precipitated ; it is essential, however, that 
the iron lie wholly in the state of sesquioxide. It is not necessary to separate the 
precipitate which sotne of these metals yield on the addition of ammonia, unless, 
iiuh'cd, it be very copious, in which case it irliglit disguise the colour of the liquid. 
But the process is vitiated by the presence of cobalt, nickel, mercury, or silver ; silver, 
however, and mercury, if in the state of mercurous oxide, may lie easily sepai’at<!d by 
hydrochloric acid. According to some chemists, this process is liable to uncertainty 
from two causes: 1st. Because the oxysulphide of copper reduces a portion of the 
protoxide to lurmioxide, thereby rendering the solution colourless before the })recipita- 
tioii is complete; 2iidly. Because a portion of the sulphide of sodium is oxidised and 
converted into hyposulphite. According to Field, lioweVer (Chemical Nows, i. 62), the 
process is very accurate, tbougli somewhat tedious. 

h\ ]\fohrsi7i(thod, — The coppcr-cornponiid liaving been weighed and dissolved in 
acid, is mixed, in a porcelain basin, with neutral tarti’.ate of potassium and excess of 
caustic potash, and then heated w’ith a quantity of milk-sugar or honey, sufficient to 
precipitate all the copper us cuprous oxide, the completion of the precipitatioji being 
indicated by the brown colour which the liquid then acquires. The precipitated 
cuprous oxide is then filtered, washed with liot water, and gently liodrd, together 
with the filter, with a mixture of pure f (jrri c chloride and dilute hydrochloric acid. 
It is thereby dissolved in tin? form of diehlorido of copper, tlio trichloride of iron 
being at the same time ro<luced to diehlorido : 

Cu^O -h IVCF + 21T01 = 2CuCB + 2FeCl* + H'O. 

In the filtered licpiid, diluted to a convenient strength, and heated to about 30® 0., 
the quantity of iron in the state of diehlorido is determined by a graduated solution 
of permanganate of potassium (see Iron) : 

K*Mn=0« + lOFeCB + lOHCl = 2KC1 + 2MnCB + 5Fe*CB + 8H*0; 
and thence the equivalent quantity of copper is readily determined. The presence of 
lead, zinc, bismuth, inaiiganese, or iron, in the alkaline solution does not interfere with 
the process ; silver or mercury must be separated before the precipitation of the 
cuprous oxide. (See i. 264.) 

2VHW s method (Compt- rend. xlvi. 230). — This is similar to the preceding, excepting 
that the reduction of the cupric to cuprous oxide is effected by adding a solution of 
sulphite of sodium te the copper solution, previously supersaturated with ammonia. 
The excess of sulphurous acid is then expelled by boiling with hydrochloric acid, and 
the copper estimated by means of sesquichloridc of iron and permanganate of potas- 
sium as above, This method is easier of execution than the preceding, inasmuch as 
fiF^-sugar is difficiilt to wash from the cuprous oxide. 

Oi Afohr^s method, — The copper is precipitated from its neutral solution by metal lio 
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iron (CuSO* + Fe — FeSO* + Cu), and the amount of iron in the solution esti- 
mated by means of permanganate of potassium. 

Fleitfnann's Twe^Aoi.—The copper is also precipitated by iron, but the precipitate 
is washed and dissolved in ferric chloride (Fo'-'Cl* + Cu == 2FeCl* + CuCl*), 
and the iron is determined by permanganate of potassium. This method gives good 
results. C. Mohrs process is less exact, and is quite inadmissible when iron is also 
present, as in the greater number of copper ores. 

Stren^s mvethod, — The cupric oxide in the solution is reduced to cuprous oxide by 
grape-sugar ; the precipitated oxide is dissolved in hydrochloric acid ; a solution of 
star<^ and iodide of potassium are added; and afterwards a standard solution of 
acid chromate of potassium, till a blue colour is produced, indicating that the 
chromate is in excess : 

3Cu^O + 2CrO» « 6CuO + Cr»0». 

The amount of copper is calculated by the formula : 

_ 100 . c . C 6Cu _ 37920 .c . C,^ 

* K'd.2CrO« . A “ 244-4 A. ’ 

where C denotes the number of grain -measure of the chromic solution used ; c the 
quantity of acid chromate of potiissium in 1 grain-measure of the solution ; A the 
weight of the cupriferous substance dissolved ; and x the rwjuired percentage of copper. 

Brown's method, — The copper solution is treated with iodide of potassium, 
whereby cuprous iodide is precipitat/ecl and iodine sot free ; 

2Cu(NO*)2 4- 4KI = Cu^P + 4KNO’ + P : 

and the free iodine is removed by moans of a standard solution of hyposulphite 
of sodium, whereby iodide and tetrutliionatc of sodium are produced ; 

2Na*S*0» + P = 2NaI + Na-S^O«. 

The copper-compound, if solid, an alloy for instance, is dissolved in nitric acid ; C 4 ir- 
bonate of sodium is added till a slight precipitate is formed, and the precipitate is re- 
dissolved in acetic acid (free nitric acid would vitiate the result by decomposing the 
iodide of potassium). A quantity of iodide of pota.ssium is next added, equal to, at least 
six times the weight of the copper to bo determined, and then the standard solution of 
hyposulphite in quantity sufficient to remove the greater part of the free iodine, which 
point will be indicated by the colour of the liquid changing from brown 1 o yellow. Lastly 
a clear solution of starch is added, and the addition of the hyposulphito is cautiously 
continued till the blue colour of the iodideof starch is completely destroyed. — The solution 
of hyposulphito of sodium is graduated by dissolving a known weight of pure electrotype 
copper in nitric acid, and proceeding as above, each atom of hyposulphito correspond- 
ing to 1 at. free iodine and to 1 at. copper, a.s shown by the prcoiiding equations. This 
method of estimating the free iodine is similar in principle to that of Bunsen (i. 265). 
If the copper-comjiound contains u largo quantity of lead or iron, theso metals must 
be removed before commencing the determination, because the yellow colour of the 
iodideof lead and the red of the acetate of iron would interfere wth the result (Chem. 
Soc. Qu. J. X. 71). The presence of iron niight introduce another source of error, viz. 
that the sesquioxide of iron would be partially deoxidised by the hyposulphito of 
sodium. The estimation of copper by this method in many alloys is very rapid and 
trustworthy. 

Field's nuthod. — This process also dewnds upon the reaction of iodine on cuprous 
salts. When a solution of iodine in iodide of potassium is added to the solution of a 
cuprous salt, both the free iodine and that which is in combination unite with the copper. 
Hence, if the solution of a cupric salt free from nitric acid be reduced to the cuprous 
state, by mixing it with sulphite of sodium, the excess of sulphurous acid then expelled 
by boiling with hydrochloric aci(^ the solution mixed with starch when cold, and a 
standard solution of iodine in iodide of potassium added from a burette, cuprous 
iodide will be precipitated ; and where the two solutions touch, a bright blue ring will 
be formed, which disappears at first on agitation, but becomes permanent when the de- 
composition is complete. An objection to this process, however, appears to be that 
the cuprous iodide has a great influence on the colour of the iodide of starch, rendering 
it paler and less distinct. {Chemical News, i. 74.) 

ScMff* 8 method.-— This method is founded on the fact that a solution of sesquichlo- 
ride of iron mixed with cuprous chloride is not coloured red by sulphocyanate of 
potassium. Hence, if a cupric solution be boiled with grape-sugar and alkali, till all 
the copper is precipitated as cuprous oxide, and this oxi(fo be dissolved in hydro- 
ebloric acid, the amount of copper contained in it may be determined by adding a 
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itftiidard solution of ferric chloride, till a drop of the liquid, placed on a white plate, is 
reddened by 8nlpho<^anate of potassium. 

The same method is applicable to the determination of the amount of cuprous oxide 
in a solution likewise containing cupric oxide. (Ann. Ch. Fharm. cxii. 372.) 

4. Separation of Copper from other Metals, 

From the metals of the second and third groups (i. 217), and from all non-metallio 
elements, except selenium and tellurium, copper is easily separated by sulphydric acid, 
which throws it down as sulphide. From the metals of jkhe first group (arsenic, antimony, 
&c.), uJ'd from selenium and tellurium, it may for the niost part be separated by the inso- 
lubility of its sulphide in the sxdphides of the alkalir-metals. This metliod cannot, however, 
be depended upon for the separation of very small quantities of ar^^Mwand antimony fvom 
copper. Bloxara has shown that it is altogether fallacious when the quantity of arsenic 
present does not exceed 1 per cent, of the copper. Of ti n, much larger quantities may be 
overlooked, if the separation is based on the solubility of its sulphide in sulphide of 
ammonium. According to Fresenius, the separation of tin from copper is more easily 
effected by digesting the sulphide with yellow sulphide of sodium ; but to render the 
separation complete, the digestion must be repeated throe or four times. 

Antimony is more easily separated from copper than arsenic or tin by means of 
sulphide of ammonium ; but the method does not appear to be capable of detecting 
less than 0*03 per cent, of antimony in copper. 

According to Abel and Field (Chem. Soc. J. xiv. 290) the separation of arsenic 
from copper may be much better effected by passing sulphydric acid gas, to complete 
saturation, through the solution of the two metals mixed w’ith excess of ammonia; the 
copper is then precipitated while the arsenic remains in solution. In this manner yjg 
per cent of arsenic may be detected in copper. 

When the amount of arsenic is not less than 0 2 per cent it may also be detected 
by digesting the sulphides in strong sulphide of ammonium for many hours. 

For the detection and estimation of extremely small quantities of arsenic and 
antimony, such as are oftiui met with in refined copper supposed to be pure (see Table, 
ii. 37), Abel and Field give the following process. 

About 200 grains of the metal are dissolved in nitric acid, a small quantity of nitrate 
of had is added, equal to about 10 grains of the salt, and subsequently an excess of 
ammonia and carbonate of ammonia. A precipitate is thereby formed which may con- 
sist of oxide, carbonate, arsenate, and antiraonate of lead, and oxide of bismuth, the 
whole of the copper remaining in solution. The precipitato is separated by filtration, 
thoroughly washed, and digested in a strong solution of oxalic acid, which dissolves the 
ar.senic and antimony. The filtrate is mixed with sulphide of ammonium ; or, better, 
it is rendered alkaline by ammonia and sulphydric acid gas passed into it to saturation. 
Traces of sulphide of copper then generally separate ; after they have been removed, 
the filtrate is (bluted to 8 oz., and slightly acidulated with hydrochloric acid. If any 
larger amount of arsenic or antimony is present, an immediate precipitate will be 
formed ; if not, the vessel should be exposed for a few hours to a temperature of 140® 
to 200® F., when the metals, if present, will appear as sulphides, the precipitate being 
orange-coloured or yellow, according as antimony is present or absent. 

The precipitated sulphido.s arc oxidised with strong nitro-muriatic acid, the clear 
solution is mixed with sal-ammoniac and excess of ammonia, and the arsenic is precipi- 
tuted by sulphate of magnesium as ammoiiio-magnesian arsenate. The liquid filtered 
from this precipitate is slightly acidulated with hydrochloric acid and the antimony 
is precipitated by sulphydric acid as tri.sulphidc, to be ultimately determined as 
tetroxide (i. 320). If the presence of antimony and arsenic has been previously as- 
certained, the precipitation of these metals as sulphides from their solution in oxalic 
acid may be dispensed with, and the arsenic at once precipitated as ammonio- 
magnesian arsenate. 

A good method of separating copper from arsenic in the analysis of minerals is to 
evajKirate the solution nearly to dryness, add hypochlorite of sodium in considerable 
excass, and boil for about 20 minutes. All the arsenic then dissolves as arsenic acid, 
while the copper is left behind as black-oxide. (Field, Chem. Soo. J, xiv. 169.) 

From bismuth, copper may be completelv separated cyanide of potassium, which 
precipitates the bismuth as cyanide, ana retains the copper in solution as potassio-cupric 
eyanide. If the solution contains a large excess of acid, it should be nearly but not 
quite neutralised with potash before the cyanide is added. The filtrate is boiled with 
hydrochloric acid containing a little nitric acid, to convert the copper into chloride, 
and the copper is then precipitated by wtash. The two metals, if precipitated as 
sulphides, may also be separated by (graniae of potassium, which dissolves the sulphide 
of copper and loaves the sulphide of bismuth. 
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If die two metals are dissolved in nitric acid, and no sulphuric acid is present, the 
separation may be completely effected by adding hydrochloric acid, and wen a largo 
quantity of water, wliich throws doiMi the whole of the bismuth as oxychloride. If 
tne solution is very acid, it should first be concentrated by evaporation. If sulphuric 
acid is present, the separation must be effected by cyanide of potassium. 

The old method of separating copper from bismuth by means of carlx)nate of am- 
monia, does not give exact results, some of the copper always remaining with the 
precipitated carbonate of bismuth, unless the solution and precipitation are repeated 
several times. 

Wlien bismuth and copper exist together in an alloy, they may be separated by 
heating the alloy strongly in a stream of chlorine. Chloride of bismuth then passes 
over, and may be received in water, wdule the copper remains as protochloride, which 
may be dissolved in water acidulated with nitnc acid, and precipitated by potash. 
(H. Rose.) 

For detecting the smMll quantities of bismuth often found in commercial copper and 
copper ores, the following method is advantageous. The copper being dissolved in 
nitric acid, a solution of nitrate of lead (about 6 parts of the salt to 100 of copper 
dissolved), is added, then ammonia and carbonate of ammonia ; the precipitate is 
washed with ammoniacal water and dissolved in acetic acid ; iodide of potassium is 
added in considerable excess, and the liquid is warmed till the precipitated iodide of 
lead is redissolved. On cooling, the iodide of lead will be deposited in crystalline 
scales, which, if free from bismuth, are of a pure gold-yellow colour, but if bismuth is 
present, assume a dark orange or crimson tint. This test is extremely delicate, even 
0*00025 of a grain of bismutli in 100 grns. of copper imparting a dark orange tint to 
the iodide of lead, while 0 001 gr. imparts a reddish-brown tinge, and 0 01 gr. a blight 
crimson. (Abel and Field, loc. cit . ) 

From lead, copper maybe completely separated by treating the solution with a 
mixture of dilute sul^ihuric acid and alcohol^ which throws down all the load as sulphate. 
The filtrate is then boiled to drive off the alcohol, and the copper precipitated by buI- 
phydric acid. 

The separation may also be effected l)y cyanide of potassium, in the manner above 
described for bismuth. 

The separation of these two metals by carbonate of ammonia is never quite complete, 
still less by caustic potash. 

For determining the small quantities of lend and bismuth found in commercial 
copper, Abel and Field give the following method, founded on that above dcscribetl for 
the estimation of arsenic and antimony. 

The nitric acid solution of about 200 gms. of the copper is mixed with a small 
quantity of solution of phoapliate of sodium ; ammouia is then added in excess, and 
the precipitate is purified from copper by washing with ammoniacal water. This pre- 
cipitate is then dissolved in hydrochloric acid; the solution, rendered alkaline by 
ammonia, is treated with excess of sulphydric acid; the precipitated sulphides of lead 
and bismuth are thoroughly washed, aud dissolved in dilute nitric acid ; and the solution, 
nearly neutralised with ammonia, is digested with a small quantity of hydrated oxide 
or basic nitrate of copper, which precipitates the oxide of bismuth, ivhile lead remains 
in solution. The washed precipitate is dissolved in nitric acid, and the bismuth is 
separated from the copper by ammonia; the oxide of bismuth thus obtained is purified 
by washing, and its weight determined in the usual way. The solution containing the 
nitrates of lead and copper is mixed with carlKinate of sodium and excess of acetic 
acid, and the lead is precipitated as chromate by acid chromate of potassium. [It 
might also be precipitated by sulphuric acid and alcohol.] If the copper contains iron, 
that metal will be precipitated togctlier with the bismuth. In this case, the precipi- 
tate must be redissolve<l in an acid, and the bismuth precipitated as sulphide by 
sulphydric acid. 

From cadmium.^The best method of separating copper and cadmium is to mix 
the solution with cyanide of potassium^ till the precipitate first formed redissolves, and 
pass sulphydric acid gas through the liquid. Sulpliide of cadmium is then precipitated, 
while the copper remains dissolved as sulphide. J^ie filtrate is then boiled with hydro- 
chloric and a little nitric acid, till all the hydrocyanic acid is expelled and the copper 
is precipitated by potash. 

Uopper may also be separated from cadmium by carbonate of ammonia, in which 
carbonate of cadmium is insoluble; also by sulphocyanate of potassium, which precipi* 
tates the copper (ii. 58), but not the cadmium. 

From silver, copper is separated by precipitating the silver as chloride. 

For the separation of copper from mercury, gold, platinum, and the allied 
metals, see those metals. 
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6, Valuation of Copper Ores, 

I. By the dry way.— The ordinary method of assaying copper oi^ consists of a 
series of proceaees, similar in principle to the oprations or smelting on the largo 
pcale. Oxidised ores and furnace-products, if moderately rich, are melted with black 
tlux (a mixture of nitre and burnt tartar), whereby a button of metallic copper is 
obtained^ which, if necessary, may be subsequently refined, Poorer oxidised ores and 
slags are first melted with iron pyrites, to obtain a regulus containiag cuprous sul- 
phide, which is then treated as below. 

^ Sulphuretted ores and furnace-products, if rich, are first roasted in a muffle, to con- 
vert the sulphides into oxides. Poorer ores, like those of Cornwall, containing from 
6 to 10 per cent of copper, are first fused with a mixture of nitre and borax, whereby 
a portion of the sulphur is removed ; the siliceous and earthy nudters are separated in 
the form of a ritreous slag, and a button of regulus is ol)tained, containing the whole 
of the copper as sulphide, which may then be roasted. The roasted ore — or regulus — 
is next melted in a crucible, with black flux and a mixture of borax and glass; the 
more oxidable metals then pass into the slag, and the copper is reduced to a button 
of coarse copper ^ which may be refined either by fusing it with borax in a current of 
air, or by expelling it with lead. 

This prrx*e8S docs not yield very exact results, the percentage of copper which it 
shows being always less than that obtained by the wet method of assaying. For 
details, see Urds llictmiary of Arts ^ Manufactures and MineSj i, 839 ; Perefs Metal- 
lurgy, i. 464. 

Ptattners method, — This method, whicli is exact, but somewhat difficult of execu- 
tion, serves to dett^rmine the quantities of copper, lead, bismuth, cobalt, and 
nickel, existing in ores, slags, alloys, &c.: it involves the following series of opera- 
tions. 

a. Poasting.^X^iO cents* of tlio ore, containing sulphides or sulphates, is roasted 
on a roasting test {Jig, 142), first per scy then with carbonate of ammonia, till all the 
snlplmr is expelled. Ores containing gypsum, heavy spar, or al- 
kaline sulphides, and in which the metals are united with sulphur Fig. 142. 

or arsenic, are prepared for roasting by fiising 100 cents of the ^ 

ore with 100 cents of vitrified borax or glass, and 10 cents of 

colophony, under a layer of 300 cents common salt, in a covered 

crurible heated for J to ^ hour, in a muffle or air-furnace : a regu- 

lus is thereby obtained containing the metals. If tho metals aro *-■ ■■ ■ 

in the form of oxides, associ.Tted with gypsum or heavy spar, 

fiom 10 to 30 cents of metallic arsenic mu.st be added to the preceding mixture. The 

sulphide of sodium, which is produced by the action of tho sulphur on the borax, and 

passes into the regulus, is w’-ashed out with hot water. 

b. CVmmrsion (film metals into Arsenides, — The roasted ore or regulus is tritu- 
rated with 100 cents of metallic arsenic, and heated for 8 or 10 minutes in a covered 
assay crucible {Jig. 143), placed in a closed red-hot muffle, as long 

as combustible arsenic vapours are evolved. Some of tho metals are Fig, 143. 
thereby converted into arsenides, viz. Cu^As*, Pb^As*, Co*A8=, Ni'-^As*, 
and Fe-^S ; part of the iron is converteil into forroso-ferric oxide ; unde- 
corn|)osod sulphate of lead into sulphide ; antimonious oxide into ar- 
senide of antimony; oxide of bismuth into arseniferous metallic bis- 
muth, while the oxide of zinc remains unaltered. 

Substances not originally containing sulphur, such as black copper, 
nickel-silver, slags containing cobalt and nickel, &c., are treat^ in 
tho finely divided state (filed, laminated, or pulverised), in quantities 
of 60 to 100 cents, with 100 cents of metallic arsenic as above. The 
product is either a sintered button or a fused muss. 

c. Union of the resulting metallic arsenides into a whohy and sepa- 
ration of the Lead and Bismuth by fusion with appropriate fiuxes , — If the crucible 
used in the preceding operations is free from cracks, ana gives a clear i^ging sound 
when struck, the mass contained in it is covered with 10 to 20 cents of iron wire (ac- 
cording to the amount of lead present), a mixture of 200 cents of black flux, and 
60 to 100 cents of vitrified borax (the quantity being greater as the amotmt of earthy 
matter in the assay is less), and the whole is covered with 800 cents of purified common 
Balt, and a lump of charcoal. If tlie crucible has been injured in the preceding opera- 
tions, a new one must be taken. The crucible, with its cover on, is heated in the 

here ipoken of, !• not the weight lo-called bv the Comlih aesAyerf, (:e 4 ffrains), but that 
r.!! w m German aitayfng U called a pound, 100 of which make a Probir-centner, equal to a*76gramnief 
tor 07-86 grainf > at FrHberg, ai^ 8*664 i^rammea In the Oberhars. 




mufflo-ftirnace for 26 — 30 minutes, or in the air-fhmac^ rather longer, to a temperature 
gradually raised to the melting point of copper. A buccmsM operation yields a well 
fused slag of dv*)^ to black colour, corered with a grey crust of common salt, ant 
at the bottom a regulus, on which, if the substance under examination contains lead 
that metal is fotind to haTe separated either on the bottom or at the side. In tin 
former case, the lead is remered with the knife ; in the latter, the regulus, with the lea( 
side nj^rmost, is broken up in a mortar, the malleable lead then separating from tli 
brittle atonic compound, which is mixed with a few cents of colophony, and reflerve< 
for further treatment. The lead contains nearly all the silver in the ore, together wit! 
the bismuth and a little antimony, but no copper. If lead is absent, the bismuth sepa 
rates in like manner on the surface of the regulus ; but, being brittle, is not so easily 
separated from the arsenides. In this case, it is necessary to add from 10 to 20 cents o 
granulated lead, as well as 15 — 25 cents of iron; the excess then gives approxi 
inately the quantity of bismuth. It must, however, bo remembered that about 4 po 
cent, of lead is lost in the process. 

d. Separation of the Arsenide of Iron and of the Zinc from the Arsenides of Cobalt 
Jfkkelt and Copper by oxidising ftisimi on a Seorifier, — The arsenides are placed 

together with 60 to 76 cents of borax, on a seorifier {fig, 144) 
Fig, 144. surrounded with glowing coals at nearly a white heat, and fusee 
at a strong heat with the mufOo closed. After a minute or tw< 
the muffle is partially opened, and as soon as the assay hai 
acquired a bright vaporising surface, it is brought a little neare: 
to the orifice of the muffle, and the temperature is so regulatec 
that small films of oxide may form upon the aurfiice, and pass into the borax. If th< 
temperature is raised too high, the assay becomes bright, and if it be kept too low 
the entire surface becomes oxidised. The process is complete when the surface be 
comes tranquil, and fumes of arsenic begin to escape. At that stage, the whole o 
the iron and zinc tu’c separated, the latter by seoriflcatioii and volatilisation. I 
the assay becomes covered with a crust before the temperature falls, there is a de 
ficieney of borax, and the process must be repeated on a new seorifier with fresh borax 
The button thus obtained is left to cool partially, then completely quenched in water 
and carefully cleaned from slag by tapping it with a hammer. If the assay 1ms beei 
removed from the muffle at the proper time, the slag will bo quite free from cobalt 
nickel, and copper. 

e, itemoval of the excess of Arsenic by wlatiUsaiion, — The metallic button still con 
tains excess of arsenic, which is expelled by mixing it, according to its size, with A to ] 
cent of borax-glass ; laying it, wrapped up in thin paper, on a lump of charcoal having j 
cavity about half an inch deep, or on a seorifier made of powdered coke and pitch ; melt 
ing it in a closed muffle ; ana, when the metal exhibits a sliining surface, and begins U 
give off arsenic vapours, exposing it, with the muffle open, to a moderate heat till it m 
longer gives off vapours of arsenious acid with rapidity, and such vapours are in 
longer perceptible on taking the seorifier out of the muffle. Tlie button, which then so 
lidifies with a dull black surface, is weighed; it contains the definite compounds 
Co«As*, Ni^As* and Cu«As*. 

The borax-glass dissolves the basic arsenite of cobalt, which is apt to form on tin 
surface of the melted assay if the temperature is not kept high enough, and migh 
hinder the volatilisation of the excess of arsenic. This salt is again reduced to tin 
metallic state as soon as it comes in contact with the carbonaceous support. 

f Separation of the Arsenides of Cobalt from the Arsenides of Nickel and Copper 
and determination of the amount <f Cobalt. — The weighed button of regulus wrappec 
up in paper, is laid upon a Tscorifier containing from 10 to 30 cents of borax, sur 
rounded with hot coals and heated nearly to whiteness ; the muffie is closed ; and tin 
assay quickly brought to coruscation. The seorifier is then brought nearer to the open 
ing of the muffle ; a few pieces of charcoal are laid in front of it; and the arsenide o 
eobalt, which is the most oxidable of the throe arsenides present, is left to be .scorifiec 
by the borax, — at a temperature at which the fused assay exhibits a clean but not spe 
cular surface, — ^till the surface becomes covered with a green film of arsenite of nickel 
If the substance under examination does not contain cobalt, this appearance is ob 
served in the preceding operation, e. The loss of weiglit which the regulus has sus- 
tained, consists of Co^As*, containing 61 per cent, of cobalt. 

g. Separation of the Arsenide ^ Nwkd from the Arsenide of Copper To scorif) 

the arsenide of nickel, the button of regulus still containing Ni*As* and Ca*A8*,i« 
treated with borax in the manner above described, till the melted metaJ become* 
bright, no more green films forming on its surface, and it begins to give off arsenic va- 
pours from the decomposition of the arsenide of copper. The chief point to be a^ 
tended to in this operation is the due regulation of the temperature, which must b« 
lower in proportion as the assay contains a larger proportion of the easily fusible a^ 
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Benide of copper. The loew bf weight consists of Ni*As*, and a portion of arsenic vola- 
tilised from the areenide of copper ; the nickel cannoty therefore, be calculated directly 
from this loss, but must be estimated after the amount of coppOT has been determinei 
The separation'of the arsenide of nickel from the arsenide of copper may be etfected 
with sufficient accuracy, even if the proportion of copper is below 1 per cent. 

h. Volatilisation of the Arsenic combined with the Copper^ and di terntinaf ion of the 
pnmortions of Nickel and Copper. — The button of regulus, wrapped up in paper, 
is laid u 2 X)n a glowing charcoal scorifier ; the miiffio is closed for a while ; and ns soon as 
the button is fused, the scorider is brought near to the mouth of tJic muffle, which is 
heaped up with red-hot coals to the lieight of about 1^ iiKih ; and the assay is kept at 
a temperature alx>ut equal to that requirc<i for the cupellution of silver, till films of 
l)asic cuprous ursenite begin to sliow themselves here and there on the dean surface 
of tlie metal It is then exposed lo a higher temperature, till it exhibits the bluish 
uToeii colour of pure copper, and the films w'liich form upon it, make their appearance 
uo longer on the sides, bur, at the top. The assay is then taken out of the fire and 
cooled. The button of copper, whatever its colour and texture, must be malletible, and 
JjHve a small quantity of cuprous oxide on its surface. 

The weight of tho copper button gives directly the proportion of copper in the 
a<say. To determine the nickel, tlie copper is calculated as Cn^As*; tJie resulting 
weight is dwluctcd from the known weight of the arsenides of nickel and copper toge- 
t ln r, and the difference gives the weight of the Ni^ As*, which contains 61 per cent, of 
uick(^l. 

The process of assaying just described may be greatly shortened if one or more of 
the metals above considered are absent. If, for example, the cupriferous substance is 
free from nickel and cobalt, as is tho case 'with most copper ores and many products ob- 
tiined in copper smelting, the operations f and // become unnecessary, and the process 
is rv'duced to the separatioii of arsenide of iron, including more or less antimony and 
•/ine (/;) from the arsenide of copper, and the separation of the arsenic from the copper 
by volatilisation. (Plattnor, Tliitrag eur Krweiterung dcr Problrkimstt T’rcibei’g, 
I S 19 ; KerV s lliittenkmide, ii. 140.) 

11. Assaging of Copper Ores in the wet wag. — The ore being dissolved in nitric acid, 
the determination of the copper may be made by either of the methods given on pages 
57—60. Of tlie methods by weight analgsi.% however, the one that is generally, 
indeed almost exclusively, employed, is the precipitation of tho copper by iron, as it 
lias tlie advantage of not requiring any special treatment for separating the copper 
from the iron in the ore. More exact results would be obtainwl by the use of pure 
rinc as tho precipitant (p. 67). 

Of the nolumeirio methodSy that of Parkea is the one most genei’ally used for tho 
valuation of copper ores, as it likewise is not interfered with by the pivsenco of iron, 
which nearly all these ores contain, lirown’s process is exact and expeditions, but ii 
requires ttic removal of iron and lead. It is, however, unaffect(.‘d by tho presence of 
arsenic, antimony, tin, or Kinc, and is therefore very useful for tho analysis of alloys. 

An expeditious method of ohtaining an approximate estimate of the quantity of 
copper in an ore or slag, is to dissolve a given quantity of it in nitric acid, mix tho 
solution with excess of ammonia, and compare the colour with those of a series of 
Stan dard solutions prepa red in a similar m aimer. ( J a c q u e 1 i n . ) 

6. Atomic Weight of Copper. 

The atomic weight of copper has been determined bv reducing a weighed quantity 
of the protoxide with hydrogen, and weighing the residual metal. In this manner, 
Berzelius, in 1820 (Pogg. Ann. viii. 182), obtained, as a mean of two experiments, 
tho number 63'3, Erdt&ann and Marchand (J. pr. Chem. xxi. 386) found, ns a 
moan of five closely agreeing experiments, made witli cupric oxide obtained from the 
nitrate, the number 63’46, which may bo received as very near the truth. Dumas 
(Ann. Ch. Pliys, [3] Iv. 129) by tho same method, and from the weight of cuprous 
sulphide produced from a given quantity of copper, obtained numbers varying between 
63*0 and 64*2, whence ho regards 63*6 as the true atomic weight, 

COWBA. SMBRAZiD. Syn. with Dioftasb. 

copras, r&uoszBZB or. m fluoride of Coppery or Cupric Fluo~ 
IS formed by dissolving cupric oxide or its carbonate in excess of aqueous hydro- 

uoric acid (metallic copper is not sensibly dissolved by the acid), and ovaptirating 

6 resulting blue solution. As the excess of acid goes off, small, light blue crystals 
separate from the liquid. If the quantity of <mpric carbonate is sufficitmt to ncutraliso 

10 greater part of the acid, tho compound separates out during the digestion ,* with a 
^ ^ Wfger quantity of carbonate, the oxy fluoride Cu*F^O + 11*0 is formed (Berzelius). 

10 crystals, whicii are but sparingly soluble in cold water, are decomposed by hot 



66 C0PP5%|illEr-C0PPEB : IODIDES. 

water, yielding aii acid aol^ioto aad tlie iwolub^ oxy fluoride. The cryitaU hea^ 
whJi sulphuric acid yfcld per cent, of cupric sulphate, and when ipited with 
excess of lead-oxide off 26*3 per .cent, of water (B era el i. us). Difiuorido of 
copper combines with w jluorides of the alkali-metals, forming fblac^.coHipoundf. 

The Monoflud¥id$^ or Cuprous Fluoride^ Cu*F*, is obtained by treating 
cuprous oxide with aqueous hydrofluoric acid, washing the product with alcohoil, ftfcea 
pressing ^nd drying. It is a red powder, which melts when heated, appearing black 
while in the liquid state, but recovering its red colour on cooling. In the. dry 'State it 
is permanent iu the air ; but when moist it is converted, first into a yellow mixtuafe of 
^upric duorido and hydrated cuprous oxide : 

2Cu 2F 4- 0 = 2CuP + Cu*0; 
and afterwards into green cupric oxyfluorido : 

gCuF'* 4- 2Cu«0 4- « 2(CuF*.2Cu©). 

It is insoluble both in water and in excess of hydrofluoric acid, but soluble iin .•strong 
hydrochloric acid. In the latter it forms a black solution, from which it is precipi- 
itatod by water in the form of a powder, which is white at first hut. afterwards becomes 
ro.se-coloured. (Berzelius, Fogg. Ann. i. 21.) 

JSorojluoride of Copper, OuB*F^ (see i..^3i). 

COPPBl^ GREW. (See Tetrahedritk.) 

COPPER, HYDRIDE OF. Cu^IP. AVben a solution of cupric sulpimte is 
heated with hypophosphorous acid to about 70® C., hydride of copper is -deposited as a 
yellow precipitate, which soon turns red-brown. It gives off hydrogen when heated ; 
■takes fire in chlorine gas ; and when treated with hydrochloric acid, is converted into 
cuprous chloride, with evoluiion of a double quantity of hydrogen, the acid giving up 
its hydrogen us well as the copper-compound : 

Cu^H'^ 4- 2HCI - Cu^CF + mJL 

This action is remarkablo, inasmuch as metjiilie copper is but very slowly act^ upon 
by hydrochloric acid. It uffordH, indecil, a striking instam'e of the poLirity of atoms 
alluded to in the articles Chkuicai, Affinity (i. Sot), and Contact Actiok (ii. 14). 

COPPER, XSTDIjSltO. See Co pipes, Svc^phidi-^s of (p. 7^). 

COPPER, XODPDE8 OF. Cupric Iodide, CuP, is not known in the free 
state. An ammonio-cifpriG iodide, CuP.4NH® + H-Q, is produced when cuprous 
iodide, moisteaed with ammonia, is exposed for some time to the air, a blue solution 
being then formed, which, when mixed with alcohol, yields small, d]urk-<blue tetra- 
hedrons of the ammonio-iodide (Rammelsborg, SPogg. Ann. xkiii. 162). Ac- 
cording to H. Hahn, it fonaa crystals belonging to the tarimetric system, with the 
faces 00 too .ooP.Poo. |t*oo.^Poo.P. Ratio of axes «» 0'3362 : 1 : 1*462 
(Jahresber. f. Chem. 1859, p. 217). According to Berthemot, the same com- 
pound is obtained by mixing a concentaiaibed ammoniacal solution of ammonio-cupric 
chloride, or sulphate, with iodide of potassium, it is soluble, without decomposition, 
in ammonia and in admail quantity of water ; but a large quantity of water, especially 
if hot, decomposes it, with separation of a green oxyiodide. Alcohol and ether do 
not act upon it in the cold, but decompose it when boated. This compound exposed 
to the air gives off ammonia, and loaves green oxyiodide. When heated, it fii*st 
gives off iodide of ammonium, then detonates and leaves a brqwn-red residue con- 
taining eupi*ous iodide. 

Cuprous Iodide, }A*produoed: 1. By hestitig tnely dWded copper with 
iodine. 2. By precipitating a solution of cuprous chloride in lijdmhloric acid with 
iodide of potassium, or by adding iodide of potassium to the Cblution of a cupric 
ealt mixed with sulphite or hyposulphite of sodium. 3. By precipitating a dissolved 
cupric salt with iodide of potassium, half of the iodine being set free : 

t 2CuS0* 4- 4KI = 2K^0^ 4- Cu*I« + 1*. 

The precipitate aunt be washed with alcohol, to fbee it from adhering iodine. 4. By 
precipitating the piteous solution of I at. cupric sulphate^ and at least 1 at* ferrous 
sulphate, with iodide of potassium (Soubeiran, J. Pharm. xii. 427 ) ; 

2CuS0* + 2FeS0* 4- 2KI » K*S0* 4- (Fe*)^(S0*)» 4- Cu*P. 

6* Bi^uerel, bjy the electrolytic process, obtained iodide of copper in oetaliedrofiia> 

Cuprous iodide, obtained by precipitation, is a browni*di-white powder. When 
heated, it gives off 4 per cent, of water,— agreeing with the formula 2Cu*I.H*0,— and 
at a red heat fuses into a brown mass, which yields a gmen powder. It is bat 
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imperfectlj decom^sed l>y ignition in a stream of hy^o^ yas (H. Ko^e, Pofg, 
Ann. iv. 110). When ignited with of nmngaiusB^ it is resolved into iodine 

vapour and cupric oxide (^SouheinMi). With nitric acid^ it jields vapour of iodine, 
nitric oxide gas, and cupric nitrate; and with strong stUphuric acid^ it yields iodine 
va^wur, sulphurous acid gas, and cupric sulphate : 

Cu*I^ + 4H*SO^ « 2CuSO* + I* + 2SO* + 4H*0. 

Cuprous iodide boiled with water^ and zinc^ tin^ or iron^ yields metallic copper and a 
dissolved iodide of the other metal (Berthe mot, J. Pharm. xiv.^^H). Aqueous 
fixed alkalis form metallic iodides and separate cuprous oxide ; a similar reaction iS 
produced hy carbonate of potassium or sodium, carbonic acid being lil&wise evolved. 
Cuprous iodide is not decomposed by baryta, stroutia, lime, or aluiUiijuk (Ber- 
themot) 

Ammonio-cjjprous iodide. Cu*1^.4NH*. When dry ammonia-gas is passed over 
cuprous iodide, the compound absorbs ammonia, becoming hot, and acquiring a 
brown colour; but on applying a gentle heat, the whole of the ammonia is driven otf 
(Rammelsberg^, When plates of copper are enclosed in a bottle together with a 
cupric salt strongly supersaturated with ammonia, the liquid being frequently shaken 
till it loses its colour, and then poured into a bottle containing aqueous iodide of po- 
tassium, which must be afterwards closed, ammonio-cuprous iodide separates, partly 
in colourless shining prisms, partly as a w'hite crystalline powder. It cannot be dried 
without decomposition, as it gives off ammonia when expased to the air. The colour- 
less liquid from which the compound has separated, turns blue in the air from forma- 
tion of ammoiiio-cupric iodide. (Levol, J. Pharm. [3J iv. 328.) 

copp£s, mnzBs of. Cu^^n* This compound is formed, together with 
w'ater, when dry ammonia gas is passed over very loosely coherent cupric oxide heated 
to 250^ C. Tlie product, w'hich generally contains more or less undecomposed oxide, 
and soinetimcs a little nitrate, is a dark green, sometimes nearly black p)Owder, which 
Jit 300° C. is resolved into its constituents, with slight explosion. The temperature 
at which this decomp>osition takes place varies, however, with the nature of the sur- 
roundijig gas ; in oxygen gas it takes place at comparatively low temperatures ; in air it 
rt*quires a higher tempei*jiture, and in ammonia gas still higher. Sulphuric acid decom- 
poses it with violence, giving off nitrogen and leaving metallic copper ; other acids act 
ill a similar manner, those which, like 7iUric add, oxidise the copper, acting still more 
violently. In dry hydrochloric acid aas it yields sal-ammoniac and cupric cliloride. 
Chlorine produces cupric chloride, wdth evolution of nitrogen. Aqueous ammonia does 
not appear to eliminate gas from tlie compound, but becomes blue by contact with it. 
(Schrbtter, Arm, Ch. Pharm. xxxvii. 131.) 

When dry ammoniacal gas is passed over red-hot copper, the copper becomes crystal- 
line and brittle, but does not appM'ur to take up any gas (Gm. v. 444). From Dick’s 
experiments, it appears that copper is not rendered brittle by heating in ammonia-gas, 
unless it contains cuprous oxide, in which case the brittleness appears to be due to 
the porosity resulting from the reduction of the oxide by the hydrogen of the ammonia. 
{P( ray's Metallurgy, i. 278.) 

When a ball of copper connected with the positive pole of a six-pair Grove’s battery 
is made to dip into one end of along glass trough containing solution of sal-ammoniac, 
and a platinum plate connected wdth the negative pole into the other end, the sal- 
ammoniac being kept in excess, the liquid becomes blue, and a nitride of copper collects 
at the negative pole, in the foi^ii of a chocolate-colourcd aggregation, which, after washing 
and drying, haa a density of*d*9. Ten grains of this ^bstance give off 0*214 cubic 
inches of nitrogen gas when heated, leaving metallic cop^. (Grove, Phil Mag. [3] 
xix. 100.) 

OOFFBR, OF. (See page 19.) The foDowing synonymes require 

special notice : 

Black Copper oro . , Native black oxide. 

Blue Copper ore , , Azurite or blue carbonate (i. 783). 

Emerald Copper ore • • Dioptase, Cu'SiO* + |aq. (See Silicatbs.) 

Grey Copper oro , • Tetrabedrite {q. v.) 

Green Copper oro . , Malachite or green carbonate (i. 788). 

Indigo Cooper ore . * Native protosulphide (ii. 74). 

Octahedral Copper oro , Native red oxide (ii. 70). 

Variegated Copper ore • Purple copper (ii. 80). 

Velvet Copper ore , , Native sulphate of copper and nluminimn. (See 

LaTTsoMiTB and Sulpmatbs.) 

Yellow Copper ore . , Copper pyrites (ii. 79), 

F 2 
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COPFSR, OXXIMBS or.— > 11 . Protojeide ae^^^upric oxide, Cu^O. Black oxid€ 
of copper ; Deuto.ryde de cuivre; Knpferoanjd.-^^i^n oxide is found native a« Mtla- 
conite or Bloick Copper {Kttpferschwdrse). "it q^rs abundantly at Kewonaw Point, 
Lake Superior,, in cubes (perhaps pseudomorpKs of red copper ore), with truTicaled 
aoglt^s ; more generally nnisaive. Specific gravity, 5*25 (Whitney), '6*952 (Ram- 
melsberg). Hardness a 3. Colour, dark steel grey in the crystals, black or 
greyish-black when massive. 

Cupric oxide is prepared: 1 . By continued ignition of copper in contact with tlio 
flir. 2. By exposing cupric sulpliate to an intense red heat, or the carbonate or 
nitmte to a moderate red heat. A convenient mode of preparing it for use in organic 
analysis is to ignite copper smithy-scales, moistened with a sufficient quantity of nitric 
acid to conrert the whole of the metal and red oxide into black oxide. As thns ob- 
tained, it is less hygroscopic than wluui prepai’ed by igniting the nitrate. The heat must 
not be raised too high, or the oxide will fuse, and will then be difficult to pulTcriso.— 
3. According to Picinua, cupric oxide may be easily prepared by exposing a mixture 
of 1 pt. copper filings and 2 pts. deliquesced cupric nitrate lo the air, till the whole is 
converted into a basic salt, and then igniting .this salt. — 4. Wlien caustic potash is 
added by drops to a boiling solution of a cupric salt till the acid is saturated, the whole 
of the copper is preeiintalod as anhydrous black oxide, which may be freed from potash 
by washing with boiling water. 

£Jupric oxide prepared as above has the form of brown-black brittle scales and 
granules, or of a brownish -black powder, wliieli, when strongly heated, assumes for a 
while a pure black tint. At a full red lieat, it melts and solidifies to a mass having 
a crystalline fracture. By heating it to commencing redness in a silver crucible with 
from 4 to 6 times its weight of hydrate of potassium, washing the fust^ mass witli 
water, andsepurating tlio floeculent cupric oxide from the cry.staliine portion by levigii- 
tion, it maybe obtained in regular tetrahedrons having a strong lustre. (Bec.quercl, 
Ann. Ch. Pbys. li. 122.) 

Jenzseh (Fogg. Ann. evii. 647) found ciystals of cupric oxide imbedded in cavities 
in the hearth of a calcining furnace at Freiberg; they were iron-black, shining, of 
specific gr.ivity 6*451, nearly as hard as fluor-spar, and hrionged to the trimetric 
system, exhibiting the faces oo P . f oe . P oo . JP. Inclination of faces : ooP : ooPai 
99^ 39* ; ooP : P 00 = n 3*^ 68' ; ooP : P oo *= 122*^ 68*. They were all twiji-ciy:stals, 
the face of combination being ooP. 

Oupric oxide is I'ccluctnl to the metallic state by gentle ignition with hfdrofjen or 
ckarooal; by hydrogen even at the temperature of boiling linseed oil. (Sclirfittor.) 

It is likewise reduced to the metallic state by poiasmum and sodmm, at temperatures 
somewhat below the melting jxiints of tho.se metals, and with vivid incandescence. With 
fused cyanide of potassium it yields copper and oyanate of potassium (L i e hi g). When 
gently Ignited with 'metallic copper, it is converted into cuprous oxide. With phos- 
phorus at a red heat, it yields phosphide and phosphate of copper. Mixed with 2dtos- 
photic oxide, it detonates sliglitly on the approach of a red-hot coal, and is converted 
into cupric -phofimhate and brightly glowing fus(*d globules of phosphide of copper 
(Leverrier). A mixture of cupric oxide with excess of sulphir is resolved at a red 
heat into cuprous sulphide, sulphurous anhydride, and a trace of cupric sulphate : 

2CuO + S* = Cu%S + SO'^ 

If, on the contrary', the cupric oxide is in excess, cuprous oxide and cupric jjulpliale 
are produced, and only a trace of sulphurous anhydride, excepting when the heat is 
raised to the point at which the cupric sulphate is docomposod (Max Jordan, J. pr. 
Chem. xxviii. 222) : 

70uO + S = CuSO* -t- 3Cu^0. 

When protoxide of copper is boiled with a solution of stannous ehloride, stannic oxide 
is precipitated, and cuprous chloride dissolved (Proust; A. Vogel, Kastn. Arch, 
xxiii. 86). Hydrated ferrous and cupric oxides are converted by mutual decompo.si- 
tion into hydrated ferric and cuprous oxides ; the latter of which may be dissolved out 
by ammoma (Leyol, Ann. Ch. Phys, lx. 320 ; also J. pr. Cltem. xiv. 116) : 

2FeO + 2CuO Fe*0» + WO. 

In presence of potash or soda, and with the aid of heat, cupric oxide is decomposed by 
arsenious acid^ the products being cuprous oxide and arsenate of potassium. The de- 
composition is effected by mixing 160 pts, (2 at.) of cupric oxide with 100 pts. (rather 
luojpe than A at.) of arsenious acid, and with excess of soda, and digesting the mixture 
at a -gentle neat, with frequent agitation, till all the protoxide of copper is converted 
into hemioxido : the solution contains arsenate of sodium : 

I 4CuO -H A8*0> -t- SNa^O 2Cu’*0 + 2Na»A80«. 
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W'lieii ammonia is used in place of soda, on!y half of the ppofoxide of copper is con^ 
verted into hemioxide : the rest remains dissolved in the ammonia, forming a blue 
solution, and no decoloration takes place till potasli or soda is added. A mixture of 
arsenious acid with carbonate of potassium or sodium or quick-lime "docs not convert 
the protoxide of copper into the liemioxide (Bonnet, Pogg, Ann. xxxvii. 300 When 
protosnhhide of iron is fused with protoxide of copper, sulphide of copper is formed 
(Karsteii). Protoxide of copper is reduced to tlie state of hemioxide by boiling it 
with various organic substances, e. g, with oil of tv rpentine. 

Uydfaitd Cupric Oxide, or Cupric llgdrote, or CuO.IPO, is foijned by 

precipitating a dissolved cupric salt in tlio cohl, with a slight excess of dilute caustic 
potash, quickly washing the blue precipitate with cold water, and drying it at the ordinary 
temperature of the air. The hydrate generally turns black from admixture of anhy- 
drous cupric oxide, even during the washing and drying. According to Palmstedt, it 
is more durable when obtained by the action of caustic potash on carbonate of copper 
previously well washed with M^ater. After drying, it forms greenish-blue friable lumps, 
having a conchoidal fracture ; its taste is strongfy metallic. In the dry state it remains 
uiideeomposed, even at 100° C., hut at a somewhat liigher temperature it is converted 
into anhydrous black oxide; thus, if the hydrate be h<‘ated on paper, the change takes 
jdace at a temperature not high enough to char the paper. It is converted into the 
black oxide, with considerable (liminution of volume, when kept for some time under 
water; also, by boiling in solution of caustic potash. Alcohol does not decompose 
the hydrate, cither in the fresh or in the dry state (Proust, Ann. Ch. Phys. xxxii. 41). 
Much of the Blue verditer or hrcnmi green which occurs in commerce, consists of 
hydrated eu})ri(* oxide, prepared by precipitating a solution of snljdiate of copper with 
caustic potash of 15° B., wasliing the precipitate, again treating it with caustic potash 
of 15° — 18° lb, and lastly washing it thoroughly. The potaah -solution must contain 
a little carbonic acid, in the state, in short, in which it rs obtained by slaking 50 pts, 
of lime in an aqueous solution of 80 pts. of pearlash ; otlierwise tlio colour will ba 
spoiled. (Oontele.) 

According to Fr6my (Ann. Ch. Phys. [3] xxiii. 101), hydrated cupric oxide, obtained 
by precipitating a solution of cupric sulphate in the cold witli a large excess of potash^ 
and then dryiiig in vacuo, contains Cii"lPO-*, or Cu0.2H*0. 

Cupric Oxf/gen-salts. — Cupric oxide has a strong affinity for acids, dissolving in 
them easily, and with evolution of heat, even after ignition; the hydrate and carbonate 
dissolve with still greater facility. The hist*ment:ioned compounds likewise dissolve 
in animoniacal salts, .and lilKTate the atnmoni.a on boiling. Tlie {Uiliy<Irous cupric s.alts 
are mostly wliito ; the liydrated suits liuve a Idne or green colour. They are for the 
most j)art soluble in water, and the solutions have a metallic taste and redden litmua. 
At .‘I red heat they give oft’ their acid, provided tlie acid is volatile ; the sulphate, 
however, requires u strong heat to decompose it. Por their behaviour with reagents and 
before the blowpipe, sco page 55. 

Am monio-cupric 0 a.’ u/c.— Cupric oxide appears to unite with amraortia in more 
than one proportion. A dark azure-blue liquid is formed by exposing an ammoniacal so- 
lution of cuprous oxide to the air; or by bringing copper filings in contact with aqueous 
aminoniM and a sufficient quantity of air, —or cupric oxide, either anhydrous or hyctated, 
witli aqueous ammonia; or by allowing aqueous ammonia mixed with a few drops of 
sal-ammoniac solution to trickle through co])per-turnings. If all acids, even carbonic 
acid, bo excluded, the ammonia, according to Berzelius, appears to dissolve scarcely u 
trace of the anhydrous oxide ; but on adding a drop of the solution of an ammoniacal 
salt, the oxide is abundantly dissolved (compare W i ttstoi n, Kepert. Ivii. 32). The pro- 
diK’t is a dark aziire-bluo liquid. Phosphorus decolorises it, by forming a compound 
of cuprous oxide and ammonia, and ultimately precipitates the copper in the metallic 
slate; ;ync and cobalt likewise precipitate the copper. Iron mluces the copper im- 
p(‘rf(‘etly ; arsenic, tin, and cadmium reduce it sparingly, and lead exhibits but mere 
traces of reduction (F i s c h c r, Pogg. Ann. viii. 492). According to We tz 1 ar (Sch w. J. 
1. 101), iron exerts no action on the pure solution, Imt slowly precipitates metallic copper 
from tlie solution mixed wdth sal-ammoniac, common-salt, nitre, or sulphate of potas- 
sliiTn, nodules composed of copper and ferrous hydrate forming on its surface at isolated 
points, and extending till the liquid is decolorised. A large excess of ammonia prevents 
thi.s precipitation, especially if the solution be mixed with nitrate or sulphate of potassium 
Sulphurous acid to the solution of cupric oxide in ammonia, throws down nearly 

all the copper in the form of red-brown, cuprous oxide, containing small portions of sul- 
phurous acid [and ammonia?] (A. Vogel). The liquid, when diluted with a large 
quantity of water deposits the cupric oxide in the form of hydrate. Potash — of which 
a larger quantity is required in proportion as the amraouia is in greater excess-— 
likewise precipitates the cupric oxide, at least after a while, in the form of hydrats 
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[containing potasli ?], the precipitation, according to Berzelius, being complete.; on 
boiling the liquid, black oxide of copper is immediately precipitated. 

When ammonia, not in excess, is added to cupric salts, the precipitate usually con- 
sists of a basic salt free from ammonia; Kane, however (Ann. Cli. Phys. [2] Ixxii. 
283), on one occasion, by precipitating a solution of cupric chloride with ammonia, 
obtained a blue precipitate resembling hydrated cupric oxide, which was easy to 
wash, and did not lose ammonia during the washing. This precipitate underwent no 
change at 149° 0. ; but at a somewhat higher teiriperatiire, it was decomposed with a 
slight hissing noise, yielding nitrogen gas, ammonia, a large quantity of water, and a red 
mixture of copper and cuprous oxide. It was found to be free from chlorine, and to 
consist of iNH^.SCuO + 6ll‘“0. 

Malaguti and Sarzeau (Ann. Ch. Phy.s. [3] ix. 431) obtained the compound 
4NII’*.CuO + 4H O, in tine blue crystals by passing ammonia-gas to complete satura- 
tion through water in which basic cupric chromate was suspended, crystallising out a 
pt)rtion of the cupric chromate, and leaving the mother-liquor under a boll-jar together 
with a mixture of .slaked lime, sal-ammoniac, and lumps of quiek-linie, so that it might 
evaporate in an atmosphere of ammonia. Blue crystals of basic cupric chromate then 
formed, together with green crystals of ammonio-ciiprous oxide. 1’heso crystals deli- 
quesce and give off ammonia when exposed to the air, and when heated, decompose 
with incandescence, leaving metallic copper. When a number of them lying together 
are heated, so that one begins to glow, the iucundesconee extends to tlie others, and 
vermicular tubes of copper arc formed, covered here and there with oxide. 

The solution of cupric oxide in ammonia, also the animoniacal solution of basic cupric 
sulphate or hyposiilphate, dissolves cellulose (cotton, linen, hemp-fibre, paper, &c.), 
this solvent power increasing with the amount of copper in the solution, and the cdlu- 
loso is precipitated in the amorphous state by acids, salt, sugar, &c. (Schweizer, 
J. pr. Chem. Ixxii. 109; Ixxvi. 344; Peligot Coinpt. rend, xlvii. 1034.) According 
to Erdmann (J. pr, Chcin. Ixxvi. 385), the cellulose is not actually lield in solution, 
but merely swollen and held in suspension, like starch in water (i. 820). 

Hkmioxide of Copper, or Coprovs Oxide, Cu*0, also ctUlod Dioxide, Sub- 
oxide^ and Red oxide of cojyper ; Oxide of Cu^osum {Protoxide de cuivre^ Kupferoxydul), 
— This oxide is found native in two forms ; 1. Red copper {Kothkujferers), which 
occurs crystallised in the regular system, generally in octahedrons and with octahedral 
cleavage: also massive, granular, sometimes earthy. Specific gravity = 5 85 — CT5. 
Hardness** 3-5 — 4. Colour red, of various shades, with adamantine, .submetallic, or 
earthy lustre; sultonsparent orsubtransluccnt; occasionally crimson-red, by transmitted 
light. Streak brownish red, shining. Fracture concho'idal, uneven. Brittle, It occurs 
in the Baunat, in Thuringia, in Tuscany, in the Isle of Elba in cubes; in Cornwall, 
at Chessy, nesr Lyons, where crystals sometimes an inch in diameter arc found em- 
bedded in lithomargo; at Ekatherinenburg in Siberia; abundantly in South Australia; 
in the Lake Superior region, and several other localities in North America. Wlien 
found in large quantities, it forms a valuable ore of copper (Dana, ii. 101). —2. As 
Copper-bloom; Chalotrichite, or Capillary red oxide of copper (KWjp/f'r- 
UiHhe\ which crystallises in the trimetric system, forming prisms with the acute and 
obtuse edges truncated ; observed planes, oo P . oe f oo . co F oo. It is usually found in 
fine eapillaiy crystallisations, groupe<l or retTculated. Cleavage rhomboidal, perfect. 
Specific gravity = 5'8. Colour cochineal and crimson-red. Occurs at Rheinbreiten- 
baeh, Moldawa, and Nischne Tagiilsk. (Dana, ii. 122.) 

Preparation, — 1, By igniting 4 pts. of copper filings with 6 pta. of the protoxide, op 
29 pts. cop^r filings with 24 pts. anhydrous cupric sulphate, — 2. By heating 100 pts. of 
crystHllised cupric sulplmte with 57 pts. of cry.stallised carbonate of sodium, till the water 
of ciystallisation IS entirely expelled, and heating the residue to bright redness with 
26 pts. copper filings, — 3. A mixture of 5 pts. cuprous chloride (obtained by evaporat- 
ing a solution of cupric chloride and fusing the residue) and 3 pts. anhydrous car- 
bonate of sodium is fused at a gentle heat, and the cooled mass is lixiviated with water 
to dissolve out the sodium-salts : cuprous oxide then remains as an amorphous powder, 
of a fine red colour (Wohler and Liebig, Pogg. Ann. xxi. 681). — 4. A solution of 
equal ppts of cupric sulphate and sugar is mixed with a sufficient quantity of soda- 
ley to dissolve all the copper, and gently heated ; cuprous oxide then separates in the 
form of a dystallino powder (Mitscherlich, J. pr. Chem. xix. 430). — 6. A very fine- 
coloured oxide is obtained by pouring a cold saturated solution of cupric sulphate into 
an ejwess of potash-ley ; lea,ving the precipitated cupric hydrate to settle ; ttien, after 
washing and pressing, diffiising it, while still moist, through 7 times its weight of 
water in which 3 parts of sugar are dissolved ; adding a solution of 2 pts. hydrate of 
|)ota8fiam in a quantity of water equal to that which has been used for dissolving the 
sugw; agitating the mixture strongly; straining it through linen; and heating it 
over the waWr-bath, with brisk agitation. Cuprous oxide is then deposited, and, after 
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being well washed, exhibits a fine red cobmr. — 6, Cnprons oxide may bo obtainod in 
pmall shining cobieal ciysfcaTs, by HUing a test-tube with a neutral solution of eupric 
nitrate, placing a small (quantity of cupric oxide at the bottowy introdneing a clean 
atrip of copper-piatJe, closing the tube au?-tight, and Icaring it to itself for a few months 
(Becqucrel). Tfhe o*ide is eometimea found in a similar form on the surface of 
antique broBzes* which hare been buried in the earth for a long time. 

In whatever way cuprous oxide may be prepared, its colour is finer and more ap- 
proaching to crimson, in proportion as it is purer and more finely divided. The 
crystals, whether natniral or artifleiaf, yield a crimson powder by trituration. 

Cuprous oxide i» reduced to the metallic state by gentle ignition with charcoal or 
hydrogen ; also by potassium at a temperatHire a little above the melting point of the 
latter. It imparts a ruby-red colour to glass-Jlu-xcs, if fused in such a manner ns to 
avoid oxidation. It dissolres in excess of hydrochloric arid., forming a solution of 
cuprous chloride, which is decom[X)sed by w'ator. Most other acids, viz. siil2dmHc^ 
jihitsphoriCj acetic^ oxalic^ tartaric^ and citric add, flccompose it, forming cupric salts 
and separating metallic copper; nitrw acid converts it into cnijrie nitrate. Hence 
tliero are but few cuprous oxygen-salts; indeed the only such salts knoMm are the sul- 
phites, and the double sulphites of cnprosiim and the Hlkali-mctals, produced by t reating 
cupric solutions with alkaline sulphites (ii. 56)^ With hrorninc^wakry it yields cuprio 
bromide and cupric oxide. 

Ity dr ail'd Cuprous oxide, ov C upro n s hy dr a fc, 4 Cn-0. TT*0 ? — Wlicn a soTi> 
tion of cuproas chloride in hydrochloric acid is poured into excess of soda or potash-ley, 
or when recently pn*ci pi tinted cupric hydrate is boiled for a few minutes with a solution 
of milk-sugar containing a small quantity of carbonate of sodium, the liquid then di- 
luted with water, and the precipitate washed, eiiprons hydrate is obtained as an orange- 
yellow powder, which oxidises to cupric hydbraCe on exposure to the air. It retains 
its water at lOO'^ C., but gives it up compfctely at 1160^, without change of colour ; it 
does not, indeed, assume the red colcmr of the anhydrous oxide prepared by tho 
methods previously de»cril>ed, till it is heated to comiMOiicing whiteness. 

Aminonio-cuprous oxi d e, — W hen cuprous oxide or hy d r;i te, or a mi xture of cupric 
oxide and copper-flliiigs, is placed, together with excess of ammonia, in a stoppered! 
bottle, a colourless liquid is obtained, which oxidises so quickly on exposure to the 
air, that it exliibits a blue colour while being poured in? a thin stream from one vessel 
to another (Hergmann, Opumida, iii. 389; Proust). 

Sesquioxide ok Corn Kit. Cupric acid, CuW? — Not known in the separat® 
state. Some of its salts have been obtained in the state of sohition, by passing clilorin® 
gns into potash or soda-ley^ in which hydrated cujumc oiiide is difi’used ; but tiny Cfinnot 
be obtained in tlie solid state, ijm.srairch as they aiv doconqtosed, with violent evolution 
of oxygen, soon after their formation. Ciqu'ate of caleium has howevc'r been obtained 
in the form of a beautiful rose-coloured- .substance, by mixing chloride of lime with a 
Boliition of cupric nitrate ; it decomposed but slowly (Kriiger, Pogg. Ann. Ixxii, 445). 
According to Crum (Ann. Oh. Pharm. Iv. 213), the oxygeu-eonipound of copper con- 
titiiied in this salt is a sesqnioxide, Cn‘()® 

Peroxide or Copper. — 1. Formed by agitating the hydrated protoxide with a 
largo excess of very dilute peroxide of hydrogen at u temperature of 0*^ C. — 2. Jly 
mixing cupric nitrate witJi excess of aqueous nemxide of Iiydrogen, and preeiju- 
tatingthe copj>er at 0® C. by caustic potasli addecl in moderate exet'ss. Tlie rcaulting 
peroxide of copper is washed with cold water,, pressed between bibulous pn])er, anil 
dried in vacuo. Yellowish-brown powder (or olive-green, if contain iiiatcd with hy-- 
drated cupric oxide), tasteless, and without action on vcgotalde colours. Contains 
nearly twice as much oxygen a.s the protoxide. At a teniperatiirc short of 100® C., it 
gives off oxygen, and is converted into protoxide ; in the inoi.vt state, it decomposes in 
the course of 12 hours, even at ordinary temperatiire9,-tho decoir.posifion being greatly 
accelerated by the presence of strong caustic potash. It is insoluble in water. With 
acids, it forms ormnary cupric salts and peroxide of hydrogen (Thenard). It i.s 
perhaps not a higher oxide of copper, as Th^ard supposes, but rather a comjiound of 
cupric oxide with peroxide of hyclrogenv 

OOPFlOty OXTJiltOMZlIB OF. A solution of cupric bromide, treated with 
a quantity of ammonia, not sufficient tor complete precipitation, yields a hydrated 
oxy bromide, in the form of a pale green powder, which gives off its M uter when gently 
heated, and at a higher temperature gives off bromine, and leaves a grey compound 
of cupric oxide with copfous bromiiJe. (JLdwi^.) 

^ Bromine- water forms, with cupric oxide, an insoluble olive-green substance, which 
w probably a mixture of cupric hypobromite and oxybromide. It liberates nitrogen 
fi*om ammonia, does not discharge vegetable colours, is decomposed by the weakest 
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acids, with eyolution of bromine, and at 100® C. gives off oxygen, bromine, and water, 
and is converted into cupric oxybromide. (Balard, J. pr. Chem, iv. 170.) 

COPVXSllt OXTCHXiOilXXISS OF. Four of those compounds (cupric oxychlo- 
rides) are known both in the anhydrous and hydmted states. 

a. Cu*Cl®0’', or CuCr‘*.2CuO. An aqueous solution of cupric chloride, treated with a 
quantity of potash not sufficient to decompose the whole of it, yields a pale green pre- 
cipitate, consisting of which gives off its wnler wheti strongly heated, 

leaving the anhydrous compound in the form of a black powder. Tliis, when moistened 
with water, is converted into a bright green powder, containing CVCr^O-^-SH^O ; and 
this last hydrate, heated to 1 33° 0., gives off §of its water, leaving a chocolate-coloured 
powder, consisting of Gu*CP0^.2lP0. (K a n e/^Ann. Ch. Phys. Ixxii. 277.) 

A Cu'Cl'^O^ = C«Cl-.3CuO. The ahhydroiis compound, which is obtained by gently 
heating the hydrate, forms a brown powder; at a red heat, it gives off oxygen, and is 
converted into a compound of cupric oxide and cuprous chloride : CuCl^SCuO =» 
tVCR2CuO + 0. (Proust.) 

This oxychlori<le o<*curfl in nature, associated with various quantities of water, as 
(i, 429). Hydrates are also prepared by the following processes: 1. The 
anhydrous com pour)' I is converted into the hydrate by eontact with water. 2. Moist 
cuproms ehlnride twposed to the air is converted into a green mixture of hydruted 
cupric chloride which may be extracted by water, ami hydrated cupric oxychloride : 

aCu^CP + 0* = 2CuCl- + CiiCl-.3CuO. 

3. By digesting aqueous dichloride of copper with the hydrated protoxide; or by 
mixing it with a small quantity of alkali, sufficient, however, for the precipitation of 
the dissolved salt. 4. By exposing copper-foil to the air, moistening it repeatedly 
with hydrochloric acid or solution of sal-aniinoniae, and exhausting the product with 
water. The artificially prepared salt is a pale greet) powder. It is pre].>ared, by the 
last process, on tlio largo scale, am) const itutes th(» pign)ent called Brunswick green, 
which has the advantage of not being aftected by sunlight. Wlic»rj gently heated, it 
gives off water, and is converted into the black anliydi'ous ooniponnd. Cold sulphuric 
acid turns it brown, and separates dichloride of coppea'. When heated, it gives off’ 
hydrochloric acid. It is insoluble in woiter, but easily soluble in acitls, (G m. v. 411.) 

c. Cu*Cr‘*0‘‘ ~ CuOP.4C.'uO. This compound remains as a grcM'ji liydrate when tlio 
ammonio-chloride, N^lPCuCl-, is treated w'itl) water. When heated, it gives off’ its 
water, and becomes chocolate- brown, and if afterwards exposed to ilio air, regains a 
portion of the water which it has b)st. 

COPPSR, OXTFI.VORZBS OF. Cu^F-O.IPO, or CuF’-.CuO + JPO.— Palo 
green insoluble powder, formed by digesting aqueous hydrofluoric »icid with excess 
of cupric carbonate, or by decomposing cup)ric fluoride (ii. 6o) with boiling water. 
(Berzelius.) 

COPPERf OXYGER-SAETS OF. For the general properties of these salts, 
see ii. 56, 66; for the particular descriptions, see the several Acids. 

COFFER pXTSV.i:.PHXBES. The compound Cu«S'0, or 6CuS.CuO, is ob- 
tained, according to Pelouze, by <lropping sulphide of sodium into an ammonijical solu- 
tion of a cupric salt heate<l to 76° — 80° 0. till the blue colour just disappears, then 
quickly collecting and wa.‘-hing the resulting precipitate. If tJie temperature is allowed 
to rise during the precipitation to 96° — 100® C., an oxysulphido of different composi- 
tion is obtained, which, if boiled with a cupric salt containing excess of ammonia, 
decolorises and reduces it to cuprous salt. 

An oxysulphide is likewise formed when sulphide of copper is heated in a solution 
of a cupric salt, most readily if the solution is alltaline. 

The brown substance which forms in the first instance, when copper is heated with 
oil of vitriol for the preparation of sulphurous acid, has the composition 2Cu“S.CuO. 
By the further action of the ueul, which abstracts copper, this con)p<jim(l is converted 
into 2CuS.CuO; and when the evolution of gas is at an end, the residual black sub- 
stance has the composition CuS.CuO. (Maum4n6, Ann. Ch. Phys. 13] xviii. 311 ; 
yHahdw. d. Chem. iv. 735.) 

COPPER, PR08PBATSS OF. Three cupric phosphates occur as natural 
minerals, viz. : 

lib^thenite . . 4CuO.PO* + JPO or 0u*P'^0*.CuH2O’. 

Phbsphocalcite , 6Cu0.P*0* + 3H»0 or Cu^FO^.SCuH^O*. 

Thrombolite . . 6Ca0.3P*0* + 10H*O or Cu*P*0*.2CuP‘0* + 10H*O. 

(See these minerals ; also Phosphates.) 
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COPPSSt PBOSPBZBXS OF. Oopppr and phosphorus unite readily at high 
temperatures. By carefully dropping phosphorus on melted copper in a crucible, the 
metal may be mauo to take up as much as 11 per cent, of phosphorus. Phosphorus in- 
creases the fusibility and hardness of copper, and when present in large quantity, 
renders it brittle at ordinary temperatures. Copper containing 11 per cent, of phos- 
phorus is extremely liard, and can scarcely be touched l>y a lilo. It has a more or 
less steel-grey colour, and is susceptible of a fine polish, hut speedily tarnishes, espe- 
cially in a London atmosphere. {Percy's Metallurgy^ i. 279.) 

Several definite phosphides of copper have been prepared by H. Rose (Pogg. Ami. 
iv. 110; xiv. 188; xxiv. 321, 331). 

a. Bicupric Phosphide, Cu*P^— Qreyisli blaick crystalline sul)stiincc, obtained by 
passing hydrogen gas over monocupric phosphate (Cu"HPO*), at a very strong red he.at. 

A mixture of dieupric phosphide with chlorate of potassium and cuprous sulphide 
or levigated cok(i, to increase its conducting power, is used as a fuse fur firing charges 
of gunpowder by magneto -electricity. (Abel, Chem. Soc. J. xiv. 183.) 

h. Tricupric Phosph ide, Cu®P*, is obtained by pissing phosphorct^ed hydrogen 
gas, (o) over heated dichloHclo of copper, 3CuCl* + 2Il'’P — 4- GITCl, or ($) 

through a solution -of cupric sulphate (H. Rose, Pogg. Ann. xiv. 188; xxiv. 321). 
The first process yields it in the form of a black powder, which, when strongly 
ignited in a close vessel, is converted into a greyish-black metallic-looking mass, hut 
does not assume the red colour of copper at any temperature. By the second process, 
it is obtained in black flocks, which, after gentle lieaiing in vacuo, assume ;i rod colour, 
like that of copper precipitated by zinc (IT. Rose). It does not fuse at the. melting 
point of glass, but is more fusible than copper. (Landgrebe, 8ehw. .1. 411, 401.) 

Tricupric phosphide a exhibits a phosphorus -flame on eliareoal before the blow- 
pipe, $ does not; a gives off half its j)hospliorus when v('ry strongly united in a 
current of hydrogen gas (TI, Rose, Pogg. Ann. iv. 110). J^oth varieties dissolve readily 
in nitric acid, with formation of piiosphoric acid, especially a, if not previously heat(*d. 
Rot strong sulphuric acid dis.solves 3, with evolution of sulplnirous anhydride'. If not 
previously heated, & dissolves in liydrochloric acid more readily than pure co[iper, with 
cvolutioji of non-spontaneously inflammable phoj^ihorettcd hydrogen (Buff). if not 
jjiwiously heated, is permanent in dry air, but wten exposed to a moist atmos[>here 
is eonverted into caju'ic phosphate. Before the blow-pipe, it burns to a bhn-k bead of 
cupric phosphate, which solidifies to a white enamel on cooling. (Landgreb(‘.) 

c. Teicuj)rous Phospihide, Cu®P*. — Produced by passing phosphorettod hydro- 
gen over cuprous chloride or sulphide: 

3Cu‘’CP -b 2H»P = CuH'-' + OIICI; 

also by passing hydrogen gas over tricupric phosphide, at a very strong red Ijeat. It 
is a blnck powder, or, after strong ignition, a light grey nuiss having the metnllic 
lustre. On charcoal, bcfoni the blow-pipe, it emits a j»hosi»liorns-flame. It is insoluble 
in hydrochloric acid, but dis.solves in nitric acid or aqua regia, forming cupric plios- 
phate. (II. Rose.) 

COPPSB, PURPXiE. (See Sulphides op Copper and Iron, ii. 80.) 

COPPBR, RED. (See Copper, Oxides of, ii. 70.) 

COPPER, SEXiEBZEES OF« Cupr ic Seleu UJ r, CuSe, is obtained by pre- 
cipitating cupric sulphate with sclenhydric acid, in black flakes, which become dark 
grey w’hen dry, and acquire metallic lustre by pressure. It gives of!' half its selenium 
on distillation. (Berzelius.) 

Cuprous Sclenide, Cu'-'Se. Found native, ns Ber^elianite, at Skrikerum in 
Sweden, and near Lehrhach in the Hnrtz, in soft thin dendritic crusts, with silver- 
white colour and metallic lustre. The same compound is produced by heating copper 
with selenium, and by igniting cuprio selcriide in a close vessed. Before the blowpipe 
it emirs the odour of selenium, and fuses to a grey bead of brittle, easily fusible copper, 
still retaining selenium. (Berzelius.) 

Selenide of Copper and Lead, (See Lead, Sklentde of.) 

COPPER, SZXiZCATES OF. The mctasilicatc, Cu'^SiO*, occurs native with 1 at, 
water, Thoptase, and with 2 at. water, a.s Chrysocolla, Other copper silicates of 
loss definite composition are likewise found. (See Silicates.) 

V, SlZitCIBE OF, Silicon may be melted with copper into a ductile 

before^ the blow-pipe, and the compound leaves a siliceous skeleton when dis- 
solved m acids (Berzelius). By heating copper to intense whiteness with white sand 
and charcoal, a compound is obtained perfectly soluble in acids, the solution wlien 
evajK)rated leaving 5 per cent of silica (Berzelius). Percy, by this process, obtained. 
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a componnd containing 1-82 per cent, silicon. It had a specific gravity of 8*70, was 
malleable while cold, bnt briftle at a red heat. 

A covnpoand containing iSfbm 10 to 11 per cent, of silicon is obtained by heating 
copper foil or filings with silicofluoride of potassium or sodium, and metallic sodinn; 
(Devi lie). It varies in colour from yellow to greyish white, is very hard and brittle, 
easily pulverised, more fusible than copper, and is readily attacked by nitric acid, either 
strong or dilute, with separation of a grey powder : the solution gelatinises on evapo- 
ration. (Percy’s i. 283.) / 

COVFB&, StniMBATB Ol*; Neutral cupric sulphate, Cu'SO* + 6IPO, occurs 
native as Cyanosite (g. o.); > basi<? ^Iphate, Cu"8O.3Cu''H*0^ also occurs native as 
Brochmtiie (i. 664). A sulphato-eblonde of ooppOr, called Connellite^ is found in Corn- 
wall (ii. 11). See also SuLimTSS. . 

CaPPSR, SVWKXBIW or. Oopper.has a great affinity for sulphur, burning 
in its vapour, and uniting with it even at ordinary temperatures, when tlie two sub- 
stances are triturated together in the finely divided state. There are two well-defined 
sulphides of copper, Cu'^S and CuS, corresponding to the oxides, and four more of less 
defined constitution, but supposed to contain respectively 2, 3, 4, and 5 at. sulphur to 
1 at copper. 

Pbotosulphide op Copper, or Cupric Sulpiiidb, Cu^’S. This com- 
pound is found native, as CotaeUin^ Indigo copper^ Blue cojyper^ or Breithavptitey 
sometimes in hexagonal plates, with veiy perfect basal cleavage, more commonly 
massive or spheroidal, crystalline on the suiface. It is soft, flexible in thin leaves, 
of specific gravity 3*8, opaque, of bluish-black colour, with faint resinous lustre. It 
occurs, with other copper ores, at Leogang in Saltzbiirg, Keileo in Poland, Lunger- 
hausen in Saxony, Mansfeld in Thuringia, and in the fumaroles of Vesuvius, where it 
forms a sooty deposit or black network, like a spider’s web. (Cm. v. 422; Dana, 
ii. 65.) 

Cupric sulphide is thrown do^vn from capric salts by snlphydric acid or sulphide of 
ammonium, as a brown precipitate, which becomes brown-blaek when collected, and 
greenish-black on drying ; it oxidises very quickly on exposure to the air, acquiring an 
acid reaction, and, if moist, is completely convei*tod into cupric snlpliate (ii. 57). It is 
likewise produced by triturating cuprous sulphide with cold strong nitric acid, wliich 
abstracts half the copper. 

When cupric sulphide is treated with hot nitric acid, the copper is oxidised, part 
of the sulphur is converted into sulphuric acid, and the rest is separated, so that the 
resulting solutiom contains both nitrate and snlpbato of copp(?r. Hot concentrated hy- 
drochloric acid slowly converts it into cupric chloride, with evolulion of aulphydrio 
acid, and separation of snlphur; this reaction takes place most easily ^nth the recently 
precipitated sulphide. Cupric sulphide decomposes silvcr-salis, the copper dissolving, 
and sulphide of silver being precipitated. It is insoluble in aqueous sulphurous acid, 
potash, and the fixed alkaline sulphides, slightly soluble iu sulphide of ammonium. 

Hemi8ui,phIi>k of Copper, or Cuprous Suephide, Cu*S, jiIso CAllod Disul- 
phide of copper. nafiivo, as Copper-glance y Vitreous coppery or Bedruthite, in cry- 
stals of the trim etric system, with the form of six-sided prisms, ooP. ot>{»oo . oP. Jlatio 
of bnichydiagonal, macrodiagonal and principal axis, = 0-5822 : 1 : 0*9741 . ooP : ooP 
= 60® 25'. Cleavage very imperfect, parallel to ooP (Kopp). Twin crystals ajpe of 
frequent occurrence. It also occurs massive, with granular or compact and impal- 
pable structure. Specific gravity = 5-5— 5'8. Hardness :=:2'5— 3. Colour blackish 
lead-grey ; lustre metallic streak lead-grey, sometimes shining. Fracture conchoidal. 
Sectile. Fine crystals of this mineral are found in the Cornish mines ; it occurs 
also in Haddingtonshire, Ayrsliiro, and Fair Island, Scotland. The compact and 
massive varieties occur in Siberia, Hesse, Sjixony, the Bannat; also in Connecticut, 
New Jersey, and other parts of the United States; large and brilliant crystals are 
found at Bristol, Connecticut. Copper pyrites, purple copper, and black copper, 
occur as pseudomorphs after copper-glance. (Dana, ii. 46.) 

Cuprous sulphide is prepared: 1. By triturating copper with sulphur. When 64 
pts. (2 at. ) of finely divided copper, obtained by reduciDg tlio carbonate with hydi-ogen, 
and 16 pts. (i at.) of milk of sulphur are dried together over oil of vitriol, and tritu- 
rated together in a mortar, so gently that no heat is produced by the friction, they 
^mbine m soon as a uniform mixture is attained, and form bluish cuprous sulphide, 
^6 combmation being attended with a development of heat which raiija the mass to 
redness. If the proportion of the copper to the sulphur be eveft fili^tly altered the 
experiment fails, even though the mortar be warmed. If the mortar bft Irartrt^ to 
20 to 25° C, it is not necessary to dry the pwders previously, and motobver, fl^Wers of 
aulphur may bo used instead of milk of sulphur, only that longer trituration w neces- 
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gary to induce combination (Winkelblech, Ann. Ch. Plyirai. xxi- 34). Sulphide of 
copper is also formed by triturating copper filings with sulphur and water. — 2. Thin 
copper leaf burns with vivid inflammation in a glass flask in which sulphur has been 
heated till it volatilises. 8 pts. of copper filings mixed with 3 pts. of pounded sul- 
plmr unite, with incandescence, when heated. The same compound is obtained by 
fl\sing together plates of copper and pounded sulphur, arranged in a crucible in alter- 
nate layers.— 3. By igniting protoxide of copper with sulphur. — 4. 100 pts. of dry 
cupric sulphate heated to whiteness in a crucible lined with chtti*coal, yield 47*6 pts. 
ofWprous sulphide, mixed with a few . granules of the metal. (Berthier, Ann. Ch. 
Phvs. xxii. 236.) 

Artificial cuprous sulphide has a density of 8*8776 (Kaf sten) ; it is of a blackish 
lead-grey colour, and fuses much more easil^y than the luetaL 

Cuprous sulphide is not decomposed when heated to redness out of contact of air; 
but if the air has access to it, combustion takes place, and sulphurous anhydride and 
free cupric oxide are produced. When heated to redness in a cuiTcnt of aqueous vapour, 
it is but slightly decomposed ; but at a white heat, it yields large quantities of hydrogen 
gas and sulphuretted hydrogen, together with sublimed sulphur, and the copper is com- 
pletely reduced to the metallic state (Begnault, Ann. Ch. Phys. Ixii. 378). [There 
IS no statement as to what becomes of the oxygen of the water.] By phosphoretied 
hydrogen gas at a red heat, it is very slowly resolved into Cu*P and sulphuretted hy- 
drogen (H. Rose) : 

SCu^S + 2PH» = Cu«P» + 3n*S. 

It is not altered by ignition in a stream of hydrogen (H. Rose). It is not decom- 
posed hy chlorine gas ut ordinary temperatures, very slowly when heated (H. Rose, 
Pogg. Ann. xlii. 540). It dissolves with difficulty in strong boiling hydrochloric acid, 
with evolution of sulphuretted hydrogen and formation of hydrochloric acid and cuprous 
oxide; in heated nitric acid, it dissolves with separation of sulphur, whereas cold 
nitric acid withdraws half the copper and leaves protosulphide of copper. 100 pts. of 
cuprous sulphide, iguited with 77 pts. or rather less of nitre, yield from 66 to 70 pt«. 
of metallic copper (Berthier). When cuprous sulphide is fused with a mixture of 
caustic soda and carbonate of sodium, part of the copper is reduced. The same reducing 
action is exerted by a mixture of carbonate of sodium and charcoal, whereas carbonate of 
sodium or potash alone has no effect. When 100 pts. of cuprous sulphide are fused with 
70 pts. of dry carbonate of sodium and with charcoal, one half of the copper is reduced, 
and the rest combines as sulphide of copper with the sulphide of sodium which is 
formed. When 1 pt. of cuprous sulphide is heated to whiteness with 4 pts, of carbonate 
of sodium, in a onieihle lined with charcoal, nearly all the copper is reduced. 100 pts. 

' of cuprous sulphide ignited with 400 pts. of dry carbonate of sodium and 30 or 40 pts. 
of iron, yield at most 60 pts. of copper. Also, when cuprous suTpliido is heated to 
whiteness with baryta or lime and charcoal, part of the copper is reduced, and sulphide 
;of copper and barium or calcium formed at the same time (Berthier, Ann. Ch. Phys. 
xxxiii. 160). When cuprous sulphide is fused with of lead., the mass boils up 

and yields sulphurous anhydride, cuprous oxide, which combines with the undecomposed 
lead-oxide, forming a red shining slag, and metallic lead ; 100 pts. of cuprous sulphide 
and 200 litharge, yield 104 pts. of copper containing lead. With from 300 to 500 pts. of 
litharge, a grey, semiductile alloy, rich in lead, is obtained. When 1000 pts. of 
litharge are used, 280 pts. of ductile lead separate out, and 2500 pts. of litharge yield 
386 pts. of lead. It is only therefore with this last proportion that the whole of the 
sulphide of copper is resolved into sulphurous anhydride and cuprous oxide : 

Ctt*S + 3PbO « Cu’O •¥ SO* + Pb». 

Accordingly, 160 pts. (1 at.) Cu*S should separate 624 pts. (6 at.) of lead ~ 100: 
890 (Berthier, Ann. Ch. Phys. Ixxxix. 246). Metallic lead exerts no decomposing 
notion on cuprous sulphide when fused with it (Kars ten). Cuprous sulphide ignited 
mth cupric oxi^ is easily converted into sulphurous anhydride and metallic copper, 
or cuprous oxide. 1 at. Cu^S and 2 at. Cu*0 are completely converted into sul- 
phurous anhydride and copper ; 

Cu*S + 2CuO « CvL* + SO» 

6 at. CuO, the only products are sulphurous anhydride and cuprous oxide : 

Cu*S + eCuO 4Cu*0 + SO*. 

^ny excess of cu^roue sulphide remains undeeomposed. Metallic iron decomposes 
iuprous sulphide, though very imperfectly, yielaing copper containing iron, iron 
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containing copper, and sulphide of copper and iron. Ferric oxide exerts but a slight 
decomposing action, and ferrous silicate none at all. (Gm. v. 421.) 

Fol t/Bulphides of copper , — An aqueous solution of pentasulphido of potassium 
forms, with cupric salts, a hver-coloured precipitate, consisting of Cu8*, which turns 
black after drying, is not altered by exposure to the air, or by washing with boiling winter, 
and when recently precipitated dissolves in aqueous carbonate of potassium, forming 
a brown solution. — The disulphide, trisulphide, and tetrasulphidc of potassium, foriu 
with cupric salts, precipitates of the same colour, likewise soluble in carbonate of po- 
tassium, and consisting either of the compounds, CuS'-*, CuS*, and CuS^ or of mixturea 
of CuS and CuS\ (Berzelius.) 

Sulpbldes of Copper and Antimony, a. Wolf sh erg tie, Antimonial 

^ cr, Chalcoetibites^ Kupferantinionglansf . — A mineral occurring at Wolfsberg in 
farz, and at Guadiz in Spain, in small aggregated tabular piisms of the tri- 
motric system, exhibiting the fiices oP. oo P . oo . oo t oo. Inclination of faci's 
00 P : 00 P = 101° ; 00 P2 ; oo P2 =. 138° 12' ; oop2 : oo t* oo = 1 12° 24'. Cloar.i|,-o 
very distinct, parallel to oo I* oo ; less distinct, parallel to oP. Specific gravity 4’748. 
Hardness = 3 — 4. Lu.stro metallic. Streak black, (volonr between lead- and iron- 
grey. Opaque. Fracture conchoi'daL Before the blowq)ipe it decrepitates, fuses 
readily, and on charcoal gives fumes of antimony ; after strong heating with soda, it 
yields a globule of copper. 

The mineral is a cuprous sulphautimonito, Cu“S.Sb*S", or 


Cu* . 



Calculation, 

. 63*3 26*61 

11. Rosa. 

Wolfsberg. 

24*46 

Th. Richter. 
Ouad», 

25*36 

Sb 



. 120*3 

48*66 

46*81 

48*30 

S'^ 



. 64*0 

25*83 

26-34 

25*29 

Iron 



• . . 


1*39 

1*23 

Lead • 



. . . 

• . 

0*56 





247*6 

10000 

99*56 

100*18 


6. Wolekite, Antimonial Copper-glance^ Anthnonhipferglam. — A mineral occur- 
ring in the iron mines at St. Gcrtraud, ‘Carinthia, in short rhonibic prisms, clearing im- 
perfectly parallel to the brachydiagonal ; also massive. Specific gravity 5*7 — 6 '94. 
Hardness = 3. * Fracture conchoi'dal to uneven. Brittle. 

The analyses of this mineral differ widely, as the following table will show : — 






Sch rotter. 

Ramnu 

4sbcrjr. 

Sdlphur 




. 28'60 

16*81 

15*23 

Copper 


• 


. 17*35 

42*83 

43*69 

Antimony . 
Arsenic 


« 

• 

• * 

.• 16-65 
. . 6-03 

24*41 

24*46 

Lead . 




. 29-90 

15*59 

16*15 

Iron . 




. 1*40 

99*93 

0*36 

10000 

0-68 

100*11 


The mineral is probably nothing but a partially altered Boumonite (i. 651). (Kam- 
melflberg, p. 80; Dana, ii. 82.) 

For the Sulphantimoniics of copper and irony &c., see Tethahedeitb. 

Sulpbldes of Copper and Arsenic. — None of those compounds occur as 
natural minerals (see Sulpharsenites and Suj.phaksenates, i. 390, 393). In many 
varieties of grey copper the antimony is partly replaced by arsenic. (See Tennantite.) 

Sulpbldes of Copper and Blsmutb. a. Tannenitey Kupf^Umithglans.-^ 
Occurs at Tannonbaum, near Schwarzeiiberg in the Erzgebirge in thin striated prisms, 
apparently trimetric. Lustre bright metallic. Colour greyish to tin-wliito. Heated 
in an open tube it yields sulphur. Before the blowpipe on charcoal, it fuses easily 
with intumescence, and yields with soda a globule of copper. Dissolves in nitric acid 
with deep bluish-green colour. 

Schneider found in this mineral (mean of two analyses) 18*83 per cent. S, 62*16 Bi, 
and 18*72 Cu,' which agrees very nearly with the formula CirS.Bi^S®, or 

culation 19'08 S, 62*01 Bi, 18*91 Cu). The mineral is, therefore, analogous in consti- 
tution to Wolfsbergito. (Bammelsborg, p. 103 ; Dana, ii. 73*) 

A Wittichenite. Cupreotts Bimni'Uhy Kiipferwismnthcrff.-T-A mineral found in the 
cobalt mines near Wittichen, in Baden, sometimes massive and diMeminated, somev 
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timofi in coawe colnmnat eliapes, or aggregates ofiraporfect prisms (trimotric?), cleav- 
inir in onfl direction. Specific gravity = 5. Hardness 3-6, Colour steel-grey or 
fin-white, lamiahing pale Iea<i-grcy, Streak black. Puses easily in an open tube, 
yielding sulphur and a white sablimate. On charcoal before the blowpipe it dccre- 
i.itutos melts, forms a yellow deposit, and after reduction with soda a globule of 
copuer! Xloilod with hydrochloric acid in a flask, without access of air, it dissolves, 
with elimination of sulphuretted hydrogen, to a nearly colourless liquid, a certain 
oiiantity of admixed metallic bismuth remaining undissolved. If, on the other hand, 
the air Ims access to the liquid, the metallic bismuth likewise dissolves after a while. 
>;jtric acid dissolves the mineral with separation of sulphur, 

'riie analvsis of this ininoral by Schneider (Pogg. Ann. xciil 305, 472), after 
(hductiuu of the admixed metallic bismuth, gives 19*42 per cent. S, 43*05 Bi, and 

.•}7 r)3 Cv, agreeing with the formula 3Gu-S.Bi‘S", or (calculation 19*50 S, 

42*08 Bi^ and 38*42 Cn). Other analysts have obtained diflbrent results, hecauso they 
ovci'lojjkpd the admixed metallic bismuth (Kammelsbcrg, p. 104). A grey massive 
niinoral found in the Greiatcrgang at Joachimsthal, containing 9*94 per cent. S, 30*74 
As, 45*31 Bi, and 13 04 Gu, appears U> bo a mixture. (Itammelsberg, /oc. cit.) 

Sul }) hides of Copper, Bismuth, and Lead. Sco Ni:ki>i.e-orb. 

Sulphlcles of Copper and Iron. a. Copper Bt/rites. Vhnlcopyrite, Towmiite^ 
Ciiiere pprUeux, Kupfcrkkji. (Gu‘‘'y'(Pe')'''S* or Gu”8.Po'*'’S^.— This mineral occurs in cry- 
fctals of the dimetric system, often tetrahedral. The primary form P, for wlych the length 
of the ])riii(;ipal axis is to that of the secondary axi.s as 0*985 : 1, the angle of the 
tirmiriMl edges = JO!)^ 53', and of the lateral edges = 108‘^ 40', occurs in tlio liejni- 
hedral form as a sphenoid (see GitYST.Aij.ooiiAPHY). both alone and in combination, as 
in///. 115. Cleavage parallel to 2P oo, but generally in- 
(lisiinct, Prc'quontly in twins. It often occurs also mas- Fiy. li 5. 

sivo and impalpable. ^Specific gravity 4*1— 4*3. Lustre 
itK'lallie. Colour brass-yollow, subject to tarnish, and 
ol'toii iridescent, Streak greenish-black, a little sliining, 
eparpjo. Fracture coiiclioYdal, uneven. B.ather soctilc. 

It decrepitates when heated, ae<piiring a darker colour, 
and . sometimes giving off a trace of sulphur. Gives off 
siilpliurous anhydride when roasted. On charcoal IxTore 
the l)Iowpipe it molts, with intumf‘S(*enee and sparkling, 

1o a glolaile wliieli is dark grey within, black and roiigli 
witliout, and is atti*a<*ted V)y the magnet. The roasted 
glnhule gives, mth tluxes, the reactions ofcoj)porand iron. 

It dissolves ill nitric acid, witli separation of sulphur. 

AnaUfscs.- a. From Bamberg in the Bayn district, crj’stalHsed (IT. Rose). — 6, From 
t tile Fiir.'sb.'nberg district, cry.stalliscd (H. Rose)}^ — c. From Orrijtirfvi, Finland (Hart - 
wall). — d, English ; a crv.staliiscd, jS hot ryoidal. — c. Allcvard, Dopartement deV Is5re, 
massive (Berthier).— ;/. From Kaafjord, Norway (Mai a guti and Hurocher).— - 
g. Val Castrucci, Tuscany. — h. Monte Catini, Tuscany, (Be chi.) 

d 


•Sulphur 

a 

d 

c 

a 


e 

f 

g 

h 

35*87 

30*52 

30*33 

35*16 

34*46 

30*3 

38*70 

35*02 

30*10 

Copper . 

34*10 

33*12 

32*20 

30*00 

31*20 

32*1 

32*73 

34*09 

32*79 

Iron 

30*47 

30*00 

30*03 

32*20 

30*80 

31*5 

28*51 

30*29 

29*76 

Quartz . 

0*27 

0*39 

2*23 

2*64 

MO 

. 

. . 

. 

0*80 


101*01 

100*03 

100 *79 

106*00 

97-56 

W9 

loolw 

100*00 

99*66 


The formula Cu^Fe*S^ requires 34*59 per cent. Cu, 30*52 Fe, and 34*89 S. 

Gopja^r pyrites is the principal copper ore in the Cornish mines, where it occurs 
fl-V'-^oeiated with tin, purple copper, copper glance, galena, grey copper, and blende, 
i he Cornwall copper pyrites is not, however, a rich ore, rarely yicldmg 12 per cent., 
generally only 7 or 8, and sometimes only 3 or 4 per cent, of copp(?r. If of a fine yel- 
low colour and yielding readily to the hammer, it may bo considered a good ore ; but 
it hard and pale yellow, it is poor, from admixture of iron pyrites. The copper beds of 
b ahum in Sweden arc also composed chiefly of copper pyrite.s, which occurs there in large 
masses, surrounded by a coating of serpentine and imbedded in gneiss. It occurs also 
lit luiinmelsberg, near Qoslur in the Ilaris; at Freiberg, in the Bannat; in Hungary; in 
• in Scotland, in Kirkcudbright, Wigton.shiro, Perthshire, and Iiivernesshiro ; 

m Tu.scany ; South Australia; and at numerous localities in the United States. 
topj>cr pyrites ia distinguished from iron pyrites, which it somewhat resembles, by 
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its inferior hardness ; it ma;|r be cut with the knifh, while iaon p^Ms strihea with 
steel It diflhrt from gold in being brittle and attacked b/ nime acid« 

Copper pyrites changes to cupric sulphate on exposure to moisfnrei espe^i^y {f 
heatM ; it is sometimes also altei^ to malachite^ coYeliin, ehzysoeoUa, black copper^ 
oopper^glance, and oxide of iron. 

b. Purple Copper^ Erubeecite^ Variegated Caj^r^ L^K^^cotoured Copper Ort^ 
PkiUipsite^ Bomite {Buntkupfererz, Bunter Kupfe/rkiet^ Cuivre pyriteux ht^iique),^ 
This mineral forms ciystals belonging to the monometric dr regular system, namely, 
the cube, octahedron, rhombic dodecahedron, and intermediate forms. Cleavage 
octahedral indistinct Twin crystals are of fr^uent occurrence ; also imperfect crys- 
tallisations, with granular strongly connected structure. Specific gravity « 4*4 — 5 003. 
Hardness **= 3. Lustre metallic. Colour between copper-red and pinchbeck-brown, 
quickly acquiring a parti- coloured tarnish. Streak pale greyish black, slightly shining. 
Fracture small concnoVdal, uneven. Brittle, 

Purple copper does not give off sulphur when ignited in a test-tube, but when heated 
in a tube open at both ends, it yields a large quantity of sulphurous anhydride, but no 
sublimate. Heated on charcoal before the blowpipe, it acquires a dark tarnish, then 
becomes black, and red on cooling. At a somewhat stronger heat, it melts to a 
brittle globule, which becomes magnetic after sufficient blowing, and appears greyibh- 
red on the fractured surface. When roasted for a considerable time, and then treated 
with a small quantity of borax, it yields a button of copper, and if fused with carbonate 
of, sodium after the sulphur is completely expelled, it yields separate granules of copper 
and iron. After roasting, it exhibits with fluxes the reactions of cupric and ferric 
oxides. When moistened with hydrochloric acid, it colours the blowpipe flame blue. 

There are several varieties of purple copper. It a mm els berg {Mineralcheniie, 
p. 114) arranges them in three groups, containing respectively from 66 to 58 per cent., 
60 to 64 per cent, and 70 per cent, copper. 

1. Purple copper, containing from 56 to 58 per cent, copper, — a. Crystallised, from 
the Condurra mine near Camborn, Com wall. 5. Crystallised, from Eedruth, in Cornwall 
(Chadnew). c. Crystallised, of unknown origin (Varrentrapp). d. Massive, from 
Monte Cattini in Tuscany (Bcchi). e. Massive, from the Martenberg mine, Balarne, 
Sweden. (X^lattner.) 

a. b, e, d. e. 

Sulphur . . . 28-24 26*84 26*98 24*92 25*80 

Copper. . . . 66*76 67*89 68*20 65*88 66*10 

Iron • . . . 14*84 14*94 14*84 18*03 17-36 

99*84 99*67 100*02 98*83 99*28 


2. Containing from 60 to 64 per cent, copper. — f. From Ferriccio in Tuscany 
fBechi), g. From Miemo in Tuscany (Be chi). A. From Coquimbo in Chili 
(Booking). *, From Boss Island, Killarney (Phillips), j. From St. Pancrace, 
l)6^rt^eut de I’Aude (Berthior). A. From Bristol Connecticut (Bodeman n). 
I, From the Wprtzkisch mine, on the White Sea (Plattner), m. From Vestanforss 
Kirdhspiel Westmanland, Sweden (Hisinger). n. From Siberia. (B. Brandes.) 



/• 

9' 

A. 

i. 

3- 

k. 

1 


n. 

Sulphur 

24^70 

23*98 

26*46 

23 75 

24*0 

25*70 

26*08 

24*69 

22*44 

Copper . 

60*01 ' 

60*16 

00*80 

61*07 

62*3 

62*70 

63*03 

63*33 

63*86 

Iron . 

16*89 

16*09 

13*67 

14*00 

13*7 

11*63 

11*66 

11*80 

13*21 


100*60 

90*23 

09*93 

08*82 

lOO'O 

Wn 

99*66 

99*82 

99*51 


8. Containing 70 per cent, copper, — o. From Eisleben (Plattner). p. From Monte 
Castelli, Tuscany, q. From Nadaud, France (Berth ier). r. From SangCrshausen, 
near Eisleben. (Plattner.) 


Sulphur • . 

0. 

?• 

9- 

T, 

. 22*66 

22-3 

20*0 

22*68 

Copper 

. 60*72 

70*0 

70*0 

71*00 

Iron . • • • 

. 7*64 

7*0 

7*9 

6*41 


90*91 

99*3 

97*9 

99*99 


Bammelsberg regards the several varieties of purple copper as isomorphous mix^ 
tures of the compounds 8Cu*S.Fe*S*, and nCu^S.FeS. If n • 2, this formula 
becomes 3Cu*S,Fe*S* -r 2Cu*S.FeS, which requires 26*43 per cent, S, 68*16 Cu, and 
16*41 Fe, agreeing nearly with the analyses h and o. Any value of n greater than 2 
increases the proportion of copper ; n » 3 gives 25*67 per cent S, 60*86 Cu and 
18*48 Fe, which is very nearly the composition of the minerals A, t, y; and nail 
requires 22*62 per cent S, 70*40 Cu, and 6*68 Fe, which is nearly the composition 
of the specimens o, r. 
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Fimj^ copper oecum afip<^ted with other eopper ores. Crystalline vanetiee are 
found in Oornwalh a^ the mires of TiUcroft and Dolwath, neapEedmth, where 
it is called by the miners ** horse-flesh ore.” Massive Turieties are found in Boss 
Island Kilhirney, in the cupriferous shale of the Mansfeld district, also in Korvay, 
Siberia, Silesia, the Bannat, and in Pennsylvania, New Jersey, and Connecticut 
c, Cuban, Th^ mineral, found at Barracanao in Cuba, is also monometric, occor* 
ring in cubes ; also massive, Cobur between bronze and brass-yellow. Streak, dark, 
reddish, bronze, black. SMciflc gravity « 4*026 (Breithaupt) ; 4*169 (Booth). 
Hardness = 4. Melts easily before the blow-pipe, giving off fumes of sulphur. The 
following analyses have been made of it (deducting silica) : 





Schcfdthauer. Eaiitwlck. 

Stevrns. 

Magre. 

Sulphur • 

* 

• 

. . 34*78 

39*93 

40*11 

40*19 

Copper • 


• 

. 22*96 

20*26 

21*46 

20*71 

Irou • • 

• 

• 

. 42*61 

38*90 

39*66 

39*41 




100*26 

99*09 

101*12 

100*31 


The first analysis agrees nearly with the formula Cu*Fe*S«, or which 

requires 35*38 per cent. S, 23*38 Cu, and 41*24 Fe ; the others, which contain a much 
larger quantity of sulphur, approach more nearly to the formula CuS.FeS*, which 
requires 42*21 S, 20*84 Ou, and 36*94 Fe. (Rammolsberg, p. 118, Dana ii* 681.) 

d. Copper regulus. It has already been mentioned that the reguli produced in 
coppor-smelting consist essentially of cuprous sulphide, Cu*S, associated with sul- 
phides of iron (ii. 27—31 and 34, 35). Field (Chem. Soc. J. xv. 126) regards 
all copper reguli as compounds of cuprous sulphide in various proportions with 1 at. 

1 at. io’S’*, and 2 at. Fe^S. The following table exhibits the composition of 
some samples of furnace reguli at different stages of the smelting process, as compared 
witli this theoretical view. The first is clean regulus from a furnace ; the second is 
the same after some hours* roasting ; the third the same after further roasting and 
skimming. The fifth (with 8 at. Cu'-'S) is a specimen of native blue sulphide. 


Composition of Copper Eegtdus, 


Sulphur 
(Copper • 

Iron . 

With 3 at. 
Cu'iS. 

With 3 at. 
Cu«g, 

With 6 at. 
Cu^S. 

With 7 at. 
Cu^S. 

With g at. 
Cu2S. 

With 12 at. 
Cu2S. 

Calc. 

llxp. 

Calc. 

Ex|>. 

Calc. 

Exp. 

Calc. 

24*41 
52*57 
23 00 

Kxp. 

Cak, 

Exp. 

(^Ic. 

Exp. 

27 (Hi 
3609 
36*84 

2^08 

36*12 

36*78 

2.V43 
46*24 
28 32 

?8*27 
49 34 
28* 19 

24*86 

4974 

25*38 

24*85 
49*71 
*25 34 

24*32 

52-48 

22*89 

24*03 

34*93 

21*02 

24*12 

54-21 

21*13 

23 00 
61*34 
15*65 

22*90 

61*34 

15*61 


TBXiIiXJlMOll ox's Pale red compound, (Berzelius.) 

COPPER, TVivGSTATE OF. Found native in amine in Carrabas Coiinfcv. 
North Carolina. (Dana, ii. 602.) ^ 

HM^^^?**** VAM ABATE OF. Occurs native, as Volborthite, hi Siberia and 
lliuringia. Vanadates of copper and lead are found in the Lake Superior region and 
m Chile. (See Vanadates.) 

COPPER, VARXEGATEB. Syn. with Pdbplb Coppbb (ii. 77). 

COPPER, VXTRSOXrs. Syn. with Coppeb^olancb (ii. 74), 

COPPSR^BASBS, ABKXISOXTXACAEa The ammonio-cblorides, iodides, oxides^ 

&c., of copper ^cady described, and likewise certain ammonio-copper compounds con- 
taining sulphuric and other oxygen-acids, may be regarded as salts of ammonium- 
molecules, in which the hydrogen is more or bss replaced by ammonium and by cu- 
pricum, or cuprosum, thus [Am = NII^] : 


1. Chloride of Cuprammonium) 

(ii. 63) . , 

2. Sulphate of Cuprammonium 

3. Sulphate of Cupricum and) 

Cuprammonium . , i 

4. Bromide of Ammo-cupram- ) 

monium . . . , { 

6. Chloride of Diammo-) 
cuprammonium • , k 


2NH>.CuCl» 

2NH».CuSO« 

2NH».2CuSO« 

3NH«.CuBr» 

4NH*CuCP 


« (N*H«Cu)*'.Cl* 

« (N*H‘Cu)''.SO« 

-= (N»II*Cu'*Am)*'.Br* 
« (N*HWAm*y*.Cl* 
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4NH*Cu"I» -(MitWAin')*.(a* 

4NH* Cu"(BrO’)* = (N»H*Cu"Am«)''!(Brp^y 
4NH'.Ctf'(NO*)* .,?= (N=IPCu"AidT-(n6')* 

' ' ■ -rf-'’- * 

4Nn».Chi"0 + 4H*0 - ri^2EK:)u"Am*).(Ht))* + 3aq. 
4NH«.Cu"SO< + li'O =MfN'‘H^Cu"Am*^^SO ‘ + aq. 
4Nn«.Cu"S*0« - (N2H^CuAm*)".S20« 

4NH>.(Cu*ri* = [N2n^(Cu*y'Am"']".P 

4NH*.SCu"0 + eil'O « (N*Cu"Am^)".(HO)* + 7aq. 
6NH».Cu"Br* = (N2n’'Cu"Am«)".Bp* 

6NH*.Cu"SO* = (N2H»Cu"Ara*y'.SO< 

6Nn».Cu"Cl» « (N-H=Cu"AmO".CP 

Pentaimnonio-cuprie Sulphate^ or Sulphate of Triammo^cuprammo- 
nium^ 6NII®.Cu"B0‘, is prcKhiccd whon ainhydiws cupric siilpliato is exposed to tho 
action of dry uinmonia-gas, rapid absorption then taking pluco, attondnd with rise of 
tomperaturo and tuinebiction. Tlio product is a blue powder, which melts at a mode- 
rate red heat, giving off a largo quantity of ammonia, together with water and sulphite 
of ammonium, and leaving cupric snlpliato mixed with metallic copper. It dissolves 
completely in water, forming au azure-blue solution. (Kammels berg, Pogg. Ann. 
XX. 150.) 

Tetrammonio-cupric Sulphate^ or Sulphate of JDiammo-cupr ammo- 
nium, + 11*0, also called (hiprosiuli^hatc of ammonia, Vupnm animmiacale, 

Kupfersahniakf is prodneod by treating crystal li.sed cu[)ric sulphate, either pulverised 
or dis.solved in water, with atninonia, till the precipitate is completely rcdissolved. It 
crystallises by evaporation, or better, on carefully covering tho solution with a layer 
of ivlctdiol, or exposing it to a low’ tempemtnre, in long thin prismatic cr^’stals of tho 
trlmetric system, transparent, and of dark .azure-bine colour. On agitating the 
ammoniacal solution with alcohol, tho salt is j)rocjpitatod in the form of .a blue cry.stal- 
line powder. It must bo quickly dried between bibulous paper, and kept in well-closed 
Tessels. It dissolves in 14 times its weight of col<l water. When exposed to tho air, 
it gives off ammonia and leaves a green powder, which appears to bo a mixture of 
sulphate of ammonium and tetrabasic cupric sulphate, thiiSO*.3CuO. When hoatod 
for some time to a temperature not exceeding 119^ C., it gives off* 2 at. ammonia and 
1 at* water, and leaves sulphate of cuprammonium : 

4NH».CuS0^ + Jl^O - (2NIP + IPO) = (NWCu)".S0^ 

and this residue gradually heated to 205® 0. gives off another atom of ammonia, leav- 
ing sulpliate of cupricurn and cupraramoninni, (N'‘^JI“Cu)".Oii"(SO')"': and this again, 
if gradually heated to 260® C., still gives off I at. ammonia, and loaves neutral sulphate 
of copper, CuSO^ The .nqueous solution of tho tct.rammonio-cupric salt when exposed 
to the air deposits tetrabasic cupric sulphate, which is likewise prccipitetod when the 
solution is largely diluted with water. Zinc quickly precipitates metallic copper from 
the solution ; cadmium and lead decompose it more slowly ; arsenic decomposes it 
completely, forming cupric arsnnito ; bismuth, antimony, tin and iron have no effect 
upon it. (Gm. v, 440.) 

Neutral Sulphate of Cuprammonium^ (N*n*Cu)".SO', obtained ns above 
stated by gradually heating the preceding salt to 149® C., is an apple-green powder, 
which, on exposure to the air, absorbs water and turns blue. If moistened with a 
small quantity of water, it becomes very hot, and turns blue immediately. An excess 
of water decomposes it into sulphate of ammonium, tetrammonio-cupric sulphate, and 
tetrabasic cupric sulphate : 

fi(N*fl«CuSO<) + 4H*0 « 3N»B:»S0» + 4N^«.CuS0\B[^0 + (CuSO^SCuO). 


6. Iodide of Diamraonio- 

cuprammonium . 

7. Bromate of Bianimo- 

cuprammonium . 

8. Nitrate of Diammo- 

cuprammonium . 

9. Hydnite of Diammo- 

cuprammonium . 

10. Sulphate of Biammo- 

cuprarnmonium , 

1 1 . Hyposulphate of Biammo- 

ouprammonium . 

12. Iodide of Biammonio- 

cuprosammonium 

13. Hydrate of Biammonio-, 

tricuprammonium . | 

14. Bromido of Triammo-, 

cuprammonium . . ' 

15. Sulphate of Triammo-] 

cuprammonium , 

16. Chloride of Tetra-j 

cuprammonium . . | 
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Sulphate of arid Cuprammonium, NH*.CwSO*, op 

I (SO*)*, is tie tesidue obtained by gently heating anhydrous cupric sulphate 

saturated Vith ammonia, or by gradually heating tetmmmonio-ciipric sulphate to 
149® C, (Oni. V. 450.) 

Tetrammonio-cupric Nitra^e^ ot Nitrate of Diam7no-cuprammonium, 
4 NH*.Cu"(NO*)*, is obtajned'by s^itnratiiig a hot concentrated solution of cupric nitrate 
Trith ammonia-gas, and leaving tlio solution to crystallise hy cooling. It forms blue 
needle-shaped crystals, which give otF a little ammonia when heated, but no water if 
it has been previously wejjj, dried. At a higher temperature it explodes. It dissolves 
easily in w^J^r ; a small quantity of acid added to the solution throws down a basic 
cupric nitrate. (Om. v. 466.) 

Bromate ofBianpno-cupratnmonium^ 4NH*.Cu(BrO*)^ is precipitated in dark 
blue needles and as a cry.stalline ]X)wder, on adding alcohol to an ammoniacal solution 
of cupric bromato. It turns green when exposed to the air, dissolves in a small quan- 
tity of water, but is decomposed by a larger quantity, with precipitation of cupric 
hydrate. (Gm. v. 46.1;) 

The corresponding Mate is formed in a similar manner. 

Tetraynmonio-ctipric Ilyposulphate.^ or HyposuJphaie of Diammo’- 
cunrammoniiimy 4]SIP.Cu"S‘0®, is produceil by supersaturating a somewhat dilufo 
solution of cupric hyposulphate with ammonia. It cr}'stalliHe6 in azure-blue rcctaugular 
tables, permanent in the air, sparingly soluble in water. (Gm. x. 448.) 

Tlio following salts of cuprammonium and ammo-cuprammonium have lately been 
obtained. 


Silicate of cuprammonium .... 
Tungstate of cuprammonium .... 
Antinionato of cuprammonium 
Pyroplu>spbato of cuprammonium . 
Orthophosphate of cupricum and cuprammonium 
Arsenate of cuprammonium .... 
Acetivte of cuprammonium .... 
Tartrate of cuprammonium .... 
Tartrate of diammocuprammonium 
Succinate of diammocuprammoniuni 


(N*IPCu)"Si*0^ 
(N-II«Cu)"WO* + IPO 
(N*H*Cu)*Sb'H)’ + 4H'^0 
(N*IP0u)n^’^0^ + 11*0 
(N*H‘'Cu)*Cu'T*0* 
(N*H«Cuy'HAsO* + IPO 
C*H“(NGP0u)''0* + 2H*0 
C'H*(N*H“(:u)"0® 
C*H^(N*H*Cu"Am*)"0* 
0*n'{N*H«Cu"Am7'0* 


These salts are obtained cither hy saturating cupric salts with ammonia, or by 
decomposing cuprammonium sulphate, hPJPCuSO*, with barium salts. 

Ethylamine seems to form cuprammoniumB of analogous composition. (Hugo 
Schiff, Compt. rend. liii. 410.) 


COPPER-FltOTB. A basic arsenate of copper, Cu’As*0*.2CuH*0* + 7 aq., also 
called Tyrolite and Bharmacosid4irite^ found native at Falkensteiu in the Tyrol, and 
other localities. (See Ttrolitk.) 

OOPPXSR-GXiAXrCS. Native cuprous sulphide (ii. 74). 

COPPJB11-OXA.BC1I, ABTTZXICOXrZAE. (See ii. 76.) 

COPPSB, OUEir, or Ckrysocolla. A native silicate of copper, CuSiO* + aq., 
occurring in Cornwall, Hungary, Siberia, South Australia, &e., and used as an ore of 
copper. (See Silicates.) 

COPPEB-PCICA. This term is applied to two very different substances, viz. : 
1. A native arsenate of copper of somewhat variable composition (Cu’As*0*.5CuH*0* 
+ X aq.), also called I'amarite and ChatcophylUta, (See Tama kite.) 

2. A cuprous antimonite^ 3Cu*0.Sb*0*, or (Cu*)*Sb*0*, which is sometimes found in 
refined copper prepared from antimonial ores, and renders it more cold-short than red- 
short. When copper of this description is dissolved in cold or slightly warmed nitric 
acid, the cuprous antimonite is left behind, in very thin, regular, six-sided laminae, 
translucent, having a gold-yellow colour, and becoming brown and opaque while hot. 
In the flume of the oxyhydrogen blow-pipe, they melt a bluck-brown glass. With 
borax they exhibit a slight intumescence, and form a yellowish-brown glass, tnrning 
groenish-blue when mixed vith nitre. Strong hydrochloric acid dissolves tliem more 
completely than any other acid. The compound gave by analysis (deducting small 
quantitioB of lead, silver, iron, silica, and alumina), 67‘68 per cent. Cu*0, and 42*32 
Sb*0* (calculation, 68*64 Cu*0, and 41'16 Sb*0*). (Hausmann and Stromeyer, 
Schw. J. xix. 241.) 

^J^opper-mica, nickdiferous (7Cu0.6NiO). Sb*0*? This compound is obtained 

froav 


smeiuHi ai u-osiar. Alter tne copper nas neen ireaiea wiin aiiuio 
acid, the copper mica iB freed from arsenical oxide of antimony— proceeding 


VoL, II. 
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mtunonidd of copper previously contained in the copper, and decomposed by the nitric 
acid — by digesting it in a mixture of hydrochloric and tartaric acid. In this manner 
10^ parts of higlily micaceous copper yield 4*16 pts. of pure copper-mica. It forms 
pale greenish-yellow, translucent, strongly lustrous, regular six-sided laminae, which 
assume a transient yellow colour when heid^d. This compound neither fusea nor 
, suffers any alteration at a red heat. With carbonate of soda on charcoal, it yields a 
white brittle metal, and covers the charcoal with antimonic oxide. Heated in the 
outer blowpipe-flarae with borax or microcosinic salt, it disifelves immediately, and 
forms a light green glass. It is scarcely attacked by acids, excepting by concen- 
trated hydrochloric acid, which dissolves it after long boiling. When hydrogongas is 
passed over 100 pts. of red-hot copper-mica, a quantity of water is obtained corre- 
sponding to 18T9 per cent, of oxygen. (In tliis reaction 2*66 pts. of the mica — that 
which contains only nickel and no copper — appear to escape decomposition.) The 
residue is baked together, but still retains the form of laminae ; it may be decomposed 
by nitri^ acid or by chlorine ; in either case, the pure nickcl-mioa remains undecom- 
posei r 

. Nickeljferous coppor-mica gives by analysis (abstractiiig th%niekel-miea) 44*28 per 
cent. CuO, 30*^1, NiO, and 25*11 Sb-O*, the above form ill requiring 46*13 CuO, 
30*21 NiO, and 24*66 Sb‘‘*0^ (Boucher, Pogg. Ann. xli. 335.) 

COPPSR^MXClfiSXia Native arsenide of nickol. (See Nickel.) 

COFPBR-PYRXXSS. (See Suli'Hidks of Copper ajsd Iron, ii. 77*) 

COPPfiRAS* Protosulphate of iron. (See Sulpuates.) 

COPROXiXTXSS. The excrements of extinct animals, found in large quantities in 
certain geological formations, especially in the lias. Their true nature was first 
pointeil out by BucklancL They coii.sist mainly of phosphato and carbonate of cal- 
cium, tlie quantity of phosphate sometimes amounting to between 80 and 90 per cent. ; 
they contain also magnesia, oxid^of iron, silica, water, and organic matter, with small 
quantities of manganese and fluorine. Their composition is, in fact, very much like 
that of l)one, tiio bony constituents gf the excrements having resisted the action of de- 
composing agents more than the other portions. The quantity of phosphoric acid in 
ooprolkes renders them very valuable as manure. 


Analyses of Co^rolitcs. 
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Ca3P«OH . , 

70*9 
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36*38 
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45*68 
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’hoaphate of aluminium 

16 

4-71 
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phosphate . 
I^rlde of cHlcium . 

fj-9 

0-61 

92 

1*7 

4«1 



♦ • 



• • 

• • 

27*71 


'arbttolc anhyilriile. 
'arbonate of culviiim 

*10 28 


'2,*l-7’ 

* 4*3.5 

*.514 


*6 61) 
C4'7(: 

34*77 

13-29 

• • 

7*68 
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'arbonnte of magneaium 

trace 

0-5 
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9 70 
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(ulphHte of potassium . 

trace 
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• Ann. Ch. Pham. Ixxix. I. 
« Pogg. Ann. cv. 156. 

• Sill. Am. J. [‘21 XV. 126. 


i Ibid. Ixxxlx 321. 

4 Chem. Oas. 1N49, 449. 
t Jabrb. Miner. 1847, 739. 
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TLo chalk marl and adjoining strata are also very rich in coprolites and other pe- 
f^;f>u»tionij containing phosphoric acid, as shown by the following analyses made by 
Messrs J. M. Paine and J. T. Way (Jonm. Roy. Agr. Soc. vol. ix. pt. 1) : ^ 

a The chalk marl with fossils containing a large quantity of phosphoric acid. 
h The marl itself from which the petrifactions have been separated by sifting, c. In- 
durated marl and small fossils which remained on the sieve, d. Marl from Bentley 
•with the fossils. <*. The fossils therefrom. /. Petrifi^tions in the upper marly layer 
ef the Upper Greeiisanii: g. Soft amorphous bodies in the same. A. Petrifactions in 
the Gault, very rich in phosphoric acid, u Petrifactions at the junction of the Gault 
with the Lower Greensand, k, A conglomerate of petrifactions with sandstone cement. 
/. Green granules from the Lower Greensand. 


petrifactions in the Chalk Marl and adjoining Strata, 




a. 

d. 

c. 

d. 

e. 

/• 

g- 

A. 

7. 

A. 

A 

PhoBphoric acid, (P^O'') 
Carbonic Judd (CO*) 

1 

1-82 

6Gi 

9*31 

33*03 

24 28 

29*87 

27*13 

0*M 

20*80 

6*89 

20-65 


28 98 

*2-61 

•2-35 

,V58 

l*2*)3 

8'77 

8*77 

6*64 

1 06 

4 62 

4*0) 

Sulphuric acid (SO-*) 
SdUthIc Bilica . . 



kl-14 

^•30 

■3 27 

0-9 1 

j7-68 

0 3 28 

*8*12 

*3*25 

18 42 

6* 13 
1 18*68 

]iit^(nal)le ailica . * 


19 fit 

3*i-8i 

20 83 

7-12 

1 7-18 

i.5*46 

43* H7 

39-69 



37 71 

9*ft3 

10*24 


47 46 

42*29 

39*86 

•2*01 

23*86 

9 11 

34*61 

.\la</n<’gia . « . 


0-138 

1-97 

1 43 

trace 

0*21 


0-96 

0 18 

0*37 

1 (.4 

C 0*98 

I 7 24 

1 79 

Alumina . • • 

wjutoxide of iron . 

I'ot'llill . • • 


j3*04 

1 1*46 

3*10 

13*11 

1 90 

2*91 

G*87 

10 60 

6*69 

3-3.5 

13*65 

Soda .... 


. 

• 

. 



* . 
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302 

2*f)4 

:v0i 

11*80 

4 .52 

2*49 

2‘.30 

3 40 

4-12 

2-28 



98-32 

ioo-2r> 

97*2) 

100 50 

100*00 

iOOOO 

100*26 

99 94 

99-90 

97-84 

97-i4 


COPXrZiA. See Conjugated Compounds (ii. €), 

COQirXMBXT3B. White Copperas, — A. hydrated ferric sulphate found in the dis- 
trict of Cophipo in the province of Coquimbo, Chile, apparently produced by the wea- 
tlK’ring of iron pyrites. It forms crystals belonging to the hexagonal system, namely, 
small six-sided prisms with truncated pyramidal summits, qo P . P . oP. Angle of the 
terminal edges « 128® 8'; of the lateral edges = 68®. Cleavage imperfect, parallel 
to the prismatic faces. Also in fine-grained masses. Specific gravity *= 2—2*1. 
Hardness ~ 2*25. Colour white, inclining to brown, yellow, green, and sometimes 
l)lue. Lustre vitreous. Transparent or translucent. Taste astringent. Before the 
blowpipe it first gives off water, then sulphurous acid, and leaves a residue of ferric 
oxide. It dissolves in cold water and in hydrochloric acid, leaving only a small quan- 
tity of silica. The aqueous solution deposits a large quantity of ferric oxide on 
boiling. 

Analyses by II. Rose (Pogg, Ann. xxvii. 310) : 

SO> Fe'-'O* APO* CaO MgO SiO» H“0 

Crystalline . 43*66 21*11 0*92 0*73 0*32 0*31 30*10 = 100*04 

Granular . 43-55 20'2l 0*78 0*14 0*21 0'37 29-98 = 100-24 

These analyses agree nearly with tho formula : 

Fe*0*.3SO> + OH^O « Fe*(SO‘)* + 9H*0, or/«"SO^ + 3H*0 ; 

\}i fe =s JFe « 37iJ), which requires 42*7 SO*, 28*5 Fo^O", and 28*8 water. 

The same salt has been found, also in hexagonal crystals, by Sciicchi in* the Phlo- 
gnnan Fields, together with Halotrychin. Rammolsberg {Mineralche7ni€, p. 274) 
also regards as coquimhite, a miner.al from Coquimbo, formerly called Blakeite, 
analysed by Blake (Journ. Bost. Soc. Nat Hist.), and found to contain 41*37 per cent. 
SO*, 26*79 Fe*0», 1-06 APO*, 0*30 MgO, 0-82 SiO*, and 29*40 water, which agrees 
nearly with the preceding formula ; but it crystallises in regular octahedrons. Dana 
suggests that it may be an iron alum. 

COBACZTB. A mineral found on the north coast of Lake Superior, where it 
forms bods 2 inches thick in syenite. It is amorphous, with rough, conchoi'dal, 
resinous fracture. Colour black with grey streak. Specific ™vity 4*378. Hwd- 
ness 4*6. Heated alone before the blowpipe it remains unaltered ; with fluxes it gives 
the reactions of uranium. It 'appears to be a variety of pitchblende, in which the 
uranic oxide is partly replacedf by alumina (Leconte, Sill. Am. J, ^3] iii. 173; 
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Jahmber. i Chem. i. 1847-48, 1167). An analysis by Whitney (SiU. Am. J. r21 
ni.434)gav«: n LJ 

U-0> A1K)» Fe^O* PbO CaO CO* SiO* HO Total. 

5^-30 0 90 2-24 6*36 14*44 7-47 4*35 4*64 - 98*70 

COII^X. Coral rocks consist mainly of carbonate of calcium, Tfith variable 
quantities of* carbonate of mHg;nesiuin and organic matter, and small quantities of 
phosphate, sulphate, and fluoride of calcium, alkaline chlorides, oxide of iron, and 
silica. Silliman found in fresh corals only 1 per cent, of magnesia, but in dense coral 
rock the carbonate of magnesium was found to amount to 38 07 per cent. Another 
rock, consisting of the debris of corals contained 6 '29 per cent, carbonate of magnesium. 
The presence of the magnesia appears to be due to a double decomposition taking 
place between the original carl>onate of calcium of the rock, and the magnesian salts 
in sefv-water H process which likewise contributes to the hardening of the rock. 
(Jahresber. f Chem. 1847-8, 1291.) 

B. Silliman, jun. (Sill. Am. J. [2] xii. 174), found in a considerable number of 
reef-forming corals, from 2*11 to 9*43 per c(?nt. organic matter f the residue left after 
tlie removal of this contained from 97 to 99 per cent, carbonate of calcium, together 
with soluble silica, lime probably in combination with silica, also carbonate of magne- 
sium, and the other salts above-mentioned. 

The red pigment of corals is, accor<ling to TrommsdortF, not ferric oxide, but a red 
resin soluldc in oil of turpentine, and after removal from the coral by this solvent, 
easily soluhle also in alcohol and ether, but insoluble in caustic potash. In a red 
madrepore, Vauquelin found a red colouring matter, which was turned violet by 
alkalis. 

The organic matter of the stems of polypes appears in some cases to consist of chitin 
or conch lol in. 

In CoralUum nobile, Forchhammer found 2*13 per cent., in Ts?s liipjpnriics, 0*32 
per cent, carbonate of magnesium. In CoralUum ruhrum and Madrepora oculata, 
Stratingh and Fyfe found a trace of iodine. 

Kespecting the composition and ajterations of coral rock.?, see also Dana (Sill. Am. 
J. J2] vi. 268). Forchhammer (J. pr. Ohom. xlix. 62; Cliem. Gaz. 1849, 411.) — 
Dainour (Ann. Ch. Pliys. [3] xxxii. 362). Dana {Und, 410). — Also Jahresber. 
f, Chem. 1817— 8, p. 1291; 1849, p. 813;' 1851, p. 865; 1862, pp. 958—961. 

f mv^A T.T. T1W A OFFXCXVAXtZS. Nodvlaria nffidualiSy M%iscv}i coraUimta a, 
imrinus , — The shell of a marine radiate animal, formerly used in medicine. Accord- 
ing to an analysis by Bouvier (Ann. Chim. viiL 308), it consists of 61*6 per cent, carbo- 
nate of oalcium, 7*4 carbonate of magnesium, 0*3 gypsum, 1*9 chloride of sodium, 
0*2 ferric oxide, 6*6 gelatinous matter, 6*4 albumin, and proViahly also iodine and 
bromine. It was used comminuted and mixed with other corals, viz. C. fragilis»ima, 
C, cylindrical C\ moniformis^ &c. 

COXIDXERZTB. Syn. with BiCHROjm 

OOXlXAKBEXt, OXXi OT. (Trommsdorff, Arch. Pharm. [2] li. 114. — Xawalier, 
J, pr. Chem. Ixviii. 226,)— Coriander seeds, the fruit of Coriandrum sativum^ contain 
abopt 0’37 per cent, of a volatile oil, besides fat, extractive matter, &c. The volatile 
oil, jwhicli is olitaincd 1)}" distilh’ng the bruised fruit with water, is colourless or palo 
yellowy has an aromatic taste, and when concentrated, smells like the seeds, though 
more agreeably ; in the dilute state it smells like orange-flowers. Specific gravity 
0*859 (Trommsdorff), 0*871 at 14° C. (Kawalier). It dissolves in alcohol^ et&r^ and 
pf/a, both fixed and volatile. It explodes violently with iodine. With strong nitric 
acid^ it becomes very hot, and forms a resinous mass. Strong sidphurie acid convert* 
it into a brown-red liquid, which carbonises quickly when heated. 

Coriander oil is a mixture of seA^oral oils, and appears to var^ in composition. It 
contains a volatile oxygenated oil, and a less volatile oil containing little or no oxygen. 
The crude oil begins to boil at 150° C., an oil then passing over corresponding in com- 
position to the formula C‘®H'*0, or afterwards the temperature rises, and 

adess volatile oil distils over, containing, according to Kawalier, or perhaps 

or 4C*®IP*.fi*0. The crude oil (Sstilled with phosphoric a^mydnds 
yields a distillate of cumphene, C**H**. 

Coriander-oil saturated at a low temperature with hydrochloric add gas^ forms a 
permanent liquid hydrochlorate, which may be purified by washing with weak soda- 
ley, and di^g over chloride of calcium. According to l^walier, it contains 
or perhaps 4(C*®H'«.HC1) + H-0. 

, €OMABnr. A crystalline substance said to exist in the leave^^ of Qwia^ia 
mgrtifolia, (Peechjer, Trommsd. N. 57.) 
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COMK* The outer bark of the Qiicrcm aiilnTf a tree wliich grows to tin? lieighfc of 30 
or 40 feet, in the South of Europe, in the Nortli of Africa, and in the East. It is 
tiiiguish(‘d by peculiar toughness, sotluess, and elacticity, 'which render it indispensable 
for a variety of purposes. 

Cork consists for the most part of a modified form of cellulose, called which 

remains behind after the cork hiis been exhausted with alcohol, ether, water, and sul- 
phuric acid. 

Chevreul also found in cork a fragrant substance, cerin (i. 830), whi^ passed over 
on distilling the cork witli watt'.r, a soft resin, a yellow and a red colouring matter, 
quercitannic acid, gallic acid, and a brown nitrogenous substance, together with 0-7 
per cent, calcium, salts of vegetable acids, and 4 per cent, water, which is given off at 
100° C, 

Cork oxidised with nitric acrid yields oxalic, suberic, and eerie acids (i. 830). 

CORK, MOUM'TAXXI'. See Asbestos (i. 415). 

CORSTSXXrS. A compact hornblende rock, of smooth fracture, extremely tough, 
and sonorous wlien struck. 

CORRSOV8 XiBAD. Native ehloro-carbonate of lead, PbCP*PbCO*; also 
called certtsine. (See Lead, CHLonriiE of.) 

CORNlir, or CORRXC ACXO. A crystallised bitter substance, obtained from 
the root of Cornits florida^ by exhausting the root with water, mixing the solution 
with moist hydrate of lead, evaporating the filtrate to un (?xtract, treating the residue 
witli absolute alcohol, mixing the turbid solution with ether, digesting the filtrate with 
(\irl)onate of lead, filtering again, distilling off the greatiir portion of the liquid, and 
leaving tlie I’emaining turbid liquid to evaporate. Gornin is then deposited after 12 
hours, ill stellate groups of delicate crystals having a satiny lustre. 

Coriiin dissolves easily in w'atoruud in alcohol, sparingly in ether. The solutions are 
not prc!cipitated by alkalis, tiiurture of galls, iron-salts, bariurn-salts, or neutral lead- 
salts, but give precipitates vvifh basic acetate of lead, and nitrate of silver. Cornin 
(loc-,s not exhibit basic properties ; it is partly separated from its solutions by charcoal, 
either vegetable or animal, .so that the.se substances cannot be used to decolorise the 
solutions. (Geiger, Ann. Ch. Pharm. xiv. 206.) 

CORRXTS. A name sometimes applied to tho compact felspar which constitutes 
the ba.se of porphyry. 

CORROVXXr. A resin obtained from the bark of an East Indian tree, called 
Coroa or Cornova. It is brownish-yellow, of oily con.sistence, inodorous, has a rough 
irritating taste, and acid reaction. It dissolves (uisily in absolute alcohol and in ether, 
but not in oils. (Trommsdorff, Troinmsd. N. J. xxi. 2, 116). 

CORRUBXARZTS. A fine-grained modification of gneiss, occurring in Cornwall 
and in the Erzgebirg. It is of a dingy, greenish, yellowish, or n^ddish-grey colour, 
Htriatod and spotted. The stratification is imlistinct, and recognisable only by the 
layers of mica, or by the variations ot colour and fiiionebS of graiu. (Kenngott, 
Haiidw. d. Chera. ii, [3J 212.) 

CORXrirS. The fbllcwing species of this genus of plants have been chemically 
examined. They do not ajipear to contain any alkaloids. 

Curnus florida. — The bark of this tree, which is used in North America ns a febri- 
fuge, contains a bitter crystalline substance, cornin^ — a tannin which turns iron- 
salts blue, — an indifferent crystalline resinous body, — gum, — a small quantity of 
starch, --a colouring matter containing iron and manganese, and lime and magnesia 
in combination with* oxalic acid, and perhaps also with malic and phosphoric acids. 
The fruit is scarlet-coloured and very bitter. 

Cornua masevda, — The unripe fruits contain a large quantity of tannin ; tho riper 
fruits are sweet 

Cornua aanguinea {Dog-wood). — The fruits^ which are very bitter, yield oil when 
pressed. {RocJdcder'a DnytochemUy p. 115). 

CORirWAXAZTS. An arsenate of copper from Cornwall, containing, accord- 
ing to Lerch, 30*21 per cent, AsW; 216 P'-^CP, 54*61 CuO, and 13*02 water, therefore 
SCuO.As^O* ->• 6H*0, or Gu*A«^0'‘,2GuO + 5H*0. Amorphous. Park green. Spe- 
cific gravity *. 4*160. Hardness — 4'5 (Handw. d. Chem, ii, [3] 212j. 

CORTSPZirZTAM'R'IC AOZB. An acid obtained, together with several 
other substances, from tho bark of the Scotch fir {Vlnua sylmatria), Pned in 
Vacuo, it forms a red powder containing -h 3/fO. Its aqueous solution 
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forms a deep green colour with ferric chloride. (Kawalier, Ann. Ch. Pharm. 
Ixzzviii. 860.) 

OOliTXCZir. An amorphous yellowish substanco existing in the bark of the 
aspen {JPoptdus tremula\ and perhaps also in other barks. It is tasteless and inodorous, 
Bparingly soluble in water, easily in alcohol and in acetic acid, and is precipitated from 
the latter solution by water or sulphuric acid. (Bra conn ot, Ann. Ch, Phys. [2] 
xliv. 296.) • 

OOmnTDBUZTS. Sec MAROAniTE. 


COBUiroOPBZUTXS. A hydrated silicate of aluminium and iron, found with 
corundum in stellate groups at Ashville, Buncombe County, North Carolina, The 
crystalline form is said to he monocliiiic. An analysis (made with only 0*146 grm. 
of material) gave 34*76 per cent. SiO'^ 31*25 FeO, 8'66 5*47 water, and about 

2*0 per cent, alkali. (C. U. Shepard, Sill. Am. J. [2] xii. 201.) 


OOBVB'SIUIIC. Sapphire^ Ruhy^ Oriental Amethyst^ Oriental Topaz^ Adamantine 
$par^ Emry^ {Kortmd^ Smirgel^ Demantspath, Salaynstein^ TdSsie, Corindon, Rttbis 
a Orient).— anhydrous alumina, A1*0» Crystallises in the hexagonal system, 
isomorphous with the sesquioxides of iron and chromium. Primary form an acute 
rhomhohedron R. Numerous combinations occur, among which may be mentioned 
B . oR, {Jigs. 146, 147) and ooP2 . oR . R . |P2 {Jig. 148^ / 



For the primary form E, the ratio of tho vertical to tlite hwiiout^J hxiit 
P3617 : 1. Ahgleof the tenninal edges 86*^ 6'. For §P2 the aMo of the tortninul 
edges ta 128® -3 , and of the lateral edges = 122^^ 18'. Cleavc^o imperfect, parallel to 
R and oR; where it appears perfect, it is probable that combi ef><iitfcrcnt 
individuals are prcserit.' tfSiin crystals also occur united, by tho faces R or oR {Kopp's 
KrvstaUographie, p. 211). Corundum occurs also massive, granular, or impalpable, often 
in layers, from composition parallel to B; 

Specific gravity « 3*9 to 4. Hardness « 9*0. Colour, nearly white, grey, blue 
red (ruby), violet, yellow, and brown. Lustre vitreous, sometimes pearly 
planes oB. Transparent in various degrees to mere translueence 
Some crystals exhibit a bright opalescent* siX-sided ; star when viewed 
on of the vertical ws {asteria). Fracture cohchoIHal, Uneven, or splintery. 

, , bndum is infbsible and unalterable before the blowpipe. Ijie |k)wder moistened 

with cobalt*8olution and ignited exhibits a fine blue colour. With boraX' it slowly 
forms a clear glass; does not melt with soda. Insoluble in acids, but, by fusion with 
acid sulphate of potassium, it yields a mass easily ’Boluble in water. 

Pure corundum consists entirely of alumina, but it is ofteu mixed with ferric oxide, 
titanic acid, and other subst^ces, which aflPect its colour and transparency. Precious 
corundum includes lhar varieties of pure and brilliant colour, which are 

cut for gems; the sapphire, the red, ruby, the yellow Oriental 

topaa, the violet t^hy 8 1 Gommn corundum includes the op^ue 

vanetjos^of lesapti^ adamautine spar, which is ciystalJisod and yields 



a very 
has a crysf 
glass, 


diamonds and other gems,^iwid emery, which 
Used in like manner ibr polishing metals. 


lUWfltructure^ 

The RUalyscs of by J, L. Smith (Sill. Am. J. [2] x. 864; 

ad. 68 j Dana, ti 112). ifilag. standt for ri^netk oxide of iron* 
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Sapphire ^Indian) 

Kuby (Indian) ^ . 

Corundum of Aaia Minor 
„ Nicaria 

,, Asia . 

„ India 


Emf ry • 

Kulah 

Samo3 

Kicaria 

Kulah 

Gumuch 

Naxos 

Nicaria 

Gumuch 

Kulah 


Hard- 

ness. 

Sp«*e. 

grav. 

ah 6 \ 

Mag. 

100 

406 

97-61 

1-89 

90 

, , 

97*32 

109 

77 

3-88 

92-39 

1-67 

66 

3-92 

87*62 

7-60 

60 

3-60 

86-62 

8-21 

68 

3-89 

93-12 

0*91 

66 

3*91 

84-56 

7*06 


, , 

, , 


67 

4*28 

63-60 

33-26 

56 

3-98 

70*10 

22-21 

66 

3-76 

71*06 

20-32 

63 

4-02 

63-00 

30-12 

47 

3-82 

77 82 

8-62 

46 

3*75 

68-53 

24 10 

46 

3-74 

7612 

13-06 

42 

4-31 

60-10 

33-20 

40 

3-89 

61-05 

27-16 


Ca* 0 . 

SiO«. 

Watet. 


• • 

0-80 


« 100*20 

a • 

1-21 

* , 

- 99-62 

1-12 

2-05 

1-80 

« 99-83 

0*82 

2-01 

0-68 

» 99-63 

0*70 

3-86 

M6 

« 101-94 

1-02 

0*96 

2-86 

« 98-87 

1-20 

4-00 

3-10 

» 99-92 

0*92 

1*61 

1-90 

« 101*18 

0-62 

4*00 

2-10 

« 99-03 

1-40 

4*12 

2*53 

- 99*43 

0-50 

2*36 

3*36 

« 98-34 

1-80 

8*13 

3-11 

« 99-48 

0-86 

310 

4-72 

= 101-31 

0-72 

6-88 

3-10 

= 98-88 

0-48 

1*80 

6-62 

= 101-20 

1-30 

9-63 

2-00 

= 101*13 


Corundum occurs associated with crystalline rocks. The sapphii’o, ruby, and other 
forms of precious chnmdUih, are obtained chiefly from India, CJiinj^ and Ceylon. Sap- 
phire has been found i^o. at Newton, New Jersey, and a fine ruby in Cherokee Coanty, ■% 
Georgia (U. 6.);- * Adam^atiue spar is obtained from China and from the Ural; emery 
from the island of i^a^s, from .Smyrna, from Schwarzenberg in Saxony, from the 
Urai, Spain, Groeco, an^othcr places. A boukh^r of blue massive corundum has been 
found in lliineonri)^ County, North Carolina. Comndiims are also found in numerous 
other localities imbedded in granite, gneiss, syenitJe, mica-slate, dolomite, basalt, and 
other rocks, but seldom large or fine enough to be fit for gems. 

Corundum sometimes absorbs water and changes to diaspore. It is also replaced by 
silica, forming quartz pseudornorphs. 


CORTDAXiZlV’Ii. An alkaloid existing in the roots of Corydalis huJhosa, C. fahaceOy 
and Aristoloehia cava» It was discovered by Wackenroder (Kastn. Arch. [1826] Tkl, 
viii.), and afterwards examined by Peschier (Trommsd. N. J. xiii. 80), Winckl er 
(Pharm. Centr. 1832, p. 38), liuickholdt (Ann. Ch. Pharm. Ixiv. 369), and Muller 
(Yioi'tcljahrschrift pr. Phnrni. viii. 626). 

rrejtarativn. — 1. Prom Corydalu fndbosa. Tlie juice expressed from the fresh root 
is coagulated -by heat, precipitated with neutral acetate of lead, tin<l filtered ; the lead 
is separated -by suIphUnc acid; and the corydaline is precipitated from the filtrate hy 
ammonia, thou drWd and dissolved in 12 to 16 pts. of alcohol of 80 per cent. ; and tiro 
solution, after bclbg digested with blood-charcoal, is filtered and evaporated to the 
crystallising By mixing the alcoholic solution with a large quantity of water, 

the .corydhlin* ma^.be precijidtHted in the pulverulent foni:^(WIpckler). Miiller ex- 
hausts the root with water containing hydrochloric acid r' pwipitates the filtnite with 
carbonate of sodium ; rcdissolves the precipitate in hydrochloric acid ; again precipitates 
with carbonate of sodium ; exhausts the washed and dried precipitate with pure oil of 
turpentine ; and agitates the oil with water containing hydrochloric acid. The cory- 
daline then dissolves i&^the acid and' may he precipitated: by potash. 

2. From ihfiTOGt of ArtsiolocMa cava. The root is exhausted with wa^lh^i^njtisw.iug 
hydrochloric acM: the sotutibii is precipitated by carbonate of sodium ; 
treated witli alccmol; a’hfi the solution left to crystallise by evaporation. tie : 

easiest mode of j)reparation. (R u i c k h o 1 d t.) * > 

Properties . — Corydaline forms light, non-coherent, greyish- white masses, whi6fi 
strongly. According to Muller, it is a loo.so w'hite powder. It is usuaUy said to ^ 
tasteless and inodorous, but according to Miillor it is bitter when moist. It is insolu- 
ble in water, but easily soluble in strong alcohol and ether. P’rom a hot saturated 
alcoholic solution, it crystallises in shining rhombic prisms ; by spontaneous evapora- 
tion in scales. Corydaline melts at 100^ C. (at 60°- 70®, Recording to Muller) ; when 
strongly heated, it turns brown and gives off water and ai^onjik Citric acid colours 
it deep red, the colour being perceptible even in very'^tttS^solktidhar Suljphurio acid 
dissolves it with deep yellowish-red colour, 

Coiydaline gireit^hy analysis : 


62*4 , , 6*8 . . 4*8 . , 100 (fioBereiireT). 

60-2 . . 5*9 . . a o . - 100 (Ruickholdt). 

Hence have been deduced the empirical formulae 
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(Ruickholdt); Muller, from his own analysis, calculates the formula 
Ifone of these formulae can be depended upon, as there is no proof that 
the analyses were made with pure substances. 

Corydaline unites with aci^, forming salts most of which are colourless and some 
crystalline (aocor<^ng to M tiller, none of them crystallise). They have u very bitter 
taste and are precipitated by tannic acid and by ammonia ; also by ^iash or soda ; 
but the precipitate rcdissolves in excess of the fixed alkali. 

Hydrochlorate of Corydaline forms yellowish-green, brittle, right rhombic prisma with 
perpendicular terminal' faces having a glaasy lustre. It contains 10 *8 percent. HCl, and 
16-6 per cent, crystullisation-watcr, and i.s therefore perhaps \2HO 

(Ruickholdt). The crystals give off 12*5 per cent, water at 100° C., and 3*0 per 
cent, more at 146° ; at higher temperatures decomposition takes place. The salt dis- 
solves readily in water and in strong alcohol. 

Hydrochlorate of corydaline fonns a white bulky precipitate with mercuric chloride. 
Acetate of Corydaline in e'diiily so\\x\)\^ Bind so likewise is the neutral 

9‘idphate; with excess of sulpli uric acid, a gummy acid salt is obtained by evaporation. 

CORTDilXiZS BirXiBOSA. In the root of this phint, corydaline was first found 
by Winckler; afterwards fumaric acid by Wickc (Ann. Ch. Phiirm. Ixxxvii. 226). 
Miillcr (Viorteljahr. pr. IMiarra. viii. 626), who has examined the root more 
minutely, finds no fumaric acid. By distilling the root with water, he obtained a 
volatile oil and acetic acid ; ether extracted from the dried root 2-2 pts. consisting of 
colouring matter, fixed oil, resin, and a small quantity of corydaline ; alcohol extracted 
24-6 pts. (corydaline, resin, citric, malic, acetic, tannic and saccharic acids) ; water 
extracted 3*4 pts. (albumin, starch, and a small quantity of valeric acid); and hydro- 
chloric acid, 15*6 pts. (pectin and oxalate of calcium), the residue, amounting to 54*2 
pts., consisted of a woody fibre and other insoluble matters. The dried root yielded 5*9 
per cent, ash, containing in 100 pis. 6*2 pts. K‘0, 10*4 Na*6, 8*3 CaO, 7*6 MgO, 3*8 
APO», 4*1 hVO*, 0*1 MnO, 36*7 SiCP, 11*3 S(P, 9*3 F-'O*, 2*0 CO*, and 2-3 Cl. 

GOSSBZN’ZS. A name applied by Marti n to an organic base, which he supposes to 
exist in kousso, the celebrated Abyssinian remedy for tape-worm. Martins, however 
(Buchner’s N. Repert. [2]. iii. 177), was not able to find it. 

COTARIVAAKIC ACZBv C"II‘*NO\ is formed by the action of aqueous hydro- 
chloric, hydrioclic, or sulphuric acid on cotarniiie, at a temperature of 140° or 150° C. 

c'*n'*NO» + IPO + nci - c>*h‘»no* + cn*ci. 

Cot amine. Cotarnamic acid. 

Like aspartic acid, cotarnamic acid combines with strong mineral acids. The only com- 
pound of it which has as yet been obtiiined pure is tlie hydrocMorate, C”H>*NO*IICI. 
This body crystallises in small, pale yellow tufts of silky needles ; it is but slightly 
soluble in cold water, very soluble in hot water ; it is less soluble in., alcohol and in- 
soluble in ether. When the pure compound isdissolved in hot w'ater, a portion always de- 
composes, causing an orange precipitate (of cotarnamic acid) to separate; the same pre- 
cipitate is produced on cautiously adding ammonia or potash to the solution ; the hydro- 
ehiorate dissolves without alteration in water containing a little free hydrochloric acid. 
An aqueous solution exposed to the air gradually acquires a beautiful green colour. 
Nitric acid, added drop by drop to a solution of this compound in hot w'uter, causes it 
to appear deep opaque crimson by reflected light, and orange-yellow by transmitted 
light Evaporate on a water-bath with sulphuric acid, it acquires a fine crimson 
colour when nearly diy ; this colour Is destroyed by additi^of water, but reappears 
when the water is again evaporated, (Matthiessen and Foeter,^nva<^ communi- 
cation,) O. C. F. 

COTBiUrXC ACZB, C'*H**0*. — This substance is produced by the action of dilute 
nitric acid on cotamiiie at a gentle heat (Matthies son and Foster, Proc. Roy. Soc. 
x\, 69), but the conditions necessary for its certain production are not yet known. 
Hethylamine is formed at the same time : 

C**H‘«NO» + NHO» + 2H«0 » + N(CH»N)0*. 

CoUrnine. Cotarnlc acid." KitriUe of 

methylumino. 

It dissolves easily in water, giving a solution which reacts strongly ac^ with litmus. 
Alcohol disBolves it but , sparingly, and ether precipitates it from its alOTholic solution. 
It gives white precipitate with acetate of lead and nitrate of silver. The sUvcr-salt is 
slightly more soluble in hot water than in cold; it contains C"H'*Ag^. 

Ootunine may be regarded as the methylated imide corresponding to cotarnie 
acid. Cotarnie acid,^ cotarnamic acid, and cotamine then bear to each other the same 
j^latidhi as malic ^d^ aspartic acid| and malanile or phenylmalimide: 
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Cotarnic acid . C’*H**0* Malic acid . . 

Cotamamicacid • Aspartic acid . C^H’NO* 

Cotarnine . . C"fl'"(CH*)NO* Malanile . . 

COTARMTXirBf C*^H**NO* + H®0, or (P^IT^NO^ + 2110, — noH'Tolatile organic 
base, obtained by the action of oxidising agents on narcotine. It was first obtained 
by Wohler, in 1844 (Ann. Cli. Plmrm. 1. 19), as a product of the oxidation of narco- 
tine by peroxide of manganese and sulphuric acid; and, almost simultaneously, Bly th 
(/W. 1. 37 ; Mem, and Proc. Cliem. Soc. ii. 168)^ observed its formation by the action 
of dichloride of platinum on narcotine. Cotarnine has been further studied piirticu- 
larly by Anderson (Ed. Phil. Trans, xx. [3] 359; Chem. Soc. Qii. J. v. 266; Ann. 
Ch. Pharm. Ixxxvi. 196), and by Matthiessen and Poster (Proc. Itoy. Soc. xi. 
55; Ann. Ch. Pharm. Supplement B. i. 330; Bullet, de la Society Chim. 1861, 22). 

Formation and preparation, — 1. Narcotine is dissolved in a considerable excess of 
dilute sulphuric acid (3 pts. sulphuric acid, 30 pts. water, and 2 pts. narcotinc, are 
good proportions: Matthiessen private communication\ the solution 

liented to boiling, finely powdered peroxide of manganese (3 pts. Matth. and Post.) 
added, and the liquid filtered as hot as possible. (Wohler directs to boil the mixture 
>vith excess of peroxide of manganese and acid as long as gas is evolved; Matthiessen 
and Poster recommend to add the peroxide of manganese in the proportion given above, 
as quickly as possible, to the already boiling solution of narcotine, and to filter im- 
mediately). The filtrate deposits opianic acid on cooling, and the mother-liquor poured 
off from the crystals contains sulphate of cotarnine and sulphate of manganese. The 
manganese is precipitated with carbonate of sodium, the precipitate filtered off, and 
the filtrate evaporated so as to cause the greater part of the sulphate of sodium con- 
tained in it to crystallise out ; the addition of potash to the concentrated solution of 
sulphate of cotarnine then produces a brown granular precipitate of impure cotarnine^ 
which is purified by solution in liydrocbloric acid, treatment with animal charcoal, 
and rcprecipitation by potash. Or, chloride of mercury or dichloridc of platinum is 
ad<l('d to the solution freed from manganese, whereby a precipitate of chlororaercurato 
or chloroplatinate is obtained, which is washed, suspended in hot water, and de- 
composed with sulphydric acid; the filtrate is then mixed with excess of baryta- 
water and evaporated to dryness, and the cotarnine is dissolved out of the residue by 
alcohol. (Wohler.) 

2. Narcotinc is boiled with an excess of dichlorkle of platinum and dilute hydro- 
chloric acid. Bed prismatic crystals of chloroplatinate of cotarnine are thus obtained. 
(Blyth.) 

3. Anderson recommends, for the preparation of cotarnine, to act upon narcotine 
with dilute nitric acid pt. narcotine, 3 pts. nitric acid of specific gravity 1*4, and 8 
pts. water) at 49° C. The liquid separated from the teropiammone {q, v.) which is thus 
formed, gives a crystalline precipitate of cotarnine on the addition of potash. 

4. Narcotine treated as in the first method, acid chromate of potassium being how- 
ever used in place of peroxide of manganese, yields cotarnine in a state of great purity, 
(Matthiessen and Foster.) 

The formation of cotarnine from narcotine takes place according to the equation : 
C”H?®NO" + 0 » C»*H>»NO* + 

Narcotinc Cotarnine. Opianic ncld. 

, • (Matthiessen and Foster.) 

■ ' - 

Troperties, — Cotarnine forms small, colourless, needle-shaped crystals, ^uped^ in 
stars. It is only slightly soluble in cold water, but somewhat more so in boiling 
water ; alcohol dissolves it, forming a brownish solution, from which it cannot be ob- 
tained crystallised ; it dissolves easily in ether and in ammonia ; it is almost insoluble in 
caustic potash. . It melts at 100° C., and loses 1 at. of water of crystallisation ; at a 
higher temperature it is charred, and produces a disagreeable smell Cotarniue has 
a bitter taste and faintly alkaline reaction. 

Crystallised cotarnine contains ; 



Calculated. 

Blyth. 

MAtth. and Foster. 

c« ^ 

. 144 . 

. 60-76 . 

. 61*41 . 

. 60-84 . . 60-66 

H** . 

. 16 . 

. 6-33 . 

. 6-36 . 

. 6-63. . . 6-«0 

N . 

. 14 . 

. 6-91 . 

. 6*62 . 

. 6-83 . . 6-81 

0‘ . 

• 64 • 

• 27*00 




237 . 

.100-00 
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^tmriune dried at 100*^ contains : 



CalcutaU'd. 

Blyth. 

C»’ . 

. 144 . 

. 65*75 . 

. 66*95 

H» . 

. 13 . 

. 6*94 . 

. 6*39 

. N . 

. 14 . 

. 6*39 


0» . 

. 48 . 

. 21*92 



. 219 . 

. 100*00 


Water of crystallisation : 





Calenlatcd. 

Blyth. 

c«h»»no* . . 

219 . 

. 92*41 


H^O . . . . 

18 . 

. 7*69 . . 

7*61 . . 


237 . 

. 10000 



Tlie formula originally proposed for cotarnine by Wohler, was Blyth 

gave its formula as Gerliardt (Prw‘is de Chimie Orgaiiique, 1846, ii. 298] 

adopted the expression ( = C’^‘7/'W0"); Wertheim (Wien. Acad. Ber. vi< 

111), believing in the existence of several homologous varieties of cotarnine, gave the 
formula C*'^H*^N()* ( = 0‘^IP‘^NCP) for what he called methyUvotarn hie ; M a t tli i e s a e n 
and Foster regard cotarnine as always ofthe same composition, and represent it by the 

formula CIl^ ^ that is, as meihyl-cotarnimide, (See Cotaknic 

Acm.) 

Tho aqueous solution of coturnine precipitates ferrous and cupric salts ; it gives 
no coloration with ferric salts (Blyth). It is also precipitated by tannin. ( W (> h 1 e r.] 

l)ecomposition$. — 1. Nitric acid dissolves cotamine with red colour, and, if heated, 
oxidises it, forming oxalic acid, and afterwards apophyllic aeid, (y^. * 1 ;,) (Wohler, 
Anderson, Matthiessen and Foster.) Very dilute nitric acid, gently heated 
with cotarnino sometimes produces cotarnic acid, and methylaminc: 

C'sn'^NO* + 2IPO - c’'n»'w + ncip. 

Cotarnine. Cotarnic acid. MetliyUnninc. 

(Matthiessen and Foster.) 

2. Heated with hydrochloric, hydriodic, or dilute mlphuric acid to C., in a 
pealed tube, it yields chloride or iodide of methyl, or methyl-sulphuric acid, and cotar* 
namic acid, C"II'*NO^ (p. 88). 

Civn>8NO« + H^O + HCl = C”n'=’NO« + CH’Cl 

Cotarnine. Cotarnainic acid. Chloride of 

methyl 

(Matthiessen and Foster.) 

8 . iodide of 100° C. it yields hydriodate of cotarnine, but no ethylised 

derivative. (How, Ed. Phil Trans, vol. xxL; Ann. Ch.Phurm. xcii.) 

Salts of Cotarnine. Tho salts of cotarnine are for the most part very soluble; 
they are obtained directly, by solution of the base in dilute acids. 

Hydrochl orate of Cotarnine, C'^II*''NO=*.HCl ( + 2|H*0?), is obtained by evaporat- 
iilg its aqueous solution, in the form of long silky crystals, which are very soluble in 
water. It loses 14*88 per cent, of water at 100*^ (Blyth): the above formula cor- 
responds to 14*97 per cent. Dried at 100® C. it eontains, according to Blyth’s nnalysif^, 
67*39 per cent carbon and 5*73 hydrogen; the formula C'HI^^NO^.HOl requires 56-3G 
per cent. C, and 6*48 II. 

CUrkoplatinate of Cotarnine, 2(C'2H”NO» HCl).PtCP.— This salt form.s, when 
precipitated in the cold, a lemon-yellow, crystalline precipitate, resembling chloro- 
platinate of ammonium ; when hot solutions of hydrochlorato of cotarnine and tetra- 
chloride of platinum are mixed together, the double salt separates as tho mixture 
^18, in small, round, transparoiit nodules, of a reddish -yellow colour (Wohler). It 
is obtained in the form of large, dark-red, six-sidod prisms, by boiling a solution of 
narcotino in hydrochloric acid with an excess of tetrachloride of pladnum (B lyth). 
This salt is very slightly soluble in cold water, but somewhat more so in hot water; 
Jt appears, however, to be altered by repeated solution in hot water. It can be boiled 
with ammonia without undergoing decomposition. Boiled witH Wyta-water, it ia 
decomposed, and metallic platinum is precipitated. * 

It contains : 
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CalcuMeio 


Wohler. 


Blyth. 


Mftttb. and Foster. 


C‘* 

jps 

vt 

Cl« 


288 

33-84 

34*9 

34-2 

34*4 

860 

28 

3 29 

3-2 

3-6 

3-3 

3-6 

28 

3-29 

4-4 




96 

11-28 





198 

23-27 

230 

22-6 

22-9 

23-0 

213-0 

26-03 

24 1 





23-3 ’ 23*1 


23*2 


861-0 100-00 


Blvth dried the salt for aTial 3 ’ai 8 at 100°; Matthiessen and Foster at the ordinary 
temperature, over sulphuric acid in vacuo; they could not obtain constant results with 

the wltdri^nt 100°. . . 

It sometimes happens that the treatment of narcotino with totrcaehloride of platinum 
cives rise to another chloroplatinato, which crystallises in long, bright, orange-yellow 
needles. This salt, which JRlyth supposed to contain a peculiar alkaloid, which he 
named narcoqenine^ is decomposed when boiled with ammonia, into nar- 

cotine and cotarnine, and is probably a double chloroplatinato of those two bases. 
Blyth’fl analytical results accord nearly with those required by the formula 

2(C>nF®NOMrCl).PtCF) 

2(C--II*®lSOMlCl).rtCl^ \ 


Chloraurate of Cotarnine has a beautiful dark red colour. 

ChloromercuraU of Cotarnine, C‘''*H'*NO*.liCl.IIg''CF, forms a pale yellow precipi- 
tate, which gradually becomes ciy^stalline. It is not precipitated from rather dilute 
warm solutions, but is deposited on cooling, in small pale yellow prisms. It appears 
to suffer decomposition by repeated crystallisation. It contains : 





Calculated. 

1 

Wohler. 

Nitrogen . 

• 

• 

14 2-66 

2*6 

Mercury . 

• 

# 

* 200 37-98 

37-95 

Chlorine , 

• 


• 106'6 20-23 

20-68 


COTTOW- The filamentous matter attached to the seeds of various species of 
Goffur/pinni, a genus of plants belonging to the Malvaceons order. It consists of 
liaii-s springing from the surface of tho sced-coat, and filling up the cavity of the 
seed-vessel in wliich the seeds lie. Those hairs are long weak tubes, which, when im- 
mersed in water and examined under tho microscope by transmitted liglit, look like 
fiat, narrow, transparent ribands, entirely distinct from ouch other, and with a 
perfectly even surface and uniform breadth, rarely jointed, and if so, having the 
articulations perpendicular to the length of the tube. The individual tubes are veiy 
weak and fragile, and it is only when many are twisted together, that they acquire 
any appreciable degree of strength. Linen, on the other hand, consists of woody tissue, 
in the shape of long thick-sided tubes, adhering in bundles, the articulations being 
always oblique, and the ends of the tubes pointed and overlying each other; moreover, 
the individual tubes are much stronger than those of cotton. In short, cotton is a 
development of the parenchymatous tissue, which is the weakest among the elementaiy 
organs of a plant: linen, of tho woody tissue, which is the strongest: hence the well- 
known superiority of linen to cotton in strength. 

Cotton fibre consists of nearly pure cellulose associated with only 1 to 1| per cent, 
of inorganic matter. Tho following table exhibits tho composition of cotton (after 
deduction of the ash), as compared with that of pure cellulose 

Analyses of Cotton, 



Glad.stone* 

Itansome. 

.Schmidt 
and licckcr. 

Petten- 

korer. 


Calculation. 

Carbon . 

. 44-37 

44*20 

43*27 

44-5 

c- 


. 44-44 

Hydrogen 

. 7-24 

7-04 

6-30 

6*1 

H»o 

, 

. 6-17 

Oxygen , 

. 48*39 

48*70 

60-43 

49-4 

0* 

• 

. 49-39 


ibo-oo 

100*00 

100*00 

100-00 



100-00 


Cotton (and linen) may be distinguished from silk and wool by their behaviour 
yith sulphuric and with nitric acids. Silk and wool are turned yellow by immersion 
JU strong nitric acid, whereas cott on and linen remain colourless. When woollen tissues 
containing cotton or linen are immersed for a quarter of an hour in sulphuric acid, the 
cotton and linen first swell to a pasty mass, and afterwards dissolve, while the animal 
fibres remain unaltered. (Bdttger, J. pr. Chem. Ixxiii. 498.) 

Cotton dissolves in sulphuric acid more quickly than linen ; hence it may be detected 
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in linen by the following method. The tissue, after being repeatedly washed with 
rain-water, boil^ witli w'ater, and dried, is dipped for J to 2 minutes in oil of vitriol, 
then carefhlly pressed under water with the fingers, washed with water, immersed for 
a few seconds in aqueous ammonia, carbonate of potassium, or carijonate of sodium, 
again washed with water, and dried between filtering paper. By this treatment, thd 
cotton fibres are dissolved, while the linen fibres are merely rendered thinner and 
more translucent, according to the dui*ation of the experiment ; after a short Immersion 
the cotton fibres appear transparent, while the linen fibres remain white and opaque. 

Another distinction hetween cotton and linen is that the lattiT acquires a deep 
yellow colour by boiling with water containing its owm weight of hydrate of potassium, 
whereas cotton is little or not at all coloured by the same treatment. (Gm, xv. 140.) 

Cotton cloth (calico), immersed for 10 — 30 minutes in synipy potash-in/, and then 
washed wdth alcohol of specific gravity^ 0*825, contracts by *ifteT drying, and contains 
14*72 per cent, potash, corresjionding to the formula which requires 

14*59 per cent. K*0 (Glad stone, Chem. Soc. Qu. J. v. 17). Calico immersed in 
%oda-hy of specific gravity 1*342 and treated in a similar manner, shrinks in drying 
by j, and contains 9*68 per cent, soda (40'‘H'®0*.Na*0 9*G6 per cent.). Unwoven 

cotton forms a similar compound ; longer immersion or the use of a stronger solution 
appears to produce partial solution and decomposition. Cotton also unites with soda 
in other proportions, Imt never with a larger quantity than that contained in tlie com- 
pound just mentioned. Water alistracts all the soda from the compounds, and loaves 
a shrunken tissue which takes more brilliant colours in dyeing than ordinary calico. 
(Gladstone, loc. cit. See also Mercer. Rep. Pat. Inv. 1851, p. 358 ; Gm. xv. 141.) 

Cotton immersed in solutions of ahmiov amtate of aluminium^ does not separate any 
alumina ; but if the solution of acetate of aluminium, ferric acetate, or any other salt 
containing a volatile acid be left to dry on the cotton, the acid volatilises after 
a while, and the base is so firmly fixed on the cotton, though only mechanically, that 
it cannot be removed by washing with water (Walter Crum, Ann. Ch. Pharm. 
Iv. 223, Compt. rend, xlvii. 961). If the cloth after this treatment bo immersed in a 
coloured solution, such as that of logwood or indigo, the colouring matter forms an 
insoluble conqiouud with the base, andtlius becomes permanently fixed upon the cotton 
fibre ; whereas, if the cloth w'ero merely dipped in the coloured infusion without being 
previously treated with tlie metallic salt, or mordant, the colour imparted to it would 
pe immediately removed by immersion in water: cotton, flax, hemp, and other 
TCgetable fibres do not, like wool and silk, exert any specific attractive power on the 
eolouiiDg matters mixed with mordants. (8oe Dykin(3.) 

Cnltnre of Cotton. — Professor Mallet of Alabama has lately pnblislied the com- 
mencement of an elaborate investigation of the chemical and physical conditions of the 
cultivation of cotton (Proc, Roy. Soc, xi. 340), from which the following general con- 
clusions are drawn. 

The annual cotton plant, as cnltivated in America, attains its principal growth during 
four months, though it continues to develope seed and fibre for a much longer period. 

It requires a very finely divided soil through which its rootlets can penetrate' with 
fadlity ; the average mass of soil interpenetrated by the roots of each plant is about 5 
eanlc feet. 

Cotton is not an exhaustive crop, inasmucli as the great mass of the plant — root, 
stem, branches, leaves, and emptied boles — remains upon the field and is ploughed 
into the soil, and nothing is removed but the fibre and the seed ; and the greater pint 
of the latter is also returned to the soil, the seed being thickly strewn by handfulls in 
a continuous row, from which the plants .are afterwards thinned. The cotton fibre, 
which constitutes tlie saleable product, and is absolutely carried off the land, may be 
looked upon as a very light crop ; a bale of 400 to 500 lbs to the acre is sometimes 
obtained under favourable circumstances, but this is much above the average for 
upland cotton. « The fibre yields from 1 to 1*5 per cent, of ash, so that at the most, 
7^ lbs. of mineral matter will be removed annually, which is not half as much as is 
removed by a crop of wheat of 25 bushels to the aero in the grain alone, and less than 
^ the amount removed by an average crop of potatoes. Sometimes, however, a con- 
siderable portion of the seed is removed from the plantation to be used for the ex- 
traction of oil, the cake which remains being exported to Europe for cattle-food. This 
practice tends greatly to the exhaustion of the cotton soil. 

Cotton is decidedly a sun-plant, requiring a high summer temperature and plenty 
of sunshine. A moderate supply of rain is advantageous in the early stage of growth, 
but heavy rains are injurious even in that stage, and later in the season they are 
absolutely destructive. A wator-soaked soil is decidedly unfavourable, the tap-root 
not striking down in such soil, and tlie plant looking small and sickly, and bearing but 
.little cotton. The soil most favourable for cotton cultivation is a finely divided soil 
capable of absorbing a considerable quantity of aqueous vapour from the atmosphere 
and retaining it in a state of adhesion or of chemical combination, so as not to rcndei' 
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the soil moist to the touch. Such a soil enables the plant to withstand vicissitudes of 
weather and season, storing up hygroscopic moisture in damp seasons, and yielding a 
irradual supply of it^to the roots in the latter stage of tlie growth when seed and fibre 
are forming. Another essential condition of the soil Is the jiowor of gradually alworb- 
ing and yielding a considerable quantity of gases, especially ammonia, and of mineral 
matter withdrawn from solution. 

ijl these conditions are fulfilled iu a high degree by the soil of the prairie region of 
Central Alabama, which is a stiff aluminous clay, containing a moderate amount of 
organic matter and of the mineral substances needed by the [dant as food ^ of greiit 
uniformity, and in an exceedingly fine state of division ; above, all, possessing a very 
hitdi capacity for absorbing and retaining heat, moisture, gases, and soluble mineral 
matter. It was found to be capable of condensing 62 times its own volume of ammonia 
gjjs, and the subsoil, which is calcareous, was found to absorb 64 times its oitm 
volume of the same gas. 

COTinMTNXTXS. Native chloride of lead, PbCP.found in the crater of Vesuvius 
after the eruption of 1822, in acicular crystals of the trimetric system, and capillary 
masses, white, having a strong lustre, of specific gravity 6'238, and soft enough to be 
scratched by the nail . 

COtrMASAMZVS. C’H’NO- = Produced by the action of 

ferrous acetate (iron filings and dilute acetic acid) on nitroeoiimarin. The reaction 
must 1)0 continued for twenty-four houi-s, and thefilfr.ite concentrated by evaporation ; 
it then, on cooling, d<>jio.sits coiimarin in fine yellowish needless, often several centi- 
metres long. It is nearly insoluble in cold water and in ether, but dissolves readily in 
boiling water or alcohol. A saturated solution of ferrous acetate appears to dissolve it 
more readily than cold water. It melts between 168° and 170"^ C., and if cautiously 
raised to a liigher temperature, sublimes without decomposition in pale yellow scales. 
It is rapidly decomposed by boiling potash; the liquid saturated with an acid deposits 
brown Hakes. 

Connmramine unites with acids, forming soluble salts, from which ammonia preci- 
pitates tile base in a crystalline mass. The hydrocMoratc forms scales very soluble in 
watf 5 r. The chloroplatiuate, 2(C"ll’NO*.II(’ll).Ptrp, is a yellow crystalline pre- 
cipitate insoluble in water. (Chiozza and Prapolli, Ann. Ch. Pharm. xcv. 262.) 

COVMARXC ACXD. (/'IPO'* coumarin + 1 at. water. (De- 

lalandc, Ann. Ch. Phys. [8] vi. 848.-* Jllei l)trcu, Ann. Ch. Pharm. lix. 177.)'^Pre- 
jiarcd by boiling coumarin with strong potash-icy, adiling solid potash if necessary, 
and [)reeipitating by hydrochloric acid. Crystallises in colourless brilliant lalnincT, 
having a bitter taste, and soluble in water, alcohol, and ether. It melts at 190® C., 
and at a liigher teinjicrature decomposes partially, yielding a cty'stallino sublimate, and 
leaving a brown residue. Py distillation it yield.s an oil, which reddens ferric salts 
and appears to unite with potash. Coumaric acid, when pure, docs not impart any 
violet colour to ferric salts. When melted with potash it gives off hydrogen, and 
yields salicylate and apparently also acetate of potassium : 

C^lPO^* + 2KnO = CWKO® 4. CWIvO^ + 

Coumaric Salicylate of Acetate of 

acid. puLsissium. potassium. 

Coumaric acid decomposes carbonates. The formula of the coumarates is C^IPO^.M. 
CoumaraU of ammonium does not precipitate barium-salts. Coumaratc of lead is a 
white precipitate, pulverulent, and insoluble in water. Coumarate of silver is a light 
yellow pulverulent precipitate, or if formed in presence of ammonia, orange-coloured 
and flocculont. 

COITMARXKr. CIPO^ or ((xuibourt, Hhtoire des Brogues simples. 

— I^oullay and Boutroii-Chaillard, J, Pharm. xi. 480. — Dolalande, Ann. Ch. 
I'liys. [3] vi.348.—Pleibtreu, Anii.Ch. Pharm. lix. 177. Om. xiii. 321.)— -This sub- 
stance exists in considerabhi quantity in Tonka beans, the fruit of Coumaruma odoraia^ 
or Bipteryx odorata^ being found in small white crystals between the seed coating and 
tile kernel. It is also found in w'oodruff’ {Asjyerula odorata), in Mdilotus officinalis, in 
the flowers of sweet-scented vernal grass {Anthoxanihum odoratuni), iu the leaves of 
haham, an orchidaceous plant {Angnecu m. fragans), in the leaves of Orchis ftisca (Bley), 
*tnd in the dried loaves of Liastris odoratmima, a composite plant growing in the 
Bouthem parts of North America (Procter, Rep. Chim. app. 1861, p. 148). In souia 
®t’ these plants, the coumarin was originally mistaken for benzoic acid. 

Coumarin is easily extracted from Tonka beans by digesting them in strong alcohol. 
On evaporating the alcohol, a crystalline magma of coumarin is obtain©^ which raav 
bo decolorised and freed from a quantity of adhering oil by moans of animal charcoal. 

Coumarin is colourless ; it crystallises sometimes in small rectangular plates, some* 
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times in large prisms belonging to the trimctric system, oo P . P oo, with oo P « 
predominant. Inclination of tlm faces oo P oo : P oo « 100® (nearly), oo P : P oo =* 
104*5 (nearly), a : 6 : o = 0*364 : 1 : 1*036. It melts at 60® C., and'boils at 270® with- 
out sensible alteration ; has an agreeable aromatic odour, and a burning taste ; the 
vapour acts very strongly on the brain. 

Ooumarin is nearly insoluble in cold water, but boiling water dissolves it abun* 
dantly, and deposits it on cooling in very slender needles. It dissolves without altera- 
tion in diluJ^l^i^dB. Strong sulphuric acid chars it immediately. Strong nitric acid 
converts it \u1lx>iiitrocoumarin^ and, after long boiling, into picTic acid. Heated with 
excess of yields salicylic acid and couinaric acid, C®H"0®. Chlorine and bro- 

mine form crystalline compounds with coumarin ; iodine converts it into a bronze-green 
crystalline substance. With pentiuhloride of antimony ^ coumaria forms a crystalline 
GOiiipouiid containing OTl®0-.SbCl* 

hJitrocoumarin. C"1P(N0*)0*. — Obtained by projecting coumarin by small por- 
tions at a time into cold fuming nitric acid, and precipitating with a large quantity oi 
water. It is then de|X)sitcd as a snow-white flocculent mass. It dissolves in boiling 
water, alcohol, and ether, and crystallises from the solution in small white silky 
needles. Melbs at 170® C., and sublimes undecomposed at a high temperature in 
nacreous crystals. Votash colours it deep red and dissolves it. Acids added to the 
solution throw down unaltered nitrocouinarin. It dissolves in ammonia ; the solution 
when boiled evolves ammonia, and on cooling deposits part of the nitrocoumarin in 
white crystals, not containing ammonia (Bleibtreu). Ferrous aedate converts nitro- 
coumarin into coumaramiiie. (Frapolli and CJiiozza, p. 194.) 

The ammoniacal solution of nitrocoumarin, freed from excess of ammonia by boiling, 
and filtered, forms, witli aedate of had, an orange-yellow precipitate, 2C®IP(NO''')0“ 
3PbO, soluble in a large quantity of water, less soluble in alcohol, insoluble in ether, 
deconiposcd by acids. With nitrate of silver, in like manner, a beautiful orange-coloured 
precipitiite, C*lI*(NO“)()'^.jig-(), is ohtiLinod, which explodes when heated. (H I ei h tr eu.] 

COVKBikRZXi RSSnr. A name soinetimos given to West Indian anim6 resin, 
obtained from the Hymcnaa Courbaril. (See i. 296.) 


COVZBRiWZXZSa A silicato found in the noiglil>ourhood of Couzeriin in the 
Pyrenees. It contains 62*37 per cent. SiO'*^, 24*02 APO*, 11*85 CaO, 1*40 MgO, 5*52 
K^'O, and 3*96 (J) uf re ii oy), which is nearly the composition of dipyro {q. v.) Ac- 

cording to I)ufrenoy% the crystals belong to the monoclinic system, whence he refers it 
to Labradorite ; but, uccoixling to it, P. Hrey, jun., tliey are dimctric, Like those of 
dipyre, which mineral is also found in the same locality. Specific gravity — 2*69. 
Hardness = 6*0, or rather above. Colour black to grey. Lustre waxy. Opaque, 
Melts to a white enamel before the blowpipe. Insoluble in acids. (Uandw. d. Chem. 
ii. [3] 220.— Dana, ii. 200.) 

COVBZiXiZlBr. Native protosulphido of Copper. See Copper, Sulphides of (ii. 74), 

CRfkXTOXrZTE. See Cicicu’roNiTE. 

CILAJMLBE MCARZTZIMIAa Sea Kale , — A cruciferous plant, the young sprouts of 
which contain, according to T. J. Herapath (Chem. Soc. Qu. J. ii. 4), in the fresh 
state 0*71, in the dry state 9*9 per cent. ash; the leaves 1*7 per cent, in the fresh, and 
16*7 per cent, in the dry state. The composition of the ash is as follows : — 


Soluble in water 


Insoluble in water 


CO- SO’* 

J Sprouts • 4*2 21*8 
) Leaves . 6*9 16*1 

CaCO- MgO» GaSO* 
Sprouts 3*6 trace trace 
Leaves 27*2 trace 1*6 



K'O 

Na’^O 

NaCl 

6*1 

6*7 

23*6 

trace 

trace 

2*1 

20*8 

12*1 

Mg’P^O" phorptte. 

30*7 

traco 

trace 

4*2 

13*1 

trace 

1*6 

0*1 


CRATJBGZir. A non-azotised bitter principle, obtained from the fresh branch- 
y>Hrk of the white-thorn ( CraUryus oxyaca7itha). It crystallises in greyisli-white no- 
dules, like grape-sugar, has a * bitter' taste, dissolves easily in water, less easily in 
alcohol, not at all in ether, and does not combine either with acids or with ftllrfllia. 
(Leroy, J. Chim. M6d. xvii. 3.) 

CRATZM'ZZrs. Gmelin’s name for C&eatinine (g^. tf,) 

ORAintZTS. See Dufreynits. 

CRBAM. The fatty portion of milk, which rises to the surface when fresh milk 
is left at rest for twenty-four hours. Berzelius found in 100 pts. of cream from cow's 
milk, 4*6 pts. of butter, 3*6 casein, and 92*0 serum. 

O RMAM or TARTiLR. Acid tartrate of potassium (see Tabtaric Aom). 
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CMATIWH. C^II®N*0^ or (yiPN*OK '(Clievreul, J. I*harm. xxL 234; Pet- 
tenkofer, Ann. Ch. Pbarin. lii, 07; Liebig, Ann. Cb. Phami. Ixii. 282; Heintz, 
Aii^ Ixii. 602; Jxx. 460; Ixxiii. 606; Ixxiy. 126; Couipt. rend, xxiv. 500; 
(j iNMiory, Chem. Soc. Qu. J. i. 25; Dessaignes, Corapt. rend, xxxviii. 839; xli. 
1>,58 ; Arm. Ch. Pharm. xcvii, 330; J. Pharm. [3] xxxii. 41 ; Cm. x. 249; Gerh. 
iisO; iii. 039; 893.) — Anorganic base discovered in 1835 by Chevreul in the 

iuicc of flesh; more minutely examined by Liebig in 1847. 

Sources . — In tlio muscular flesh of mammalia, bii’ds, amphibia, and fishes. Loan 
horseflesh contains 0*070, and the flesh of poultry 0*35 per cent, eftifeatine. That 
of tlie marten yields less than that of poultry, but more than that of other quadrupeds : 
utter liorae-flcsh follow, in decreasing series, the flesh of tlie fox, r^-buck, stag, 
iiiire, ox, sheep, pig, calf, and pike. Pat animals yield much less creatine than lean 
tuics ; i' ' a fox fattened on meat, for 100 days, yields only as much as one that 
lias bVcii" killed in the chase (Liebig). Pullock’s heart yiedds 0*142; the flesh of 
poultry 0*321; that of the pigeon 0*083, that of cod 0*170; and that of the ray 
O GI per cent. (Gregory). Human flesh yields 0*067 per cent. ; that of the alligator 
likewise contains creatine (Schlossberger, Ann. Ch. Pharm. Jxvi. 80; xlix. 344). 
The flesh of the llorqual whale {BaUe-mftcra mnsciclns) likewise yields a small quan- 
lity of creatine. (I). Price, Chem. Soe. Qu. J. iii. 229.) 

Stiideler, has obtained creatine from the flesh of the dog, pigeon, Splnox acmiihus^ 
and Vdromyzon jhmatilU (J. pr. Clioiii. Ixxii. 256). Creatino is likewise found, toge- 
ther Avitli creatinine, in urine ; together with creatinine andseroliiio in blood (Verdeil 
Hiid Marcet, J. Pharm. [3] xx. 89); and, together with urea, in the brain of pigeons 
and of dog.s. (Stiideler.) 

It is not yet decided whether creatine exists, a,s such, in the living animal body, or 
wliether it is formed from creatinine existing therein, by the process of preparation, 
(Tealine and creatinine differ in composition only by the elements of water, and are 
(‘.isily converted one into the other, — creatine into creatinine under the influence of 
acids, creatinine into creatine, by the action of alkalis, the action in either case being 
accelerated by heat. Now, in preparing creatine (dtlicr from flesh-juice or from urine, 
the u.sual process is to neutralise M'ith an alkali, and concentrate the liquid by heat; 
l»v this process tlio creatinine existing in the original liquid is sure to bo converted 
jiiirtly, if not wholly, into creatine, and it i.s po.ssil)le that the whole of the creatino 
actually obtained may be produced in this way; for there is no simple reaction by 
which creatint! can be detected in the original liquid, in presence of creatinine. From 
the experiments of Hessaignos (J, Pharm, [3] xxxii. 41), it appears that Imman urine 
yields morecreatinineand less creatine tlie more quickly tlte process of separation is con- 
ducted. Li e b i g (Ann. Ch. Pharm. cviii. 334) found that the fresh urine of a dog which 
had been fed on meat for some week.s, yielded, when mixed with milk of lime and 
immediately evaporated, a considerable quantity of creatinine but no creatine, but if 
left to stand for six weeks before evaporation, it yielded creatine without creatinine. 
In this case the creatine evidently resulted from the decomposition of the creatinine. 
Dessaignes is of opinion that the creatine of mmscular flesh is likewise produced by the 
decomposition of creatinine. 

Preparation. 1. Front muscular Jlesh. — a. The aqueous extract of beef is evapo- 
rated in vacuo; tlio residue exhausted with alcohol, and tho alcohol evaporated till 
the creatine crystallises out, Tho greater portion remains, however, in the mothor- 
liquor, being prevented from crystallising by the pre.sence of foreign bodies (Chevreul). 
In a similar manner, Schlossberger oldained creatine from the flesh of tho alligator 
and piirifled the crystals by washing with cold alcohoL 

b. The fresh lean muscular flesh of mammalia or birds, is freed as much us possible 
from fat (which would stop up tho press-laig wdion tJio meat is subjected to pressure), 
and chopped up fine ; 5 lbs. of it are then well kneaded with an equal weight of water ; 
the liquid is well pressed out in a coarse linen bag ; the residue twice treated with water 
in a similar manner; 6 lbs, of muscular flesh kneaded topther with tho expressed 
liquid ; tho residue kneaded witli the third expressed liquid, and then after pressure 
with 5 lbs, of pure water; and the united liquids are strained through a cloth. The 
rt'.snlting reddish liquid, wliitdi reddens litmus, is kept at 100'^ C., in a large glass 
flask over tho water-bath, till the albumin and blood-red have completely separated 
in the form of a coagulum, and a sample of the liquid remains clear when boiled. 

To decolorise tho liquid obtained from some kinds of meat, it must bo heated in a 
basin till it froths up. The liquid is then strained, first through linen, the coagulum 
being pressed out, then tlirough paper.* Tho flitrato is then mixed with saturated 

• The filtrate obtained from the fle*h of the ox, roebuck, hare, or fox, which contains a large quantity 
or blond, retains a reddish tint ; that from veal, poultry, or pike is nearly colourless ; game and poultry 
}H‘jd a nearly transparent filtrate, which is very favourable to theobtaining ofrreailnc; horse-fitrsh and coa 
fluid a turind filtrate. If the filtrate were evapotaced alone, even beluw lOU^, it would become coloured 
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baryta-wat^r, the addition of that liquid being continued, even after the filtrate baa 
been rendered neutral or alkaline it, as long as a precipitate of phosphate of barium 
and phosphate of magnesium continues to form; the filtrate evaporat^^ in a shallow 
basin over the water-bath to A ; and the thickish residue set aside, first in a warm 
place to evaporate further, and then, after crystallisation hae commenced, in the Cold,* 
The needles thus obtained are separated from the mother-liquor by filtration, wa.shed 
first with water, then with alcohol, and dissolved in boiling water ; and the solution, 
if coloured, digested with a small quantity of blood-eharcoal, then filtered and left to 
cool, whereupon it yields pure crystals of creatine (Liebig). If a suflScient quantity 
of baryta-water has. not been added, the crystals will be contaminated with phosphate 
of magnesium. In that case, the hot aqueous solution must be boiled with a small 
quantity of hydrated oxide of lead; digested, after filtration, with blood-charcoal, 
which removes the last traces of lead; and the filtrate again left to crystallise. 
(Liebig.) 

c. The cliopped flesh of pike, when boiled with water, swells np to a gummy mass, 
from which the liquid c,iinnot bo expressed. A mixture of the chopped flesh with 
water must therefore be thrown upon a funnel ; small quantities of water allowed to run 
gradually through; and the slightly turbid, acid liquid, which smells and tastes offish, 
separated from the soft, white coagulum, precipitated with baryta-water, then filtered 
and evaporated. It forms on cooling a colourless jelly, in which, in the course of 24 
hours, crystals of creatine begin to form. (Liebig.) 

The extract of the flesh of poultry or pigeons deposits brown flakes, together with 
the creatine crystals ; — the flesli of bullock’s heart often yields but few of the purer 
crystals, hut a considerable quantity of brown flakes, from which boiling water extracts 
a large additional quantity of creatine. From skate and cod the juice may be easily 
expressed, after the flesh has been mixed with rather more than equal quantity of 
water; the jelly ultimately obtained from it, in which the creatine-crystals form, 
dissolves readily in cold water, and deposits more crystals : the flesh of cod yields the 
whitest creatine. From the syrupy mother-liquors of crudo creatine, cliloride of zinc 
does not form any zincochloride of creatinine, or only a trace ; but the mother-liquors 
obtained in the recrystallisation of crude creatine yield this precipitate on addition of 
chloride of zinc. (G regory.) 

d. Chopped flesh mixed with coarsely pounded glass, is digested with IJ times 
its volume of alcohol at a gentle heat; the liquid is then pressed out and distilled, the 
residue treated with basic acetate of lead, the excess of load separated by sulphydric 
acid, and the clear liquid evaporated to a syrup. On cooling, creatine crystallises out; 
and after some days the crystalline mass is spread out on unsized paper to absorb the 
mother-liquor ; after which the creatine is dissolved in hot water or alcohol, and re- 
crystallised. (Stiideler, J. pr. Chem. Ixxii. 256.) 

2. From Zinco-chloride of Creatinine. — a. The solution of this compound in boiling 
water is digested with hydrated oxide of lead, till it acquires a strong alkaline reaction ; 
filtered from the oxide of zinc and oxychloride of load ; digested with a little blood- 
charcoal, which removes the small remaining quantity of lead, together with fibrin ; 
the filtrate evaporated to dryness; and the rtmiaining mixture of creatine and creati- 
nine, treated with an eightfold quantity of boiling alcohol to dissolve out the latter: 
the alcohol, on cooling, likewise deposits crystals of creatine, which are mlded to the 
nudissolved residue of creatine, and the whole is purified by recrystallisation. (The 
alcohol filtered after cooling deposits creatinine: Liebig.) — b. The boiling aqueous 
solution of the zinc-compound is treated with baryta- water, wliich precipitates zinc- 
oxide, together wit!) the greater part of the adhering fibrin; carbonic acid gas is 
passed through the filtrate ; the liquid again filtered to separate carbonate of barium ; 
the filtrate evaporated to dryness in vacuo ; the residue exhausted with alcohol ; the 
baryta which has been taken up by the alcohol as chloride of barium, precipitate by 
aiilphuric acid; the liquid again filtered, boiled with oxide of lead, treated with 
absolute alcohol to precipitate all the chloride of lead, and filtered from chloride and 
sulphate of lead ; any lead that may yet remain dissolved is removed by sulphuretted 
hvOTOgen; and the filtrate is evaporated to dryness over the water-bath (Pettenkofer). 
lie residue thus obtained contains creatinine as well as creatine (Liebig). — c. The 
boiling aqueous solution of the zinc-compound is mixed with ammonia till if begins to 

in consequence of the presence of free acid, which would decompose the creatine, and leave a dark-brown 
syrup, having the odour of ruasl^meat, which would yield but a very small quantity of creatine, even after 
long standing. This appears to be the reason why Berseliu s (Jahresber. viii. 689) aitd Fr. Simon 
(K. Br. Arch. xxvi. 283} did not succeed in preparing creatine. 

* The filtrate hroni poultry remains clear when evaporated, and becomes covered with a film of carbo- 
nate of barium if too much cuiryta-water has been added x that from beef becomes covered, when concen- 
trated to a thin syrup, with a mucous scum which iwells up in watiT, but is insoluble and must be 
removed ; and that from veal or horte-flesh with films which are continually renewed, and must be cos- 
tinually skimmed ofll 
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flhow turbidity, and then precipitated with sulphide of ammonfuni ; the filtrate eva* 
porated to a email bulk, and mixed with absolute alcohol ; and the crystals of creatine, 
-vvljich separate from the liquid after long standing in the cold, are purified bv recrystal- 
lisation from water (Heintz). The creatinine remains in the alcoholic mothcr- 
li(jiior. 

The crystals of creatine obtained by either of these processes may be fi^d from 
water of ciystallisation by heating them to 100®C, (Liebig.) 

l*roperties . — Anhydrous creatine forms a white opaque mass (Liehig), It is in- 
o«lorous, has a somewhat hitter taste, and produces a scratching sensation in the 
throat (Liebig). Neutral to yegetable colours. (Chorrcul.) 

The composition of creatine dried at 100° C. is as follows : — 


CatcKlation, Analysts. 
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LicMg. 

a. 

Liebig. 

h» 

Hetntx. 

c. 

. 

. 48 

36*64 

36*66 

36*90 

36*39 

. 

• 9 

6*87 

6*98 

7*07 

6*86 

N* . 

. 42 

32*06 

32*16 

3261 

31*64 

0'^ . 

. 32 

24'43 

24*23 

23*42 

25*11 

C^K»N»0* 

. 131 

100*00 

100*00 

100*00 

100*00 


a was obtained from meat; 5, from zinco-chlorido of creatinine prepared fcom 
human urine. ■ 

hydrate^ forma perfectly limpid prisms, belonging to the mono- 

clinic system. IiicHnafion of the clinodiagonal to the principal axis = 70° 20'. 
Iiiclinatiou of the faces ool* : ooP in the plane of the orthodiagonal and principal axis 
«= 133° 2' (nearly). SpeeifTc gravity of the crystals = 1*35 to 1-34. 

(In aline dissolves in 74'6 pts. of water at 18°C. ; it is very soluble in boiling water 
and is d<'positcd on cooling in a mass of neerlleg. It dissolves in 9410 pts. oi absolute 
atcohol^ but is more soluble in aqutovs alcohol ; Insoluble in ether. 

Decompositions, — 1. Hydrafcnl creatine, wTieu heated, first gives off its water of 
crystallisation with decrepitation; then melts without becoming coloured; after- 
wards emits an odour of ammonia, hydiYKyanic acid, and phospliorns ; and lastly, gives 
off yellow fumes, which condense partly to an oil, partly to needle-shaped crystals, 
jind loaves a small quantity of charcoal (Chevreiil). — 2.* The solution of creatine in 
aqueous hy permanganate of potassium is decolorised by continued digestion, without 
evolution of gas, the creatine being decomposed and carbonate of potassium fi.>rmed 
(Tiicbig). The aqueous solution of creatine is not decomposed by boiling witli per- 
oxide of lead (L i eb i g). It is not coloured by boiling with mercuric nitrate (C h e vrenl^. 
— 3. (iJreatino dissolved in strong nitric, sulphuric, phosphoric, or hydrochloric midy is 
converted into ereatinirro by abstraction of H'-’O, the creatinine them combining with 
tlie acid (Lit? big). I?nt if these acids are dilute, the creatine remains unaltered, even 
after long boiling, and the solution in cold liydrochloric acid loaves, by spontaneous 
eva|>oration, crystals of pure creatine (Liebig). If dry hydrocfdoric acid qns bo 
pas.scd ovtT 149 pts. (1 at.) of hydrated creatine heated to 100° (1., the woiglit first 
increases by absar|ifion oi hydrooldoric acid; but if dry air bt! then passed through 
tin? apparatus for some film?, water is continuously given off, and the ct^mpound 
diminishes in weight, till it amounts to only I54‘16 pts.» and contains 38'Oo pis. (a 
little more than 1 at.) ljydro<diloric acid. ITeiicc 36 pts. (1 at. of water of cry.Mtallisa- 
tion and 1 ah more produced fi'oin the creatine) have been given off, and on tlie other 
liand, 38*06 pts. (1 at.) hydrochloric acid have entered into combination with tho 
hydrated creatine : 

+ HCl = C^IPN’O.HOl + 2H-0. 

Hytlraind Hydrochlorale of 

croatiiu?. creathiino. 

131 pts. (1 at.) of dry creatine, similarly treated with hydrochloric acid gas, take up 
nhout 18*04 pts., because, in this case, only 18 pts. (1 ah) water are given off for 
evc7*y 36*4 pts. (1 at.) hydroehloric acid taken up (Liebig). — The colourless solution 
^ ercatincm nitric acid of »pet;ific gravity 1*34 gives off nitrous fumt»s when heated in 
the water-bath, and leaves on evaporation a colourles.s resiilue (of nitrate of creatinine), 
whidi dissolves in water, separates ont therefrom in small granules, and does not 
l>recipitate dichloride of platinum (Chevreul). — 4. By boiling with a small quantity 
of baryta dissolved in water, creatine is revived into sarcosine and urea, which is then 
quickly resolved by the baiyta into carbonic acid and ammonia (Liebig); 

+ IPO « c»H’No» + cn*wo. 

Creatine. Sarconine. Urea. 

From this decomposition Street er (Ann. Ch. Pham. cxviiL 151) infers that creatino 

Vou IL H 
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may be regarded as a compound of cyanamide (urea minus water) and sarcosine 

(metbybglycocme), t. e. as CH* q; or An aqueous 

solution of creatine saturated at the boiling heat, and mixed with crystals of baryta 
amounting to 10 times the weight of the creatine, remains clear at first, but, if the 
boiling be continued, gives olf abundance of ammonia ; deposits carbonate of barium 
at the same time ; and, if fresh baryta be added from time to time, is ultimately found 
to contain scarcely any thing but sarcoaine and carbonate of barium ; and, if the 
operation be interrupted during the strongest evolution of ammonia, likewise a little 
urea. A small quantity of another substance, probably urethane, is however produced 
at the same time : for the alcohol from which the sulphate of sarcosine has crystal- 
lised out, be mixed with water, neutralised with carbonate of barium, filtered, and 
evaporated to a thin synip, colourless needles and larninaj ai*e obtained which redden 
Htmus very slightly, fuse and volatilise when heated, without leaving baryta, and dis- 
solve in water, in uleohol, and in 30 pts, of eihcr ; their aqueous solution does not pre- 
cipitate fhft salts of barium, calcium, or silA'or, or neutral aeetate of lead, or corrosive 
sublimate (Liebig). — 6. The aqueous solution becomes turbid by long standing 
(if, according to Liebig, it contains a trace of foreign organic matter), and ovolves a 
sickening ammoniacal odour (Clievreul). — 6. When nUroiis gas is passed into a 
solution of cpoaiino in nitric acid, an alkali is formiMl, having the composition C*NIT* 
(Doasaign es). — 7. When an aqueous solution of creatine is lioatcd with Mercuric 
oxide, carbonic acid is evolved, and methyluraniine (C‘H'N®) obtained in the form of 
an oxalate (Dessaignes) : 

2C^K"N>0* f 0» = 2CaPN^C=lPO< + 2CO* + H^O. 

Creatine. Oxalate of inethyl- 

urainine. 

The same transformation is efTected by a mixtiire of peroxide of lead and sulpburlc 
acid (Dossjiign os). — 8. Hot nitric acid decomposes creatine, yielding methyl- 
amine and ammonia (Dcssaignes). — 9. Creatine heated with soda-lime, gives otf 
methylamine. (Lessaignes.) 

Sai.ts of Cruatinu. Creatine is a very weak base, not being capable of neutral- 
ising the weakest acids, even when added in very largo (piantity. (Liebig.) 

Sulphate of Creatine, 2C '1I«N«0 ’.S0'IP, and the Ht/drockhrate, C'Jr’N'‘0-.TI01, are 
obtained in fine prisms by dissolving creatine in the proper quantity of acid, and 
evaporating the solution at 30° G. or in vacuo ; they are soluble in water but not deli- 
tescent. (Dessaignes.) 

Uiirate of Creatine, CHPK*O^.NO*1T. — Obtained by dissolving crystallised creatine 
in the requisite quantity of nitric acid, and evaporating the solution at 30° C.; or by 
ipnasing a rapid stream of nitrous gas through water containing an excess of creatine in 
^suspension. The creatine dissolves with telorable rapidity, and a considerable quantity 
of snutll shining crysitals of the nitrate are formed, which, when recrystallised by 
dissolving them in lukewarm water and cooling, form thick short prisms. Tliis salt is 
less soluble in water than the sulphate or hydroehl orate. The solution has a very sour 
taste, and is decomposed by ammonia with precipitation of ereatino. (Lessaignes.) 

Prom a solution in wann baryta-water, creatine crystallises on cooling without 
taking up any baryta. (Liebig.) 

The aqueous solution of ereatino docs not precipitate chloride of barium, basic acetate 
of lead, ferric sulphate, cupric sulphate, niimto t»f silver, or tetrachloride of platinum 
(Clievreul). It does not precipitate chloride of zinc, unless it contains creatinine 
(Heintz). The warm non-boiling, aqueous solution, added to chloride of zinc, does 
not throw down any crystalline compound, but yields the creatine in the separate state 
on cooling (Liebig). On boiling the mixture, the zinc-precipitate is formed (H ointz), 
probably from conversion of the creatine into creatinine. 

* <mXATXnrmB, C^H’N^O or (Liebig, Ann. Ch. Pharm. Ixii. 298 and 

324. — Heintz, Pogg. Ann. Ixii. 602; Ixxiii. 695; Ixxiv. 125.) — Heintz and Petten- 
kofer, in 1844, and nearly at the same time, discovered in liuman urine a nitrogenous 
substance which formed a crystalline precipitate with chloride of zinc. The crystellinc 
substance separated irom this precipitate was regarded by Pettenkofer as a peciUiiir 
compound * C"H>®N*0* [plainly a mixture of creatine and creatinine], by Heintz, at 
first as an acid, and afterwards as creatine, till Liebig, in 1847, showed Uiat it was a 
mixture of creatine and creatinine, which latter he had just before discovered 
and investigated, having obtained it by decomposing creatine with concentrated 
acids. 

Sources, — 1. In human urine, to the amount of 0*5 per cent. (PettenkoferX 
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geeording to H ein tz, likewise in tlie urine of horses and other mammalia. S o coloff 
has found it in the urine of horses and of calres. — 2. In muscular flesh. As itoceura 
in the mother-liquor of the creatine prepared from flesh, and ns dilute acids do not 
convert creatine into creatinine, we cannot suppose that thia creatinine of muscular 
flesh ia formed by heating the decoction of the flesh (Liebig, see p. 97). — 3. In 
blood. (Verdeil and Marcet.) 

Formation , — From creatine, by the action of the stronger mineral acids. 

preparation — 1. Fram Human urine, — a. Fresh human urine is neutralised with 
carl)onate of sodium, and evaporated below 100^ 0. to a syrup (till the salts crystallise 
out, according to Liebig) ; this syrup is exhausted with alcohol ; the filtrate mixed with 
a concentrated solution (alcoholic, according to Ileintz) of chloride of zinc, which 
at first throws down a brown amorphous precipitate, containing zinc (phosphate of 
zinc, according to Heintz), then after several hours, crystalline grains ; the whole of 
the prccipitute, after standing for some time is collected on a filter (Ileintz washes it 
wntli weak alcohol); boiled with water, which leaves the amorphous precipitate undis- 
solved ; and the filtrate evaporated, — whereupon it yields yellow crystals, wliich may 
be freed from adhering salts by repeated boiling with strong alcohol (Fettenkof er). — 
h. Fresh human urine is neutralised with milk of lime ; chloride of calcium added as 
long as a precipitate of pliosphate of calcium continucjs to form ; tiie filtrate evaporate<l 
till the salts crystallise out ; 32 pts. of the mother-liquor niix<;d with I pt. of cliloride 
of zinc dissolved in the smallest possible qujintily of water; the mixture set aside for 
four days; and the zinc-compound which separates in nodules washed with cold water 
(Liebig). — c. Putrid human urine is boiled with excess of milk of lime till it no 
longer gives off ammonia ; the flltrato is evaj^wrated to a symp, and mixed as above 
with chloride of zinc; and the crystals which form after long standing, are washed. 
(Liebig; see also Dcssaignes, J. Phnrm. [3] xxxii. 42.) 

To purify the crystals, it is not good to use bone-charcoal, which occasions great 
loss ; — but they must be dissolved iu hot water; tlie solution mixed with ammonia till 
a precipitate begins to form ; the precipitation completed by means of sulphide of 
aiiirnonium ; the filtrate highly concentrated and mixed with absolute alcohol; the 
nearly white crystals of creatine and creatinine, wdiich are obtained by cooling the 
solution to a low tomperatiire, dissolved in the smallest possible quantity of boiling 
water; the solution mlxcsd with alcoholic chloride of ziiK?; and the precipitate, which 
forms on setting the liquid aside in a cold place, washed with alcohol. The ubove- 
iiK'ntioned mother-liquor of creatine, which likewise contains sul-ammonisic, also 
yields, with alcoholic chloride of zinc, a precipitate which, when purified by crystal- 
lisation from boiling water, yields the zinc-compound' in white crystals. (Heintz; 
see also Lobe, J. pr. (Ihem. Ixxxii. 170; Hep. Cbim. pour 1801, p. 2^.) 

The zinc-compound is then decomposed with hyth’afce of load in tlie manner de- 
scriljcd at page 96, and the mixture of creatine and creatinine thus oldained, is 
digested in the cold with very strong alcohol, which dissoIve.s tins creatinine and J eaves'’ 
tijo creatine : great care mu.st be taken to avoid rise of temperjiture, otherwi.se some 
of tlie creatine will also be dissolved. (Neubauer, Ann. Ch. Pharm. cxix. 27.) 

Tlie quantity of ereatinine in urine may be veiy exactly estimated by precipitation 
with ail alcoholic solution of chloride of zine. 300 ce. of urine are treated with milk 
of lime and chloride of calcium as above ; the liquid, filtered after standing for two 
liours, is evaporated to drync.ss over the water-bath; the residue, while still warm, is 
(ligrstod for 4 or 5 Ijours with 30 or 40 cc. alcohol of 95°; the liquid is filtered; tho 
residue washed with small quantitie.s of alcohol ; the liquid, evaporated if necessary to 
a Amlume of 40 or 50 cc., is mixed, after cooling, with 0*5 ce. of an alcoholic solution 
of chloride of zinc (density 1*2), then briskly agitated, and loft to if self for 3 or 4 days 
in a cellar; and the crystals thus obtained are washed on a weighed filter with a small 
quantity of alcohol, then drieii at 100° C. and weighe<l. In this manner the qiiunlity of 
iTt'atinine voided in 24 hours in the urine- of a healthy man weighing 64*5 kiL was 
found to be 1*1G6 grm., that is to say, 0*0214 grm. per kilogramme. 

2. From Horse^urine , — The urine, which has an alkaline reaction, is nentralifled 
^th hydrochloric acid, evaporated to a small bulk, and then mixed with an additional 
quuntity of hydrochloric acid ; tlio liquid scparat(‘d from the precipitated hippuri® 
acid is neutralised with milk of lime, and evaporated nearly to dryness over the water- 
butli; the residue repeatedly boiled out with alcohol; and the alcoholic solution 
mixed with a small quantity of chloride of zinc: it then gradually deposits a brownish- 
yellow precipiLite of zincochloride of creatinine, from which creatine and creatinine 
may be obtained as above. (Socoloff, Ann. Ch. Pharm. Ixxviii. 243.) 

3. From Calves' urine. — The fresh urine evaporated to a small bulk over the 
water-bath, and filtered while hot from the amorj^hous precipitate thereby formed^ 
yields, after a few days, a crystalline niass con.sisting of allantoin, together with a 
large quantity of phosphate of sodium and ammonium ; and on washing this arystallixM 

h2 
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mttfls 'vrlth cold water, and rccrystallising the residue, c^stals of ^ure allantoin are 
oV)tained. The mother-liquor filtered from the allantoin is mixed with alcohol^ which 
throws clown sulphiites, mucous matter, the greater part of the phospliatcs, and a large 

?uantity of colouring matter ; and the filtrate, which is still considt*rably coloured, ia 
reed from the remainder of the phosphoric acid by means of chloride of calcium, and 
lastly mixed with a concentrated solution of chloride of zinc ; it then yields a precipitate 
of zincochloride of creatine, which continues to increase for several days. (Socol off.) 

4. tVom Blood . — A considerable quantity of fresh ox-blood (about 5 quarts) is freed 
from fibrin and blootl -corpuscles by stirring, and from albumin by heat ; then filtered 
through linen, and evaporated over the water- Viath with afldition of a little powdered 
gypsum, which removes an albuminous substance not coagulable by heat, as well as 
some additional blood-corpuscles, and precipitates the saponifiable fats. The liquid is 
then evaporated to onc-fourth of its hulk, again filtered, and the colourless filtrate 
evafxirated to dryness at a very gentle heat, whereupon nearly all the chloride of 
sodium crystalliaes out. On treating the rcsidiio with small quantities of absolute al- 
cohol till nothing more is dissolved, and expelling the greater part of the alcohol by 
heat, the solution yields, on cooling, Boudet’s seroline (Ann, Ch. Phys. Hi. 337), the 
quantity of wliich inerearfes on addition of a small quantity of water. The liquid fil- 
tered from the seroline yields, on addition of a small quantity of solution of chloride of 
zinc, sometimes immediattdy, sometimes after a few hours, a partly crystalline, partly 
amorphous precipitate, wliieh is but partially soluble in boiling water. The insoluble 
portion is resinous, and appears to be a compound of chloride of zinc with a peculiar 
organic substance; the soluble portion consists of the zincochloride of creatinine. The 
quantity thus obtained is, however, but small. (V erdoil and Marcot, J. Pharm. [3] 
XX. 89.) 

5. From Mvsetdar Flesh. — The mother-liquor of creatine is treated with alcohol to 
precipitate tho inosato of potassium or barium; the filtrate evaporated over tho 
water-bath ; theresiduo boiled out with alcohol, which takes up all the creatinine, to- 
gether with a little creatine, and leaves a residue consisting chiefly of chloride and 
l.'ictate of potassixim ; the filtrate fnixod with chloride of zinc ; and the crystals of 
Kincochloride of creatinine, which form after a while, decomposed as above with hy- 
drated oxide of lead. (Liebig.) 

6. From Creatine. — a. Hydrochloric acid gas is passed to saturation over creatino 
heated to lOO'^ in a Liebig’s drying apparatus, then dry air as long a.s water continues 
to escape ; or tho solution of cnaitine in strong hydrochloric acid is evaporated to dry- 
ness in the water-hatli. The hydrochlorate of creatinine obtained by cither of thoso 
methods is then dissolved in 24 pts. of water; the solution kept at the boiling heat in 
a basin ; ^rfectly pure hydrated oxide of lead macerated in water added to it by small 
portions till it becomes neutral or slightly alkaline, and then three times as much of tho 
nydnited oxide of lead, until the liquid becomes pasty from fonnution of oxychloride 
of lead. The liquid is then filtesred and the precipitate well washed; the filtrato 
treated with a small (]uantity of blood-charcoal to remove any lead that may still re- 
main dissolved ; tho li(][uid -again filtered, and the filtrate evaporated and cooled to 
* the crystallising point (Liebig). — h. The solution of 1 pt. creatino in 1 pt. oil of 
vitriol and 3 ))ts, water is evaporated till all moisture ia removed; tho remaining sul- 
phate of creatinine lanled with water and very pure carbonate of barium, till it be- 
comes alkaline; and the solution filtered and left to crystallise. (Liebig.) 

Properties. — Colourless prisms belonging to the monoolinic system. Dominant 
faces 00 P . oP . 00 P 00 . Inclination of the faces oP : oo P oo = 69° 24’ ; oo P : oo P in 


the plane of the orthodiagonal and principal axis = 98° 20'. Creatinine in tho state 
of concentrated solution has a caustic taste, like that of dilute ammonia. It blues 


wddened litmus, and reddens turmeric (Liebig). Dissolves in 11*5 pts. of water 
at 16° C., and much more abundantly in hot water; in 102 pts. of absolute alcohol 
at 16°, and more abundantly in libt alcohol, from which it ciystallises on cooling. 
(Liebig.) 

T.ifbig. 
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Decompositions. — 1. Creatinine, under certain circumstancps, takes up 1 at. vwfer, anti 
is reconverted into creatine. The dilute solution of hydrochlorate or sulphate of crea- 
tinine slightly supersaturated with ammonia and evaporated, yields a few crystals of 
creatine (Heintz). Creatinine enclosed in a bottle with sufficient water to dissolve 
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it, yields in the course of six months a few crystals of creatine ; if ammonia be added 
to the liquid, the quantity of creatine produced is considerably greater. The same 
transformation takes place in presence of neutral salts, and is accelerated by boat 
(Dessaignes, J. Pharm. [3] xxxii. 41; see also ZinaKhloride of Creatinine^ 
infra), 2. Creatinine is decomposed mercuric oxide in the same manner as creatine 
(p. 98), yielding methyluramine (Dessaignes); also by permanganate of potassium 
(N oub a u er). 3. Nitrous acid passed into the aqueous solution of creatinine converts 
it, with evolution of carbonic acid, into the nitrate of a very weak base, C*H*®N*0* 
(Dessaignes, loc, cit,; see also page 102): 

2C'H'N*0 + O' - + 2CO* + 2H*0. 

4. Heated with iodide of ethyl and alcohol or ether, it yields iodide of ethyl-creatinine 
and hydriodate of creatinine. 

Sulphate of Creatinine. 2G^H'N®O.H'SO^. — An aqueous solution of creatinine, 
eaturated at a boiling heat and mixed with dilute sulphuric acid till it acquires a 
strong acid reaction, loaves on evaporation a white muss, whose solution in hot alcohol 
becomes turbid on cooling, then clear, and deposits transparent, coloui’loss, quadratic 
tables, which remain transparent at 100®. (Liebig.) 

Hydriodate of Orcatmine, is prodiicc^d, togotlier with iodide of ethyl- 

crcatininc, in the preparation of that compound (p. 102), and remains in the mother- 
liquor after the latter has crystallised out. It is very .soluble in wati*r and in alcohol, 
and may be obtained, by repeated cr^'stallisation from water, iu large transj)arent, some- 
what yellowish crystals. The aqueous solution mixed with acetate of sodium and 
cliloride of zinc, yields a precipitate of zinco-chloride of creatinine. (Neubauer.) 

HydrocMorate of Creatinine. C^H'N‘'0.11C1. Preparation (ii. 100, G). —Crystallises 
from solution in boiling alcohol in transparent colourless prisms, and, by evaporation 
of the aqueous solution, in transparent lamiuae which redden litmus. Dissolves very 
readily in water. (Liebig.) 

Zincochloride of Creatinine, 2C^H'N*O.ZnCP, Preparation.-^l, (p. 100). — 2. By 
mixing creatinine and chloride of zinc in the state of concentrated aqueous solutions. 
Botli processes yield, with greater rapidity as the niixturo is more concentrated, deli- 
cate needles united in nodules, or prisms (Pett enkofer), belonging to the monocliriic 
sysftMn, with terminal hmos inclined 82® 30' to tlio principal axis (K. Schmidt, Ann. 
Cli. .Pharm, Ixi. 332) The crystals give off only a truce of hygroscopic water at 120° C, 
\Vh(!n the creatinine is separated from this compound by means of hydrated oxide of 
load or sulphide of ammonium (p, 99), more than of it is found to bo converted into 
cr(*atine, and in larger proportion, apparently, as the solution of the zinc-coraiK)und 
used was more dilute. If, therefore, after the creatine lias been separated from the 
resulting liquid by evaporation and cooling, with addition of alcohol, the mother- 
liquor containing the rest of the creatinine be repeatedly precipitated with chloride of 
zinc, and the precipitiite decomposed, &c., nearly all the creatinine may be converted 
into creatine (Heintz and Dessaignes). Zinco-chloride of creatinine dissolves 
sparingly in alcohol, but is insoluble in strong alcohol and in ctluT (Pett en- 
kofer). It dissolves in 9217 pts, alcohol of 98®, and in 6743 pts. alcohol of 87®» 
(Neubauer.) 

Chloride of sine likewise combines with hydrochlorate of creatinine^ forming the 
compound 2(C*H'N*O.HCl).ZnCP, which is obtained in large crystals, very soluble 
and strongly acid to the taste, by dissolving the zinco-chloride of creatinine iu hydro- 
chloric acid, and cvaporiiting to a syrup (Dessaignes, J. Pharm. [3] xxxii. 43). 
The solution mixed with acetate of sodium, yields a precipitate of zinco-chloride of 
creatinine. (Neubauer, Ann. Ch, Pharm. xx. 267.) 

Creatinine also forms with chloride of cadmium^ a crystallised compound 2C^IPN®0. 
CdCr*, more soluble in water than the zinc-compound, and sometimes appearing to 
cry sbillise with 1 at. water. (Neubauer.) 

With cupric saltSj creatinine forms crystallisablo double salts of a ftno blue colour. 
(Liebig.) 

When mixed in aqueous solution with corrosive sublimate^ it immediately forms a 
white curdy precipitate, which changes in a few minutes to a mass of <lelicate colour- 
loss needles (Liebig). With mercuric nitrate, it forms a crystiillino comjxmnd, 
2C'H'N*O.Hg"N^O®.lIg"0, which, when decomposed by sulphydric acid, yields fino 
crystals of nitrate of creatinine. (Neubauer.) 

With concentrated solution of nitrate of silver, it coagulates immediately into a 
mass of delicate white needles, which dissolve readily in hot water, and crystallise 
out again unclmngod on cooling (Liebig). According to Neubauer, they contain 
2tC‘H'N»O.AgNO»).Ag'0. 

The clear mixture of dilute hydrochlorate of creatinine and tetrachloride of platinum 
(or of hydrochloric acid, creatine, and tetrachloride of platinum), yields, by slow oyapo- 
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ration, transparent, aurora-red pnHms, and by quicker evaporation, granules which die. 
solve readily in water, less quickly in alcohol, and contain 30*53 per cent, platinum, 
whence they probably consist of 2( C*H’N*O.HCl VPtCl*. (Liebig.) 

Bfliyl-oreatlniiie. C®H"N*0 « C^H*(C'H*)N*0 (hTeubauer, Ann. Ch. Phann. 
xix. 61 ; XX. 267).— The iodide of this base, C«H'’-*N“OI, is produced by enclosing 30 
grms. of creatinine with rather more than an equivalent quantity of iodide of ethyl 
and alx)ut 40 per cent, of absolute alcohol, in a sealed tube and heating the mixture 
to 100° C, for several hours. A crystallino pulp is thus obtained, which, when purified 
by several recrystallisations from absolute alcohol, yields the iodide in long shining 
needles, very soluble both in wat<>r and in alcohol. 

By treating the iodide with oxide of silver, carefully avoiding an excess, and eva- 
porating the filtrate in vacuo, a radio-crystalline mass is obtained, consisting of the 

hydrate of ethyl-creatinme ^ water and alcohol, 

insoluble in ether. From solution in warm absolute alcohol it crystallises on cooling, 
in fine needles, grouped in nodules. It is not deliquescent. The aqueous solution is 
strongly alkaline, has a bitter taste, precipitates ferric chloride and salts of aluminium, 
and expels amnioniii from its salts when heated with them. ^ 

The chloride C“1P^N‘‘()C1 is obtained by slightly supersaturating the aqueous solution 
of the hivno with hydrochloric acid, and evapoivuti ng, as a crystalline m.iss composed of 
interlaced needles, very soluble in water and alcohol, insolul)lc in ether. The solution, 
mixed with tetrachloride of platinum, yields the chloroj^lat'matc^ 2C‘'li‘‘^N*OCl.PtCl\ 
in fine prisms. 

Hydrate of cthyl-cn^atlnine, heated in a scaled tube with iodide of ethyl, does not 
yield a compound contaiulug another at<nn of ethyl, but merely iodide of cthyl-crcati- 
nine and alcohol : 

0“n‘»N*0.n.0 + CTPI = 

Hence cthyl-creatininc may be regarded as an amttiouium-base, and creatinine itself 
as a tertiary amine, N.(C'H’N'‘^Oy". 

B(X$ce yrodweed from Creatine and Creatinine hy the action of Nitrons Acid, 

o. C**H**N**0*. (Dessai giios, Oonipt. rend. xli. 1258; Ann. Ch. Pharm. xcvii. 
339.) — When nitrous acid gnts is pitsstAl into an aqueous solution of creatinine, car- 
bonic acid escapes, the liquid V)ceomes brown and turbid, and after a few hours tlio 
nitrate of the base, separates in small yellowish indistinct crystals, which 

become tliick if left for some time under the liquid. The reaction is : 

2C^H»N»0 + O’ = + 200* + 2H-0. 

This compound, which app<'afl*s to be likewise formed in small quantity by the action 
of nitrous acid on creatine, is a very weak base, its salts being partially decompos('d 
even by solution in water. Ammonia added to th-o solutions throws down the base ns 
a white, amorphous, tastidess powder, msoltL!>le m water, but soluble in dilute acids at 
a gentle heat, of the salts crvstalliso from tlioir solutions on cooling. The 

hydrochlorate, 2C'il‘''N'*0‘.3HCl + forms long deeply striated prisms ; tin*, chio- 

rovldtinate, which is moderately soluble iu water, forms large crystals, consisting of 
40-H“'^<-‘0^6HCl.3PtCP + 12iPO. 

$, (Dessai gnes, loc, cit) — Produced, together with oxalic acid and 

chloride of ammonium, by hc-uting the base « with hydrochloric acid : 

C^H'^N^O* + 4H->0 =- C'H*N*0* + 4NH» + C*H*0*. 

Crystallises in long shining prisms or lamiuse ; dissolves slowly in cold water, easily in 
hot water, slightly in ether; has an unpleasant, almost metallie taste ; melts and vola- 
tilises without decomposition, and iMtns with flame witliout leaving any residue. It lias 
a slight acid reaction; does not precipitate the salts of calcium, barium, lead, copper, or 
xinc, or chloride of meneury, or nitrate of silver in dilute solution. Dessaignes reganls 
this body as identical with that wliich Liebig observed to be produced, together with 
sarcosine, by the action of baryta on creatine at the boiling heat (p. 97^ Stiidelcr 
(Ann. Cli. Pharm. cxviii. 151) points out that it has the composition of methyl-para- 

• banic acid, C^Hrcn»)N=0* = N2.(bO)"(CW)^CH*.^ 

7 . (Dessaignes, Compt. rend, xxxviii, 39.)— When nitrous acid is 

liassed into a solution of creatine in nitric acid, a large (juantity of gas is evolved, mikI 
on neutralising witli potash, separating the greater part of the nitrate of potassium 
by crystal! i.sution, and adding nitrate of silver, crystals are obtained, consisting of 
C*n*^N.AgNO®. They dissolve in hot water, and after severid ciy’stuUisations assume 
the form of long whit© needles. When decomposed l^ excess of hydrochloric acid, 
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tliey yield the nitrate, C*H*N.HNO*, in the form of a fibrous mass of small prisms 
baring a 'very sour taste. The cUoronietcurate crystallises in long prisms. 

CuprifcroiLs Manganese. 3Cu0.2Mn’0’. — A mineral found 
near Frederiehsrode in the Thiiringer Wald, together with psilomelane and hausman- 
nite. It occurs in crystallo-laminar aggregations, cloa\dng with moderate distinctness 
in two directions parallel to the sides of a monocUnic prism, very distinctly parallel to 
the base. Fracture uneven. Colour iron-black. Streak black. Lustre vitreous, strongest 
on the perfect cleavage-face. Opaxjue. Specific gravity 6= 4*9 to 6 1. Hardness 

4.0 4*5. Thin laminae melt, at the edges only, when strongly heated before the 

blowpipe. With borax it forms a dark violet glass ; with phosphorus-salt a green 
glass, becoming blue on cooling, and copper-rcd in the inner flame. Hydrochloric acid 
dissolves it, with evolution of chlorine, forming a green solution. 

Analyses a, 6, c, by Rammelsberg (Pogg. Ann. Ixxxiv. 669); d by Credner 
{iUd, Ixxiv. 656), 


MnO 

0 

CuO 

BaO 

CaO 

H*0 

Gangue, 


a, 64*24 

8*83 

23-73 

2-01 

— 

— 

— 

« 98-81 

h. 66-29 

8*58 

32-35 

3*08 

0-76 

— 

— 

« 101*06 

c. 62*66 

6-78 

40-65 

1-48 

— 

— 

— 

« 100*46 

d. 61-06 

— 

42 73 

0*62 

0*63 

0*25 

0*63 

« 96*82 


The formula 3Cu0.2Mu*0^ requires 42 9 per cent. CuO, and 67*1 MnO ; tha 
mineral often conUiins excess of oxide of manganese. 

CRSM'XC and APOCSSITZC A.CZOS. (Berzelius, Pogg. Ann. xiii. 84; 
Mulder, Ann. Ch. Pharm. xxxvi. 243). — Organic acids existing, according to Ber- 
zt'lius, in vegetable mould and in the ochrooiis deposits of ferruginous waters. (The 
word crenic is derived from Kpifivn, a spring.) They were first obtained from the 
mineral water of Pori a in Sweden. According to Berzelius, the yellow deposit which 
forms in ferruginous waters contains theso acids in the form of basic salts. They 
an* extracted by boiling the deposit with pofjish, Altering, supersaturating the liquid 
W’ith acetic acid, and ad(ting a solution of acetate of copper, as long as a dark brown 
precipitate continues fo form. This precipitate contains the apocrenic acid. The 
liquid is filtered, saturated, or .slightly .supersaturated with carbonate of ammonium, 
and acetate of copper again added as long as a greenish-white precipitate is produced. 
The precipitation is coiiq>leted by beating the mixture which contains the crenio 
acid to 80° C. ; the cnniic acid is more abundant than the a|x)crenic. Both precipi- 
tates are decomposed by suspcjiding them iu water, and passing a stream^ of sulphu- 
retted hydrogen through tlic li(piid. 

The ('renic acid i.s isolated by evaporating the filtered liquid in vacuo. The product 
thus obtained still retains a certain (piantity of earthy cronates, from which it may be 
separated by means of absolute alcohol, which dissolves the acid and leaves the salts, 
and evaporating the alcohol in vacuo. As tlui.s obtained, it is pale yellow, uncrystul- 
lisahle, transparent, hard, and fis.sured ; its ta.sto is acid at first, afterwards astringent. 
Willi the alkalis it forms neutral and acid salts, which arc unciy stall isable, soluble in 
w'ater, insoluble in alcohol, and resemble vegetable extracts in appearance. They are 
yellow, and turn brown iu the air from formation of aprocenic acid. 

Apocrenic acid is brown, sparingly soluble in water, more solulde in absoluto 
alcohol, and has a very astringent taste. The a^xicrenates of the alkalis rc'semble the 
creiKitos, excepting that they are black. 

Both acids displace acetic acid by evaporation. Apocrenic acid di.ssolves immedi- 
ately in alkaline acetates. Tho feiTOUS salts of both acids are soluble in water, but 
their ferric salts are insoluble. 

According to Borzeliu.s, both creuie and aprocreuic acid contain nitrogen and give 
off ammonia by dry distillation. Mulder supposes that tho nitrogen found in them is in 
the form of an ammonium-salt, and may be completely removed by acetic acid. Mulder 
represents crenic acid by the formula and apocrenic acid by but 

these acids have not yet been obtained in a sulficicntly definite state to enable us to fix 
their formul®. 

CRSOSOZi. The principal constituent of wood-creosote (p. 106). 

CJtBOSOTZ:. (Rcichenbach [1832], Schw. J. Ixvi. 301, 346; Ixvii. 1, 67; 
Ixviii. 352. Ettling, Ann. Oh. Pharm. vi. 209. Laurent, Compt. rend. xi. 124; 
xix. 674. Devi lie, Ann. Ch. Phys. [3] xii. 228. Gorup-Bcsanez, Ann. Ch. 
Pharm. Ixxviii. 231 ; Ixxxvi. 223. Volckel, ibid, Ixxxvi. 93: Ixxxvii. 306. llla- 
siwetz, ibid. cvi. 339. On the Preparation of Creosote: E. Simon, Pogg. Ann, 
xxxu. 129. Hiibschmann, Ann. Ch. Pharm. xi. 40. Kone, ibid, xvi. 63. 
Kruger, Buchner’s Repert. Pharm. xhnii. 273. Buchner, ibid. xlii. 84. Cozzi, 
ibid, Iv, 693.) — The substance known in commerce by tlie name of creosote is often 
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merely hydrate of phenyl more or less im^e ; but the true cieoeote extracted by 
Reiclieubach from wood-tar is a perfectly distinct body, and does not exhibit all the 
characters of hydrate of phenyl. It is to the true creosote that wood-vinegar, tar-water, 
soot, and wood-smoko owe their power of arresting the putrefaction of meat and other 
animal substances. Tlio name creosote is derived from flesh, and to save. 

Pre'j^ratio'iu — Wlien wood-tar is distilled till the residue acquires the consistence of 
a pitchy mass, the liquid collected in the receiver is formed of several distinct layers, 
the lowest of wliich contains the creosote. On saturating it with carbonate of sodium 
and leaving it at rest, a yellowish oil rises to the surface. This oil is decanted, and 
rectified in a glass retort, the Jiglitor j)ortion of the distillate being reieetcd nnd the 
lieavit^r portion collected luid ignited with potitsh-solutaon of specific gravity 1*12, 
The creosote then dissolves in tJio alkaline liquid, wliile the hydrocarbons witli which 
it is mixed remain undissolved. The alkaline solution is decanted and boiled for 
some time in contact with the air„ to resinise a foreign substance dissolved in the 
potash, after which the liquid is filtered and the creosote set free Tiy addition of sul- 
phuric acid. The creosote thus obtained is not yet jxnre; it requires to bo again 
distilletl several times with alkaline wattT, then clissolvtHl in potash, to free the 
creosote from insoluble hydrocarhons, and separated from th (3 alkaline solution by 
sulplmric acid. These operations must be repeated till the creosote dissolves in potash 
without residue, after which the creosote is to be finally distilled at 200° C., and drit'il 
<)ver chloride of calcium. 

Proper to.— Creosote is a eolourle.ss, oily, strongly refracting liquid, having a dis- 
jigreeable penetrating odour like that of smoked meat, and a burning taste. Spreifir 
gravity I’C.!? at 20° C. (Keiclicnbach), 1*010 at 11*5° (Gorn p- Hesanez), l'07h 
at 1 6*6° ( V (i 1 ck e 1). It does not sobMify at — 27° 0. Boils at 203° (H o i c h e n b a e h) ; 
between 203*5° and 208° (Gorup-Be.saiiez), and disfilsin great part without altera- 
tion. ■When pure it does not Iw'coine eoloured by exposure tA> llio air. It burns with a 
smoky flame. Does not eoauluet electricity. 

Creosote is spiiringjy soluble in water, but mixes in all i)r»qx>rtions with alcohol, 
ether, bisulphide of carbon, napbtha, and acetic ether. It dissolves sulphur, ])Iioh- 
phforus, selenium, oxalie, eitrie, tartaric, Ixmzoic ami stearic acids, resins, and several 
colouring matters. With the aid of hosil it dissolves sevtTul iimtallic sails, e. g. the 
chloi^es of calcl-um and tin, the acetal es of potassium, sodium, ammonium, zinc, &e., 
nnd dejxjsits them in the crystalline slatt'oii cooling. 

It imparts a blue colour to ferrh salts^ and reduces nitrate of silver^ and the salts 
of mercury, (joUif and idathium. When dropped on rootnitJy prepared oxide of silver 
it produces a kind of explosion, the silver being partly reduced, and o-valate of silver 
formed* together with sev(‘ral resinous compounds. 

The composition of creosote is not yet definitely fixed. The following are the 
lUiiilysei whidi liavo been made of it : 
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Gomp-Besanez deduces from his analyses the formula C**!!’^ (calc. 76*47 0; 
7*84 liy. Volckel gives the formula C*^H"02 (72*72 C; 7*07 H); neither of these 
formulffi agrees well with the analyst's. According to TTlasiwetz, creosote is a com- 
pound ether derived from an acid, wliich, when treated with bases, forinfl 

salts having the composition C»IPMO* and yielding the acid itself when distilled with 
dilute sulphuric acid (see p. 105). 

peco/njumHons.-^Creosote is decomposed by chlorine, with evolution of hydrochloric 
acid and formation of a chlorinated compound, which is deoompoied by distillation. 
bromine is absorlnxi in large quautity by creosote, yielding, according to Deville, a 
crystalline acid, having the composition of creosote in which half the hydrogen is 
replaced by bromine. Iodine dissolves in creosote, forming a brown liquid. 

When creosote is acted uj>on. at a gentle heat by a mixture of hydrochloric acid and 
ipotasnwiit tbe.^ion beipg continued for soveial days, urrested ai 
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foon as an abundant evolution of chlorine takes place, a crystalline mass ie obtained 
from which cold alcohol extracts a substiince crystallising in large rhomboidal tables, 
leaving another compound in the form of yellow scale.-?. (Gorup-Besanez). 

The rhomboidal tables give by analysis 39’8 per cent. C, and 1-9 H, whicdi Gonip 
represents by the formula 0‘*H’C1“0*, designating the compound as fenimUoroxyUn, 
Gerhardt, however {TraiU, iii. 24), prefers the 'formula C»H»C1*0* (calc. 40 " per 
cent, carbon, and 2 hydrogen) ; according to which it is homologous with trichloroqui- 
none. The yellow scales give^^by analysis (mean) 367 C, 1-5 H, and 60-6 Cl, which 
Gorupreproscntaby thoformula C**n«Cl*0» {hexacUoroxylin\ while Gerhardt gives 
the formula C*H^C1*0» homologous with tetrachloroqninone. When the yellow 
scales are suspended in water and sulphurous acid gas passed through the liquid, 
the scales are converted into brownish-white four-sided prisms, which dissolve in 
a mixture of alcohol and ether, yielding a yellow solution, which, by spontaneous 
evaporation, deposits long violet needles anti reddish prisms, the latter containing 
about tlje same quantity of carbon as tho yellow scales, but more hydrogen (‘2 23 to 
2-39 per cent.). Hence these products wouM appear to be related to the yellow scales 
in the same manner as the chlorinated hydrexjui nones are to the chlorinato<l quinones. 
All these corntxjunds require further investigation, but their formation is suflficient to 
show that ert^osote from wood-tar is a very different thing from liydnite of phenyl, the 
so-called coal-tar creosote. 

Creosote partakes of tho nature of an acid; it dissolves in caustic alkalis, and is 
decomposed by potas.sium, with elimination of liydrogen. Two potassium-salts have 
been formed, also sodium, ammonium, barium, lead, otliyl, and benzoyl- salts. 

Potassiutn-salts. — a. Neutral.^ C*II“K0*.2H'‘^0. Obtained by heating creosote with 
solid hydrate of potassium to about 130*^0. in an atmosphere of hydrogen, an<l crys- 
tallising the product from ether. It is then obtained in thin soft prisms or scales, of 
dazzling whiteness and satiny lustre. It dissolves readily also in water and alcohol, 
crystallising from the aqueous solution in soft interlaced noodles. When thoroughly 
freed from mother-liquor by pressure and dried, it may be preserved without alteration ; 
othenvise it quickly turns bl ui si i -green, and ultimately brown on exposure to tho air. 
The same is tho case with all tho creosote-salts ; honoe tho iiocossity of excluding tho 
air during their preparation. — 0. Acidsaft^ C'*IPKO*.C'*H'®0*. Obtained by treating 
creosote with potassium in an atinosplH*rc of hydrogen, and crystallising from ether, 
Itescmbles the neutral salt in appearance and in most of its properties, but is decom- 
po.sed by water, (II Iasi we tz.) 

Hodiuni-saUs. — Creosote bcliaves with sodium and hydrate of sodium much in tho 
same rriannor us with potassium and its hydrate ; but the sodium-salts have not yet 
been o))t«iined in definite form. (Hlasiwetz.) 

liiiTiuvi-sctlt^ C'®ir*^Ha -f- 3H*0, — Prepared like the neutral potassium-salt. 
Terms duzzlirig white scales, having a satiny lustre, quite inodorous, and permanent 
when pure. Gives off' its water at 100® C. (Hlasiwetz.) 

Liad’saltt 20'®H‘”Pb"0‘.Pl>0 + 2H*0. — The neutral potassium-salt mixed with 
acetate of lead yields a bulky white precipitate, which, when dried in vacuo, exhibits 
this composition. (Hlasiwetz.) 

Ethyl-co??ipoundj C‘*H®(C*H®)0*.— Obtained by heating the neutral potassium-salt 
with iodide of ethyl in a sealed tube, distilling, removing tho last traces of iodine by 
a^^tation with silver, and rectifying. Oily liquid, having a slight yellowish tinge and 
faint aromatic odour. 

A hcnzoj/l^compound. CTP^C’H^0)0* appears to be formed by treating tho neutral 
potassium-salt with chloride of benzoyl. (Hlasiwetz.) 

Creosol. C®H*"0’. — By decomposing the neutral potassium-salt of creo.soto with 
dilute sulphuric acid, washing with water, rectifying, and collecting the portion which 
distils over at 219° C. (which is by far the larger portion, small quantities only dis- 
tilling at lower and at higher temperatures), a colourless oil is obtained, agreeing in 
composition with the formula C"ir®0® (69 6 C, and 7'2 II). It is of the consistence of 
creosote, refracts light strongly, has an aromatic odour like that of vanilla, and burning 
taste; anhydrous; but little altered by keeping. Specific gravity 1*0894 at 13® O. 
Vapour-density 4*98 (by calculation to 2 vols. 4*79). It is not more soluble in water 
than creosote ; mixes in all proportions with alcohol, ether, glacial acetic acid, and 
alkaline leys. In a freezing mixture, it becomes viscid, but not solid. It reduces 
nitrate of silver, producing a specular deposit of tho metaL Hoes not unite with the 
acid sulphites of the alkali -metals, but forms with ammonia, either in the state 
of gas or in strong aqueous solution, a crystalline salt, sparingly soluble in water 
and having the composition C*H®(NIP)0*.C*H‘®0*, analogous to the acid potassium- 
salt al>ove de8cril>od. With potash and baryta it behaves like creosote, yielding the 
salts C*H®KO*and C*®H‘®Ba"0^; tho preparation of which is moreover much easier with 
this oil than with creosote. Bromne acts violently on it, forming a crystalline comt 
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poan^ containing C**H‘*Br*0\ The same (^mpound by the action of 

bromine on crude creosote; it, does not ho wey# sonify but. a crystal- 
line pulp, from which the pure compound may be obta|ti^ by <l||^vhag the pulp in 
a small quantity of aceti#> acid, leaving the solution over night,' and pressing the 
deposited crystals to free them from mother-liquor. It is formed by the replacement 
of 5 at. hydrogen By bromini in a double molecule of crcosoL 

IVicklorocreoso/, C'HTyl^O^, is formed by introducing ereosol into a large flask filled 
with chlorine. The whole solidifies in about* 24 hours, and the product may be 
purified by crystalliaation from acetic acid. (Hlasiwetz.) 

It api)cars then that creosote consists mainly of an oil capable of forming salts with 
bases, and having tlie composition This oil (ereosol) is likewise contained 

in the product of the destructive distillation of guujac rt^in— this product consisting, 
according to Hlasiwetz, of (/iuyacol, CHPO’^, and the homologous compound, 
gvajacol or ereosol, C*H‘®0“. "Creosote itself is probably a compound of the form 
C*H*(R)0‘^ or in wliich R denotes a radicle free from oxygen. (Hlasi- 

wetz, loc. cit) 

CRXSSOTZC ACZB. ^ |0. (Kolbe and Lautemann, Ann, Ch. 

Pharm. cxv. 203.)— An acid isomeric with carbocresylic acid, produced by the action 
of sodium and carbonic anhydride on crcsylic alcohol (C^H*0 + CO^ = The 

resulting mixture of carbocresylate and cresotato of sodium is treated with hydro- 
chloric acid, whereby the carbocresylic acid is resolved into carbonic anhydride and 
crcsylic alcohol, while the cresotic acid remains undeeornposed, and may be washed 
out by means of a strong solution of carbonate of ammonia, the liquid on evaporation 
yirdding th,e pure acid in fine large prisms. The Jicid dissolves sparingly in water, 
easily in alcohol and ether. It melts at 163^0. and solidifies at 144°. IJy mixing it 
with salicylic acid (which melts at 159°), a mixture of lower molting point is obtained: 
a mixture of 1 pt. cresotic acid and 4 pts. salicylic acid was found to molt at 139°. 

Cresotic acid produces a deep violet colour with sosquichloride of iron. When 
heated with oaicHtic baryta, it is resolved into carbonic anhydride and crcsylic alcohol 

CAZSS03LA.C1STZC AGIO. ? — An acid produced by the action of mono- 

cHloracetie acid on cresybite of sodium. Its copper salt, C^lPCuO® -i- aq., is green, and 
sparingly soluble. (Heiutz, I>erl Akad. Her. 1860, p. 464.) 


CRZSSS, OZZi OP. The lierb of LepuUum rudrrale Jind the inodorous seed of 
Lepidium riidcralc, L,sativuni, and L. caiupestre, bruised and macerated in water, yield 
by distillation a milky water, from wlikl^ by repeated fracti«)nal rectification in glass 
vessels (copper would exert a decomposing action), a yellow oil may be obtained. This 
oil, after further rectification, is colouries.s, but turns ytdlow again on exposure to 
light. It is heavier than water, neutral, exhibits the refrosbing but somewhat alliaceous 
odour and biting taste of water-cresses, and, when its vapour is inhaled in rather large 
quantity, produces dryness in the tliroat and headache. It cannot be distilled uiide- 
composod without water. By oxidation with nitric acid, it jj^ields sulphuric acid. 
With mercurous nitrat-e it forms a bhick precipitate of sulphide of mercury ; with 
corrosive zoblimate a white precipitate ; with nitrate of silver, sometimes white, 
sometimes black ; with dichlorido of platinum in alcoholic solution, an orange-yellow 
precipitate after a while. Aqueous potash and ammonia have no action on this oil 
It dissolves with red colour in oil of vitriol, and may be separated again by water. 
It dissolves slowly in water, readily in alcohol and ether, (Pless, Ann, Ch. Pharm, 
Iviii. 36.) 

The fresh leaves of Lepidhm laiifolium yield by distillation with water, a neutral 
oil heavier than water, together with a milky, strong-smelling and sharp- tasting 
water, which loses its sharpness by exposure to the air, and likewise in a few hours 
after being mixed with chlorine (whereupon it precijjitates chloride of barium) ; it 
gradually forms a black precipitate with nitrate of silver; blackens metallic silver 
after a while ; and is deprived of its t-aste and odour by chajwoal powder. (Sten del, 
Diss. de acredine mnnvU. vegetah Tiibingen, 1806.) 


C&aSTZiZO A&COBOK. Hydrate of Cnsyl C»H»0 « C'HIH.O. -This alcohol, 
homol^ous with hydrate of phenyl, was discovered in 1854 by William soH: and 
Fair lie (Chenu Soc. Qu. J. viL 232), and further investigated by Du do s (Ann. Ch. 
Pharm. cix. 135). It occurs in variable quantity in the so-called coal-tar creosote, and 
u obtained by subjecting the portion of that lic^uid which boils between 200° and 220° C. 
to fractional distillation (F a i r 1 i e). It likewise exists, together with hydrate of phenyl 
and other compounds, in the tar of fir-wood, and is obtained therefrom by treati^ the 
oil which passes over in fractional distillation between 150° and 220°, with weak so^- 
toy, to separate hydrocarbons, supersaturating the alkaline liquid with sulphuric acid, and 
rqwitiiig the .treatment with soda-icy and ^phuric acid, tmthe oil becomes perfectly 
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0 olable in the alhhliiie oht^iined is a mixture of phenylic and 

cresylic alcohols, wldeh aM separatediby fractional distillalioh, the former boiling 
atl87°C. V ’ ■ ’ ’■;> 

Cresylic alcondl colourlOss, strongly *reiVacting liqiiid^which boils at 203^ C. in 
the air (the same as wood-tar creosote, p. 104), and at lioo^ in an atmosphere of 
hydrogen. Analysis gave 77*4 to 77*7 percent, carboy ;jpid 8*06 to 2*20 hydrogen 
(^Iculation, 77’8 C, and 7*11 H). It is isomeric with tenzylic alcohol (i. 678 ). 

Cresylic alcohol is slightly soluble in water^ and mixes in all proportions with 
alcohol and ether. According to Fairlie, it is quite insoluble in ammonia r but accx)rd- 
ing to Duclos, it dissolves in ammonia as easily as phenylic alcohol. 

Cresylic alcohol is decomposed by repeated distillation, a portion being apparently 
converted by the oxidising action of the air into hy<lrate of phenyl, C*'H'‘0 ; but in an 
atmosphere of hydrogen it may be distilled any number of times without alteration. 
Strong nitric acid at ordinary temperatures attaclcs it with explosive violence ; but 
when treated with well-cooled nitric acid, it yields a red solution containing tri nit ro- 
cresylic acid, C’I1®(N0*)®0, homologous with picric acid. With dilute nitric acid 
it forms only a brown tarry mass (Fairlio); according to Buclos, the product is 
monoiiitrocresvlic acid. With strong sulphuric acid^ cresylic alcohol becomes 
rose-coloured, and forms sulphocresylicacid, C^fPO.SO*. pentacMoride of 

phosphorus^ cresylic alcohol yields chlorideofcresyl, C^H^Cl (boiling at 197^C.), and 
phosphate of cresyl, which latter is converted acetate of pottissiuni into acetato 
of cresyl, and when distilled with ethylate of potassium ^ yields cresylato of etliyl 
C^IF.C^H*.0, and phos})hato of potassium. Mixed with an equal bulk of strong 
potash-Uy, it forms, in the course of 24 hours, a fow small crystals, apparently con- 
sisting of cresylate of potassium, C^H’KO (Fairlie). In contact with chloride 
of calcium or chloride of zinc^ it appears to be converted into phenylic alcohoL 
(Gladstone, Chemical Newa^ ii. 08.) 

Cresylic alcoliol, treated with potassium or sodium, gives oflf hydrogen and forma 
a brownish mass, which, on cooling, solidities to a mass of slender needles of cresylate 
of potassium or sodium, difficult to purify by crystullisution from ether (Du clos). 
Cresylate of sodium treated with inonochloracciic acid yields cresoxacotic acid. 
(Heintz, p. 207.) 

Derivatives of Cresylic Alcohol, 


IVitrooresyllo Acid, C'H’NO^ = 0.— Wlien very dilute nitric acid 

is grjidiuilly added to an aqueous solution of cresylic alcoliol heated to 60® or 70® C., 
the liquid acquires an aromatic odour and yellowish-brown colour, without giving off 
rod vapours, and ultimately deposits nitroercsylic acid in oily drops, which sink to 
the bottom of the vessel; they are w'ashed with water and dried in vacuo. 

Nitrocrosylic acid is ayollowish-browii syrupy liquid, inodorous, bitter, easily soluble 
in alcohol, colours the skin yellow. It apjiears to unite with alkalis. (Duel os, loc. cit.) 

Blnitrocrcsyllo Acid, CTI®N=0* « O.— This acid is prepared, not 

directly from cresylic alcohol, hut by the action of nitric acid on sulphocresylic acid. 
A solution of 1 vol. sulpliocresylic acid in 6 or 6 vols. water, or an equally dilute 
solution of cresylic alcohol in a small quantity of sulphuric acid, is heated with a 
small quantity of nitric acid diluted with it-s own bulk of water; the liquid is filtered 
from a resinous body which separates ou cooling; and the filtrate is heated to boiling 
with addition of nitric acid. Dinitrocresylic acid then separates as a yellow oil, 
which dissolves in alcohol, hut does not crystalli e by evaporation. When slowly 
heated, part of it appears to sublime undecornposed ; when quickly heated it detonates. 
(Duclos.) 

JHniirocresylate of Ammoniurn is easily soluble, but difficult to crystallise. (D u cl os.) 

Triultroeresylio Aold, C^IPN^O' — O.— Discovereil by Fairlie, 

more fully investigated by Duclos. Homologous with trinitrophcnic or picric acid. It 
is obtained — 1. By adding fuming nitric acid in small portions to coal-tar ert^osote con- 
taining cresylic alcohol, in a vessel surrounded with ice. The liquid then assumes a 
deep red coloiu*. and after the addition of a volume of nitric acid equal to that of the, 
creosote, separates into two layers, the upper deep red, the lower black and tarry; 
the upper contains the trinitrocresylic acid (Fairlie). — 2. By heating a dilute solu- 
tion of sulphocresylic acid with nitric aci^ filtering from the resinous body which 
separates, again heating the filtrate with nitric acid, and evaporating. The dinitro- 
cresylic acid which first separates, is then converted, by the continued action of the 
nitrie acid, into trinitrocresylic acid, which is found, together with oxalic acid, in the 
crystalline residue obtained on cooling. The oxalic acid is removed by washing, and 
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the trinitrocr^Uc acid maj be 1^9 fortii % lolution in alcohol 

and evaporation in vacuo. (Pucloa.) 

Trinitpocresylic acid ciystallisos itt ySSfew n&6dli6^ aoluble iii 449 pts, of water at 
20° C, and^ 123 pts. at 100<^ (less tolublo therefore than picric wid). The solution 
has a fine yife||jow ceteur, reddens litmus, and imparts a yellow st^ to wool and silk. 
It dissolves alcokol^ ether^ and benzene. It is separated from its ^ueons solution by 
most mineral acids, but dissolves in excess of nitric acid more easily in water. 
When heated a little above 100^0., it melts to a reddish-yellow oil, which ao}|difies in 
the crystalline form on cooling. At a higher temperature it deflagrates picrio 
acid. (Duclos.) * 

With solution of chloride of lime, or with hydrochloric acid and chloit^ of potai^uin, 
it emits the odour of chloropicrin. (Duclos.) 

Trinitrocresi/late of Ammonium^ ^ | crystallises in y€|ll9^;|fe^es 

easily soluble in water, less easily in alcohol; they deflagrate when heateit^^^clpg^) 

TrinitrocrtaylatG of Lcadf C'^il"Pb''(NO=')‘*0‘‘*.Pu"0. — When a boiling dxlutfi|^tion 
of acetate of lead is mixed with trinitrocresylate of ammonium, this salt separa^tfrom 
the filtrate on cooling in inicrosc.'opic needles which are moderately soluble itt Water, 
and detonate when lieated. (Duclos.) 

Trinitrocresylate of Potassium, C^H^K(N0*)*0, crystallises in small oranj^r^ 
needles which are moderately soluble in water (Duclos); sparingly soluble in colcil, 
easily in hot water (Fairlio), and detonate strongly when heated. (Duclos.) 

Bulplioereayllo or Creaylaulpliurlo Acid» C^IPOISOI — First obtained by 
Fairlic; further examined by Duclos. Not known in the free state. Cresylic alcohol 
is mixed with strong sulphuric acid, the liquid left to stand- for about 24 hour? at 
about 60® C., and then mixed with water, which does not sefttirate any oil-drops. Tliig 
liquid, saturated with carbonate of lead or carbonate of barium, and carefully evatHi* 
wied, at last in vacuo, yields the corresponding sul phoeresy lates. 

The barium-salt, C*'Il*‘Ha''0‘-.280*, is colourless, amorphous, and easily decom- 
posible. The lead-salt^ C“H'‘I*F'0^2SO^ gradually dries up to an amorphous, 
colourless mass, which decomposes at 140° 0. 

CSICBTOlfZTB. A variety of titaniferous iron, found at St. Cristo|lbe,. Hear 
Orsans, in the D4partement d’lsire (Dauphin^), and regar led as a subspacxes of 
Umenite (q, v,) 

CBZSPZTZS. Syn. with IIutile. 

OBZTKMVM ASABZTZMUXII. Sea-fmnel, An umbelliferous plant, growing 
on the sea-shore, containing volatile oil and free acetic acid. (Lavini, Geiger’s 
Hagaz. iv. 118. 

CBOCBTnr. See Ckococ. 

CXOCZV • or — The colouring matter of Chinese yellow 

pods, the fruit of (xardenia grandiflara. Discovered and partly exan|t$|^ by Mayer 
in 1868, more particularly by Kochleder (J. pr. Chom. Ivi. 68), it tia 

identical with a substonce which Quadrat obtained in an impura 
and to which he assigned the formula 

^ To prepare crocin, the crushed yellow pods are boiled with alcoh^ ; 

Hquid is filtered, and the alcohol evaporated; the remaining Hguftows 

deposits a liquid fatty acid and a crystalline substance, is filtered, 

and mixed with a l^e quantity of hydrate of alumina) the liquS; iSer 

standing for several days, is i:>recipitdtod with basic acetate of lea l ; the 

S itate is quickly collected on a filter, wtished, suspended in water;; aild 

with sulphj|dric acid, the colouring matter then separating, togeteer iiraa^h<> 
sulphide of lead; 4he precipitate, after washing with water, is well boiled ^‘fli al^hol; 
and the filtrate is loft to dry up in vacuo over sulphuric acid. The rosiduells then dis- 
soived in a small quantity of water, filtered ftom a small quantity ofnepanjitedBulphor, 
Hud again evaporated. f 

Crocin thus prepared yields, by trituration, a bright red powder, easily soluble in 
water and in alcohol, the solutions having the colour of dissolved chromic acid, and 
foTOing an orange-coloured precipitate with lead-salts. The concentrated aqueous 
solution mixed with strong sulphuric acid assumes first an indigb-bluc, then a vioieJ 
TOlour. The dilute aqueous solution boiled with dilute sulphuric or hydrochloric acid, 
IS resolved into eroeetin, which separates on cooling if the solution is not too dilute, 
and a coloirfess uncrystallisable sugar (amounting to 28*2 per cenit of the crocink 
which remains in solution : . 

2C®H^O'* + 6H*0 « + 2C**H**0** 

Cwcin* Crocolio, Sugar. 
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CroeeUn, po the crocin should 

be boiled with the itcid in an a^ilKJsjpheJM# ^drogen or cai'boDic acid, as both crocin 
and crocetin easily absorb oxym; > ' - >y- 

Crocetin is a daric red amorphous powder, alii^tly soluble in water, easily in alcohol. 
It turns blue in ^phurio acid, like crocin. Its solution fornuf a yeUoar precipitate 
vith kad^salts. Stuffs mordanted with tin-salt acquire, by boiling in a solution of 
crocetin, a dingy greenish yellow colour, which by treatment with ammoniacal water 
is conrerted into a brilliant yellow colour, unaltered by light and air. The yellow 
robes of the Chinese mandarins are dyed with the fruit of the Gardenia, (Handw. i 
Chem, uV 2?* Aufl. ii. [3] 226.) 

^ CBObXDCl^XTB (from KpoKts, woof), A silicate occurring in asbestos-like fibres, 
also massive, in the Griqua country, beyond the Orange riTor, South Africa, and in the 
of Wakenbach in the Vosges. Specific gravity = 3’2— 3*266. 

Colour and streak, lavender-blue to leek-green. Opaque. Fibres 
soiW^at.eiestic. Melts easily before thfe blow-pipe to a black, shining, opaque, soiue- 
whal firothy glass, attracted by the magnet. Single fibres melt in the fiame of a spirit- 
' larapJi;- With borax it forms a green transparent bead, changing to brown on addition 
ofm^. 

Analyses: a. from Africa, by Klaproth (Beitr. vii. 237); h. from Africa, by 
Strom eye r (Pogg. Ann. xxiii. 163); <?. from Wakenbach, by Delosse (Ann. Min, 
[3] X. 307). 


SiO* 

FoO 

MnO 

MgO 

CaO 

Na=0 

K^O 

H»0 

Cl 

I«0». 

a. 60*0 

40*5 

— 

— 

1*5 

6*0 

— 

3*0 





b. 61-22 

34-08 

0*10 

2*48 

0*03 

7-07 

— 

4*80 



e. 63-02 

26-62 

0-60 

10*14 

1*10 

6*69 

0*39 

2*62 

0*51 

0*17 


From these analyses, Bammelsber^ (Miiur alchemic, p. 476) deduces the formula 
7M*0.9SiO* + (14 . . . . 3)H’^0, Taking the larger amount of water, and supposing 
2 at. to bo basic, this fonnula may be reduced to (M‘ ‘H^)Si*0*’ + aq., or OR’^SiO* + aq., 
which is the formula of a metasilicato. The mineral is perhaps formed from soda- 
hornblende (arfvedsonite), by abstraction of lime. • 

A somewhat similar mineral occurs at Stavern in Norway. 

CBOCOZSXTXa. Native chromate of lead (i. 934). 


CROCOnrzc ACZB. C^H^O* = (C*0»)".mO'^.— (L. Omelin [1825], Pogg. Ann. 
iv. 37; Handbook, x 388. Liobig, Pogg. Ann. xxxiii. 90. Heller, J. pr. Chora, 
xii. 230; Ann. Ch. Pharm. xxiv. 1; xxxiv. 232. Will, Ann. Ch. Phorm. cxviii. 
177.) 


When the compound of carbonic oxide and potassium, obtained by passing the city 
eas over melted potassium, — or, as a secondary product, in the preparation of potassium 
by hoatiutt eMrJ)onate of potassium with charcoal — is immersed in water, inflammable 
gas is evoTri^ lind a strongly alkaline yellowish-rcd solution is formed, which, when 
left to evapii^^it a, gentle lieat, becomes pale yellow and deposits long yellow noe<lles 
of crbconate^^ potassium, while oxalate of potassium remains in the mother-liquor. 
These t^ ^ts are not, however, the immediate products of the action of air and 
water of potassium and carbonic oxide, their formation being pre- 

ceded/l^l^t of « red salt, the rhodizonate of potassium, the solution of which de- 
dnrbikg evaporation, into croconate, oxalate, and probably also carbonate of 
potasdq^ The relations between these several products are not exactly known. 
.^^JuJj^Tnass produced in the preparation of potassium should be exposed to the 
BiMor Mvejial weeks before it is dissolved in water; it then gradually acquires a red or 
yellow colfior and dissolves in water without explosion ; but if it "has been exposed 
to the air for a few hours only, it takes fire in contact with water (because it contains 
free potaiwiuil), and produces a violent, explosion which shatters the vessel. 

Crocohic acid is' obtained in tlie free state by digesting the potassium -salt with a 
mixture of 8ut](jhuric acid and absolute alcohol for several hours, then filtering, and 
leaving the solution to evaporate. 

It cannot bo conveniently prepared by decomposing the load-salt with sulphuric 
fleid, M the decomposition is never complete, or by decomposing the lead or copper 
salt with sulphuretted hydrogen, as in that case peculiar sulphur-compounds are formed 
which are troublesome to separate. 

Croconic acid ciystallises in anhydrous, orange-yellow, transparent prisms and 
granules ( Gm el i n) ; in golden -yellow laminae or granular crystals containing 
' ^ SH-^O, which become opaque and crumble to a yellow powder when left 

overtoil of vitriol, and more quickly when heated to 100'^ C. (Will). It is ino* 
uorous, strongly ticid taste, and reddens litmus. It dissolves easily in watCK^ 
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laming a y^ow solution^ which gradually becomes colourless ; easily aiso in aiconoi, 
(Omelin.) 

Croconic acid is not altered by a temperature of 1^0*^ C., but .when more strongly 
heated, it gives off white and yellow irritating vapours and leaves a small quantity oi 
easily combustible charcoal. In combination with potiish it is quickly decomposed 
by permanganate af ^toisiitm in presence of sulpliitric acid, being entirely converted 
into carbonic acid; ill,) 

The solution of the potwsium-salt is completely decolorised by nitric Mcid and by 
chlorine (Gmelin, Lie nig), with evolution of nitric oxide free from carbonic acid in 
the fbi^er ca8e(Gmelin, Will), without evolution of gas in the latter (Will). In 
both casea a new acid, leuconicacid, is produced : 

+ 0 + 3H*0 « 

Croconic Leiiconlc 

acid. acid. 

The crocon ates, OWO^f are yellow (hence the nanie of the acid). Many of them 
are anhydrous (W i 1 1). They decompose below a red lieat, with glowing and sparkling, 
giving off carbonic oxide and carbonic anhydride, and leaving a mixture of charcoal 
and metallic oxide, carbonate pr metal. They witlistand the action of air and light, 
even their aqueous solutions not being altered by exposure to the air. Tlie eroeonatea 
of the alkali-motals and some others are solulde in water ; they all dissolve with decom- 
position in nitric acid (Did, sup.) Sonic of the croconates of the heavy metals are 
Bo\\y\Ac in alcohol Mid ether. (Heller.) 

Croconate of Aluminium. — Yellow crystals easily soluble in water and alcohol. 
(Heller.) 

Croconate of Ammonium. — Reddish-yellow needles soluble in water and alcohol. 
(Heller.) 

Croconates of Antimony. — Croconate of potassium added to a solution of tri- 
chloride of antimony in hydrochloric acid forms a i(Mnon-yeJlow precipitate, soluble in 
excess of chloride of antimony. (G m e 1 i n.) 

Croconate of Barium, 2C*Ba"0* + SU'D (Will).— Y(‘now pulverulent precipi- 
tate, insoluble in water and in alcohol (Gin el in). Does not give off its water at 200®0. 
(Will.) 

Crocownife o/ 7?/^ wz/M,— Lemon-yellow precipitate soluble in excess of nitrate 
of bismuth (G m el in). Contains 65'(>8 per cent. (ITeller.) 

Croconate of Cadmium. — Yellow pulverulent precipitate, somewhat soluble in 
water and alcohol. (Heller.) 

Croconate of Calcium. — Ivomon-ycllow CTystals sparingly soluble in water and 
alcohol (Omelin). They contain C'Ca^O* + SH-'O, and give off their water com- 
pletely at 160'=' C. (Will.) 

Croconate of Cohalt. — The potassium-salt mixed with ,nn aqueous cobalt-salt 
yields, after a few hours, dark-brown transparent crystals, with beautiful violet reflex ; 
soluble in water and alcohol. (Heller.) 

Croconate of Copper, C'CirO* + 3IPO, is deposited in prismatic crystals on 
mixing the hot solutions of croconate of potasaium and cupric chloride. The crystals 
belong to the trimctric system. Dominant form, ooP, with the faces ooPw. Incli- 
nation of ooP: ooP in the brachydiagonal principal section = 108®. Cleavage 
parallel to ooP, The crystals have a fine deep blue colour by reflected light, and 
appear orange-coloured by transmitted light. Tliey give off 13*8 per cent. (*. 2 at.) 
water at 100'^ C., the remaining atom not being given off till the salt is heated to a 
temperature at which it und^tg^s complete decomposition, giving off carbonic oxide and 
carbonic anhydride, yielding art acid distillate, the latter portions of which form a black 
precipitate with nitrate of silver, and leaving a residue of copper and charcoal. The 
salt, heated in the air to a temporature below redness, burns with a glimmering light 
and slight sparkling, leaving first a red powder of metallic copper, afterwards cupric 
oxide. Fuming nitric acid sets it on fire with vivid sparkling. 

Croconate of copper dissolves vepr sparingly in cold water, rather more in boiling 
water, forming an acid solution, which forms with potash a blue precipitate soluble in 
excess of the alkab'. Ammania produces a similar reaction, and likewise dissolves the 
crystals. The aqueous solution forms but a slight deposit of copper upon iron, unless 
hydrochloric acid is also present. (Gmelin.) 

Croconatee of Iron. — Croconate of potas-sium forms with aqueous ferric chloride 
a clear black mixture, which in thin layers exhibits a garnet-red colour (Gmelin): 
it deposits Jhdistinct, very dark-coloured cry.stals, solubh' in water and alcohol 
(Heller). potassium-salt added to /irroiw sulphate forms a doj^ yellowish 
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lininU afterwords deposita brown flakes, changing, after some hours, to dark 

kiirn ervstals. blue by reflected light ; they resemble the copper-salt in^form, and ard 
eoTuble^ water and alcohol (Heller.) 

Croconat^of Lead,~-O^V\rO^ + 2WO iyT\\\\ is obtained by pouring, first acetic 
acid, then a hot dilute solution of acetate of lead, into a solution of croconato of po-^ 
tassitim. It is a micaceous, golden -yellow precipitate, which gires off its water at 
180° C. (Will.) 

Croconaie of M agues iuin.---T)s,rV brown prisms. (ftellop.) 

Croconaie of Manganese, — ^By eT.aporating the acid with manganous acetate, or 
leaving the potassium-salt for some time in contact with manganous sulphate, dingy 
yellow crystals are obtained, having a faint blue reflex. (H eller.) 

Croconaie of Mercurg, — The potassium-salt added cither to morcttiic or mer- 
curous nitrate, forms a yellow precipitate. 

Croconaie of Nickel, — By evaporating croconic acid with sulphate, of nickel 
light brown grains are obtained, soluble in water and alcohol. (Heller.) 

Croconates of Potassium, a. Neutral, C^K'^0* + 2H“0. — Prepared by cau- 
tiously dissolving in water the black mass obtained ns an accessoiy product in the 
preparation of potassium, — filtering, — concentrating the filtrate over the water-hath, 
and leaving it to crystallise, — pressing the yellow needles thus obtained, — and re- 
en’stiillising from hot water (G melin). Crystallises in slender noodles or prisma 
of an orange yellow colour, which effloresce and give off their water at a temperature 
considerably below 100° C., or when treated with oil of vitriol, and become lemon- 
yellow. At a high temperature the salt carbonises, l^itric acid and chlorine 
decolorise il and convert it into leuconato of pota8.siuin (p. 108). It is moderately 
eoluble in water, especially in hot water; insoluble in absolute alcohol. The afjueoua 
Bolutioii reduces chloride gold when hoatwl with it; with mercuric chloride it forms, 
after a while, a white precipitate, probably consisting of culouiel, 

/8. Acid salt, O^HKO.C^H^O* + 2H®0. — Obtainetl by adding to a solution of fcho 
neutral salt, a quantity of sulphuric acid, not sufliciont to decompose it comphitely, 
Foniis prisms more deeply coloured than the neutral salt, and having an acid reaction. 
(Gmelin.) 

Croconaie of Silver, C’^Ag^O* is precipitated in aurora-red flakes, insoluble in water. 

Croconaie of Sodium, obtained by neutralising the acid with c.-irbonuto of so- 
dium, forms rhoinboi'dal prisms less deeply coloured than the potassium-salt, and 
containing water of crystallisation. Very soluble in water, sparingly in alcohol. 
(Heller.) 

Croconaie of Tin. — The potassium-salt, added to a solution of stannous chlorido 
throws down a large quantity of an orange-yellow powder (0 mclin) ; it decomposes, 
with violence when heated, and is sparingly soluble in water (Heller). Stannic 
clduride is not precipitated by croconate of potassium. 

Croconaie of Uranium. — The hyacinth-red mixture of croconic acid or croco- 
natc of potassium with uranic nitrate yields, by spontaneous evaporation, yellowish- 
red, transparent cry.stals, easily soluble in water and in alcohol. (Holler.) 

Croconate of Zinc. — Ciystallino grains soluble in water and alcohol. 

Croconate of Zirconium. — Yellow crystals soluble in water and alcohol. 
(Tl eller.) 

caoCOSLA.lVTHXir. A peculiar yellow colouring matter, said to exist pure in the 
flowers of Crocus liiicus, mixed with other substances in the stigmata of Crocus saiimts 
and Crocus Tnvltifdus, and in other plants. It is a golden-yellow amorphous body, 
of considerable colouring power, easily soluble in water and alcohol, but insoluble in 
ether. It is not altered either by acids or by bases, — a character which distinguishes 
it from other yellow colouring matters, such as xauthiii, &c. ; forms yellow lakes with 
several metallic oxides, and may be fixed on tissues. (Filhol, J. Pharm. [3] xlviii.) 

C&OCXTB. A term applied by the older chemists to many metallic compounds ; 
thus, oxysulphide of antimony (i. 328 ) was called Crocus Antimonii, or Crocus mc^ 
ialloTum; sesquioxide of iron, Crocus Martis and Crocus Martis a^peritivus : cuprous 
oxide, Crocus Veneris, &c.’ 

CMcirs BATZVVfl. See Safpron. 

CRonrSTBDTZTS. Chloromelan, — A hydrated ferrous silicate, containing alsd 
®^a)l quantities of magnesia and manganese, found in a vein of silver ore at Preibram 
ni Bohemia, accompanying pyrite, siderito, calcito, and limonite ; also at Wheal 
I'lan^in in Cornwall, with p3'rite and sidcrite. It crj'stallises in the hexagonal system, 
forming six-sided prisms, with the basic terminal face, generally in diverginjfg;roups; also 
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Teniibna and amorphous. Cleavage basal, very distinct. Colour raven-hUu^. Strei 
dark-green. Opaque, with strong vitreous lustre. Kather brittle,: lumini 

somewhat flexible. Specific gravity =■ 3*3 to 3*4. Hardness « 2*5. ^JWore tl 
blowpipe it swells up a little, and melts on the edges to a blackish -m^^agnet 
slag. With borax and phosphorus-salt it givea the reactions of iron, silica#^SBid mai 

f anese ; with soda^ that of manganese. It gives off v ater when heated m a test-tub 
decomposed by hy^brochloric or sulphuric acid, forming a jelly of silica. 

Analysis^ by Kbbell (Schw. J. Ixii. 199): 

SiO* FeO Fe*0* MgO MnO H^O 

22*45 27 18 86*35 2*88 6 08 10*70 = 103*64, 

agre^g agiroximately with the formula 3(2Fe0.Si0*).2(Fe*0*.3H*0), or 3Fe*Si( 

O&OBS-STOSrS or ClttrCZTXS. Syn. with Chtastolitb (i. 868). 

CROTOIV OXli. Oleum crotonis. — A fatty oil existing, to the amount of about 5 
per cent, in the^seeds of Croton Tiglium, a plant of the EuphorbiacQOUS onler. It i 
usually obtiiined by strongly pressing the bruised seeds between hot plates, — some 
times by digestion with alcohol or sulphide of carbon. 

The properties of croton oil difter to a certain extent according to the mode of pre 
paration. The oil obtained by pressure has a more or less yellow or brown colour 
and u peculiar rancid odour; its taste is mild at first, but afterwards burning. It ii 
somewhat viscid, especially when old, and deposits more or less of a dirty white body 
It is a powerful drastic- purgative, and irritates and reddens the skin. The latter pro 
perty is due to a peculiar oily body, called cro tonal, C“II**0*. The purgative actior 
was formerly ascribed to a volatile acid of tlio oleic series, crotonic acid ; but siib.Ho- 
quent investigations have shown that this is not the case; Ihe exact nature of tli< 
purgative principle is not known. According to Mayer (N. Jahrb. pr. Pharni. x. 
318), a volatile, highly irritjiting substance, which affects tho lining nnunbranes oi 
the noao and mouth, is evolved during the pr<‘asing of croton seeds between warm 
plates ; this substance also remains to be invest igatetl. 

. Hrandes, who first examined croton oil, supiKwed tliat it eonlained a small quantity 
of an alkaloid, to which ho gave the name croton hie ; he obtained it by digestinj^ 
the alcoholic extract of croton 8e(*ds with water and magJiesia. According to Weppen, 
however, this supjwsed alkaloid is nothing but a magnesia-soap of croton oil. 

The most exact investigation of croton oil has been ma<le by Th. Sehlippe (Aim, 
Ch. Pharin, cv. 1). To obtain the oil, the seeds were first pressed between warm 
plates, and tho remaining cake, after being cornminuttsl. was exhausted with alcohol 
of 85 per cent, in a displaconieiit apparatus, so arrang(‘d that the alcoliol which ran 
off could bo distilled back again. After this process haerheen repeated four times, the 
receiver contained two layei-s of liquid, the lower of which was oily, and contained 
14 pts. oil to 1 pt. alcohol, the upper mobile, containing 23 ids. alcohol to 1 pt. 
oil. The residual mass, still saturated with alcohol, was pressed, and yielded a con- 
BideraVde quantity of oil surmounted by a layer of alcohol. From this and tho pre- 
ceding portions tho alcohol was distilled off. lu this manner four portions of oil were 
obtained. (1.) The portion obtained by warm pressure; (2.) That udiich was dis- 
placed and dissolved by the alcohol; (3.) That di.splaced by the alcoliol but not dis- 
solved, forming file lower layer above mentioned; (1.) Tho portion expr(*ssed from tha 
residue. Of these the second exerted tho .sti-ongest irritating action on tho skin; this 
action was much weaker in the third, and weakest in the first and fourth. 

Croton-oil obtained by pressure was found to contain stearic, palmitic, myristic, anti 
lauric acids, two acids of tho oleic series, whose formiihe lay between C”H”0'^ and 
— also crotonic and angelic acids, together with glycerin and other sub- 
stances. ^ 

The alcoliolic extract of croton -seeds, diluted with water and evaporated to remove 
the alcohol, became turbid on cooling, and deiKisitcd a dirty yellow crystalline body, 
which has not been further examined, but is perhaps the purgative principle of tho 
seeds. This body is decomposed during the saponificatiou of croton oil, and yields 
a peculiar black resin {vid. sup.) 

CSOTOlffZC ACZ1>. C^IHO* « C^H^O.H.O, or C^IJ^O*. (Pelletier and Ca- 
ventou, J. Pharm. iv. 289. — Caventou, ibid. xi. 110. — Buchner. RciM>rt. Pharm. 
xix. 185..~-Schlippe, Ann. Ch. Pharm. cv. 1.)— This acid, which belongs to the 
oleic series, C"n‘^*0*, and occupies the intermediate place between acrylic acid 
aiKi angelic acid, C*H*0* is obtained by tho saponification of croton oil. The 
oil extracted by pressure vp saponified with sodk-ley ; the alkaline liquid is treated 
with comtnon sal^ which separates a soap containing palmitatc, stearate, myristate, 
and laurate of sodiun^ leaving crotonate and angelat-e in solution ; this soap is washed 
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with bHne ; the mother-liquor, together with the washings, is supersaturated with 
tartarifi.^d. It then becomes colourless and deposits yellow flocks, — a product of 
the deO&l> 08 ition of the supposed purgative principle mentioned in the last article, — 
which together to a black resin. The filtered liquid is then distilled; the dis- 
tillatei^htaining crotonic, angelic, and hydrochloric acid, is neutralised witli baryta, 
and evaporated to dryness ; and the residue is again distilled witl^ dilute tartaric acid. 
Crotonic acid then distils over first, together with w'ater, and afterwards angelic acid 
cryst:^illises in t])e neck of the retort. The saturation of tlio liquid distifiate with 
hiiryta, and tlio decomposition by tartai-ic acid, are repeated till the distillate no 
loii'^er contains hydrochloric jicid; tho liquid is then finally ncutrulisod with har^^ta; 
the^cxcess’ of baryta removed by carbonic acid; the filtrate evaporated to dryness; 
and the residue decomposed by lieating it with strong phosphoric acid. As the liquid 
cools, the crotonic acid rises to tho surface, and may be separated by means of a 
pipette. 

Crotonic acid is a colourless, oily liquid, having a somewhat pungent odour and 
an acid taste. It dissolves with moderate fiicility in pure water, but is insoluble in 
saline water, "^en carefully heated with hydrate of potassium, it gives off hydrogen 
and forms acetate of potassium : 

+ 2KHO c= 20m='K0* + 

The croton a tes are inodorous. The potasshmi-salt forms rhomboidal prisms, 
permanent in the air, sparingly soluble in alcohol of specific gravity 0*85. Tho harhuii- 
yiilt is very soluble in water and in alcohol, and separates by concentration in nacreous 
crystals, the powder of which excites powerful irritation in the throat. The niaync- 
tifuDi-salt is granular and sparingly soluble in water. 

Ci’otonate of ammonium forms a cream-coloured precipitate with ferrous sulphate; 
white with silver and had salts; bluish- white with salts of copper. It does not pre- 
cipitate ferric sulphate or chloride of mereuiy. 

CR0T0ir03b. CH' W (Th. Schlippe, Ann. Ch. Pharm. cv. 1.) — Contained in 
eTX)ton oil. To pr(‘pai‘o it, the oil is shaken up with a quantity of alcoholic soda sufH- 
ei<'nt to fonn a milk ; the mixture is gently heated for some hours ; water or brine is 
added ; and the oily layer which thou rises to tlie surface, is completely removed by 
repeated filtration through w'ct filters. On mixing the filtrate W 7 th W’atcr and liydro- 
elilorio acid, another oil separates out^ which is dissolved in cold aJcoliol, digested witli 
liydrate of lead, till its acid reaction is neutralised (whereby a flocculent precipitate is 
fdrnKHl which afterwards coagulates into a gi’casy mass), then mixed with a little soda 
and a large quantity of water. The milky liquid thereby prmluccd becomes clear after 
a w'hile and deposits an oil, wliich is to be washed with water, then dissolved in ether, 
aJid the ethereal solution again washed with water, and evajwrated in vacuo. It then 
leaves crotonol amounting to 4 per cent, of the oil, 

Crotonol forms a colourless or faintly yellow viscid mass of the consistence of tur- 
pentine. It has a faint peculiar odour, and is the part of croton-oil wliich irritates 
tile skin, not the purgative principle. 

It cannot be distilled without decomposition, even in vacuo or in a stream of 
carbonic acid gas. When distDled with water, either pure or containing sulphuric 
acid, it yields first a colourless, then a black oil, which cannot be distilled af’'200^ 
even in vacuo, and leaves a black resin which forms with alcohol a terbid solution 
precipitablo by acetate of lead. A solution of crotonol in absolute alcohol does not 
form crystals with ammonia. Crotonol does not coinbino witli acid sulphite of sodium. 
With molting sodimn it gives off gas with violence, then becomes thicker and resinous. 
By boiling with caustic potash or soda, it fonns a brown resin which no longer reddens 
the skin. The alcoholic solution of crotonol does not precipitate metallic salts, 

CROTOXmrZiEZI'li. See Addenda (p. 965)., 

CROITPl OZE. Toloudva o?7. — A fatty oil obtained from the seeds of Carapa 
Toloudna, a tree twenty feet higli, growing on the Gold Coast. The seeds are first dried 
and smoked, then bruised, boiled with water, and tho oil which separates is collected. 
I he oil has a bitter taste, apparently due to the presence of a foreign basic substance, 
and a repulsive odour; it dissolves completely in ether, but is separated by alcohol 
into two parts, the solid portion, toother with the basic substance, dissolving, while a 
liquid oil remains undissolved. Croupi oil is used by the natives of the West Coast 
ot Alriea for burning, and as a remedy against intestinal worms. 

CROwxr OX^ass. See Glass. 

CRirczXiXTE. See Staubolitb. 

^ CRUCZTB. Syn. of Chiastolitb (i. 868), 

The shells of cnistseea contain oigi^O inorgftnic mntter in 
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QMrly equal quantities, the inorganic portion consisting mainly of carbonate of ^Icium 
with a smaller quantity of phosphate. Fr^my (Ann. Ch. Phys. [3] xliii 47) found 
in the shell : 

Ca>PW CaCO». Organic matter. 

Of the sea-crab , . .6*7 49 0 44*3 

Of the land -crab . . .6*7 66 '8 36*5 

The organic portion consists mainly of chitin (i. 874.) 

CXTOUTS. Native fluoride of sodium and aluminium, SNaF.APF®. Found in 
large quantity at Evigtok, in the Arksut-fjord, in West Greenland, where it forms a 
bed 80 feet thick and 300 feet long ; also, witli chiolite, lithia-mica and fluor spar, at 
Miask, in the Ural. Crystallises in the dimetric system. Specific gravity = 2*9 - 
3*08. Hardness *= 2*5. Colourless and transparent when pure. At the surface of 
the bed just mentioned, the mineral is white, but below the surface it exhibits a con- 
tinually darker colour, and at last almost black : the colour is, however, destroyed by a 
moderate heat. Cryolite melts below a red heat and forms an opaque glass on cooling. 
It is very slightly soluble in water. It is used for the extraction of aluminium, and 
also for the preparation of caustic soda for soap-boiling. (See Aluminium, i. 167.) 

CR7PTZBXN1S. C‘'II"N. An organic base contained in that portion of the 
bases from coal-tar (y. t;.) which possesses the highest boiling point (above 274° C.). 
It has not been obtained pure, its composition having been determined only by tlie 
analysis of the fdutinum-Siilt, which crystallises in yellow needles. It is homologous with 
chinolinc, C’**n*N, and lepidine, (C. Gr. Williams, Chem. Gaz. 1856, 283.) 

C&TPTOBZir. An organic liquid, found together with brewstolin (i. 663) in 
cavities of topaz, chrysobcryl, quartz-crystals from Quebec, and ametliyst from Siberia. 
The two liquids sometimes occur in the same cavities, but they are not miscible. 
Cryptolin, when exposed to the air, speedily Imrdens into a yellowish, transparent, 
resinous body, not volatilisable by heat, or soluble in alcohol or in water, but dissolnng 
rapidly and with effervescence in sulphuric acid. Nitric and hydrochloric acid also 
dissolve it. Index of refraction nearly the same as that of water. (Dana, ii. 471.) 

CRTPTOZiZTIi (from Kpvvros, concealed). Native phosphate of cerium, Ce*P*0*, 
discovered by Wohler (Ann. Ch. Pharm. Ivii. 268) in the rose-coloured apatite of 
Arendal in Norway, from which it is separated by diswlving the apatite in nitric acid, 
the eryptolite then remaining undissolved, in very small hexagonal crystals. (See 
Phosphates.) 

CBYSTAUiXN', or Globulin. An albuminous substance, contained in the crys- 
talline lens of the eye, and supposed by Berzelius to be identical with the albuminoi’i 
constituent of the blood-corpuscles. (See Globulin.) 

CRYSTAXiXinrB. An old name for aniline or pbenylamine, 

CRYSTABliZBATZOBr. A crystal is a solid body, bounded by plane surfaces, 
disposed according to a regular law of symmetry, the form thus produced being essen- 
tially related to the compsition and properties of the body, so that the minutest par- 
ticles into which the body can be mechanically divided exhibit either the same form, or 
one related to it by determinate laws. This essential connection between form and 
composition distinguishes a crystal from a regular form artificially produced, as by 
carving or modelling. All ciyatals cleave in certain directions more easily than in 
others, and all, excepting those which belong to the regular system (see Chystallo- 
oaaphy), refract light doubly. 

To enable a body to assume the crystalline state, its particles must pssese a certain 
freedom of motion: hence, the fluid state is for the most part, an essential preliminary 
to ciystallisation. Sometimes, indeed, an amorphous solid — that is to say, one which 
has no definite structure, either crystalline or organised — passes spontaneously into 
the crystalline state without previous liquefaction. This is the case with plastic sulphur, 
vitreous arsenious acid, and barley-sugar, which gradually change from transparent 
amorphous solids to opaque aggregates of minute crystals. But generally speaking it 
is in the passage of a body from the liquid or gaseous to the solid state that the regular 
and symmetrical arrangement of the molecules takes place, which constitutes crystalli- 
sation. The vapours of many substances, when they come in contact with cold surfaces 
pass at once to the state of crystalline solids, e. g. sulphur, iodine, benzoic acid, arso- 
nious acid, camphor, &c. It is, however, in the transition from the liquid to the 
solid state that crystallisation most frequently takes place. If the body hais been 
. bifOUght into the liquid state by the action of heat alone, it may be made to crystallise 
^v i(XM>ling, e.g. bismuth, sulphur. To obtain definite crystws in this manner, the 
liiraid naass is allowed to cool only till a certain portion near the surface and in contact 
wi%the sides of the vessel has become solid, a hole being then pierced in the emstf 
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and the vessel inverted, so that the portion which still remains liquid may run out 
(i. 590). A solid body dissolved to saturation in a hot liquid may also be made to crys- 
tallise by cooling; e.g. sulphur from solution in sulphide of carbon ; nitre or alum from 
solution in water. The crystallisation of a solid from solution may likewise be effected 
by removing the solvent, either by evaporation, or by adding another substance with 
which the solvent h^ a greater tendency to unite tlian with the substance previously 
dissolved in it ; in this manner, chloride of sodium crystallises from its aqueous solution 
on addition of chloride of calefum ; nitre from its aqueous solution on addition of 
alcohol ; iodine from solution in hydriodic acid on the introduction of a small quantity 
of chlorine. 

The more slowly the liquefied body is brought back to the solid state, and the more 
the liquid is kept at rest, the smaller is the number and the greater the size and re- 
gularity of the crystals; but if the solvent be cooled or separated quickly, the crystals 
are numerous but small and ill defined. In the former case, the particles of the solidi- 
fying l)ody have time to unite themselves regularly with those which separate first from 
the fluid and form nuclei of crystallisation; if, on the contrary, the crystallisation takes 
place rapidly, a great number of particles solidify at the same time, each forming a 
iiTicleiia to which other portions may attach themselves, and thus we obtain a number 
of crystals irregularly foj’med and interhicing each other in all directions. In this 
consjsts the difference between sugar-candy and loaf-sugar; similarly, all granular 
and fibrous bodies, such as tufii and fibrous gypsum, must be regarded as collations 
of imperfectly formed crystals. To obtain crystals as large and regular as possible, 
J.eblanc recommends (J, Phys. Iv. 300) to allow a solution not quite saturated to cool 
slowly, so that none but distinct crystals may be formed, then to pick out the best 
foraied of these and lay tliem, separate from one another, in a solution of the same 
salt, wliicli, by gentle warming in contact wdth the salt, luis been made to hold in 
solution a quantity of it just a little OTcater than that which it can contain at the 
ordinary temperature, so that it may deposit this excess on the crystals laid in it. 
This treatment is repeated till the crystals have oldainod the desired magnitude, care 
being taken to turn them frequently, becau.se the surfaces resting on the bottom are 
in a less favourable position than the others for taking up fresh particle.?. The trouble 
of repeatedly preparing a slightly 8uper.?atiiratcd solution may be saved l)y sufipendiiig 
in the upper part of the liquid a quantity of the salt contained in a bag of muslin 
or in a funnel. Irregularly developed ciystals may also be brought to regular sluipe by 
covering the fully developed surfaces with wax, so that only tlie faces w'hich require 
further development may come in contact with the solution. 

The formation of cry.stals takes phico most readily in contact with bodies which 
.Mbstnict heat from the liquid, or to which the crystals can adhere. Hence they 
form on the surface of the liquid, in so far as evaporation and cooling by the in- 
tluence of the air, or adhesion of the air to the erystiils, can give rise to th<‘ir pro- 
duclion; also on the bottoms and sides of the containing vessels, and on .solid bodies 
immersed in the liquid. For the most part, crystals deposit thomselvi's more easily on 
wood and string than on porcelain, glass, and metal ; more easily on porcelain than on 
glass, and generally more easily on rough than on smooth surfaces, becau.se the former 
present a greater number of points of adhesion. When a glass tube containing a crystal- 
lisable liquid is scratched with a glass rod, the crystals deposit thcmselve.s in preference 
on the scratches. Crystallisation is also especially facilitated by introducing into the 
liquid a crystal of the substances previously formed. A solution saturated at a high 
temperature may, under certain circumstances, be cooled down several degrees witliout 
depositing crystals ; but tho introduction of a ciystal of tho substance, causes the whole 
to solidify instantly in a crystalline mass. This phenomenon is easily exhibited with 
(rlauber’s salt (Sec Solutions, Supeksaturatbd.) In like manner, the introduction 
of a crystal of nitre into a solution of nitre and Glauber’s salt, prepared hot and sub- 
sequently cooled, causes the nitre to separate alone; a crystal of Glauber’s salt removes 
only the Glauber’s salt; whereas, if the solution be left to itself, both salts crysttdlise 
out together, tho crystals interlacing each other. (Lowitz.) 

When a solution evaporates below its boiling-point, the first crystals are usually 
deposited on the sides of the vessel at the uppermost surface of the liquid : another 
portion of tho liquid often rises through these, and yields by evaporation new crystals, 
^ich ultimately make their way over tho edge of the vessel. Thi.s is efflorescence. 
Wlion crystals form at tlie bottom of a liquid, a current is produced, because tlie in- 
mvidual crystals take, from that part of the solution with which they are immediately 
in contact, as much of the salt as is possible under the existing circumstances ; conse- 
quently this part of the liquid becomes lighter and rises to the surface, its place being 
a more saturated portion of tho liquid. 

'Vhen a body crystallises from solution in a liquid, and the latter is not completely 
removed by evaporation, there remains a portion called the mother-liquor {Eau 

x2 
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Mrdterlavge). This liquid holds in solution as much of the crystallieing 
body as is consistent with its quantity and temperature. It often happens, espeeiaUy 
when crystallisation proceeds rapidly, and tlie crystalline laminie in the act of uniting 
leave small spaces between them, that small and (even with regard to the same sub- 
stance) very variable qujintities of the mother-liquid remain cndosiHl in tho crystal- 
line mass, forming the Water of Decrepitation. Crystals which contain liquids 
thus enclosed, and do not melt below' the boiling-point of the motlier-liquid, exhibit, 
when heated, the phenoinciia of D eerepi t a t ion, the vapour given off from the mother- 
liquid bursting the crystalline mass with violence. Tliis water of decrejutation, which, 
as an accidental mechanical admi.xturc, has no influence on the form of the crystal, is 
altogether different from the ehemioally-comlaned water which cci-tain crystals contain 
in definite projection, and which is essential to their crystalline form. Common salt, 
crystallised by slow evajioration from an aqueous solution doo.s not decrepitate ; but 
when crystallised by rapid boiling of the liquid, it decrepitates violently. Many forms 
of ealespar decrepitate, others do not. 

If a solution, in addition to tho crystallising substance, likewise contains others 
which are les.s easily crystal lisable, the latter will remain in tho mother-liquid after 
tlio separation of the greater j>art of the former. This circumstance furnislies a 
method of purifying easily crystallisahlo substances by re})eated solntion, crystallisation, 
pouring off of the mother-liquid, washing with small quantities of the cold solvent, and 
pressing between blotting-paper. In this method of purillcation, tho formation of large 
crystals by slow cooling or evaporation is n.sually preferred, because they present fewer 
sui*fiiees, and are therefore more easily freed by washing from the adhering mother- 
liquid. Sometimes, on the contrary, as in tho French method of purifying salt jietre, 
the smallest possible crystals are formed by constant stirring and rapid cooling of tho 
hot solution, because large crystals of this salt contain a greater quantity of mechani- 
cally included mother-liquor, which cannot bo removed by wa.shing. 

It has already been stated that the crystalline form of a body bears an essential 
relation to its nature and composition. Accordingly we find that every substance 
crystallises either in one single form or in a number of forms related to ouch other by 
simjile laws and derivable one from tho other; in otlior words belonging to the same 
crystalline system (see CuysTALj.oGiiAPHT). Many bodies, however, both simple and 
compound, crystallise in two or more forms belonging to different crystalline systems, 
and not derivable one from the other; such bodies are said to be dimorphous, tri- 
morphous, or generally pol)Mnorph ous. (Sec Djmoiipiiism.) 

On the other hand, different substances often crystallise in forms either identical or 
exhibiting only small differences in the inclinations of the corresponding planes. 
When tho forms are exactly similar, the substances are said to be isomorplious, 
when small differences in the angles exist, they aro called horn or o morph ons. 
Isomorphous or homocomorphous compounds exhibit perfect similarity of chemical 
composition ; thus, the alums, which crystallise in regular octahedrons and allied forms 

are all composed accordii.g to the general formula 12aq., where M de- 

notes a monatomic metal, like potassium, and Ka triatomic. metal, like aluminium; 
the magnesian double sulphates, which crystallise hoiucoomorphously in tho monoclinic 
system, are all composed analog«jusly to sulphate of magnesium and potassium 
K'Mg'XSO^)'-* + 6aq. Isomorphous salts are capable of crystallising together in an)*^ pro- 
portion ; in other words, the isomorphous elements which eiilor into them are capable of 

replacing one another in any proportion ; thus, common alum + 12aq., and 

K ) 

iron-alum, p^wl2S0* + 12aq., can crystallise togetlier in all profK)rtionB ; hence it 
is difficult to purify common alum from iron by crysUllisation. (See Isomorphism.) 


CRYSTAXtXiOGltilLPK’V is the science which treats of the external forms of 
crystals, and of the laws of symmetry according to which their faces are disposed. 

Crystals are bounded by pla n e faces. The straight lino in wliich two contiguous 
faces interseetisoallcd an edge; the point in which three or more faces' intersect is 
called an solid angle, or summit of the crystal. 

Slmllat* and Dissimilar Boundaries. Similar faces of a crystal tiro 
those which resemble each other in form and in relative position ; dissimilar, those 
which differ in cither respect. Similar edges are those which are formed by 
similarly situated faces meeting at equal angles. Similar angles or summits are 
those which are formed by the concurrence of similar faces and edges; angles are also dis- 
tinguished as three-faced, foiir-fiieed, &c., according to the number of faces by whicli 
they are formed. The regular octahedron (fy. 140), and the cube (Jig. 160), have all 
their faces, edges *nd angles similar; the rhombic dodecahedron (/g. 161)has all its faces 





fnt’os, fvianffulavfnul roctanpiular; dissiniilar ed^ro.q, v,z. 1, tho^e ioiwod l-y Hie Jiilrr- 
s.rii.)n of two triangular facos; 2, tho.so formod hy two ivdangnlar faros; and .1, 
tlmso formed Ly a triangular .and a r<‘Ctangu!nr face; and dissinnlar angles or sinn- 
mifs viz. two at the extremities of tlic vertical axis, torim d I'V the (•oiicurrence of 
four' similar triangular faces ; and eight others, alsofour-taeed, hutforrnod hy the inter- 
section of dissimilar faces and edges. Angles are also spolien of .-is equa l- or un- 
ennal-cdgcd, according as the edges which meet in them are similar or dissimilai. 
An uncqual-edged angle may also be symmetrical or unsymmetrical, accordnig 
as the dissimilar edges wliich form it fdlow one anoliier in regular order or not. he 
fair-edged angh'S of the double six-sided pyramid {fi/. lo'f) are symmetrical, hut 
those of the six-sided prism with pyramidal summits (fy, 16-1) are uusyimueti'icul. 



®lnipl6 and Complex form* (Combinations'* Simple forms are those 
which contain only similar face.s, e, q. the regular octaTiedron, cube, and rhombic do- 
decahedron 149, 150, 151). Complex forms, or combinations, are those m 
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which dissimilar faces occur (<?. g» figs. 162, 154). A combination is made up of those 
simple forms which would result from the extension of one set of similar faces till the 
others disappear; thus {^fig. 166) is a combination of the octahedron 0, and tlio 
rhombic doaecahedron ooO. If we suppose the O-faces to be extended till they meet, 
the ooO-faces will disappear and the octahedron {fig. 149) will result; conversely the 
extension of the faces o&O to tlio obliteration of the others produces the dodecahedron 
{fig. 161). 

The relation of a complex form to the simple forms of which it is made up may 
also be represented as follows : — Siippposc two or more simple forms, as the cube aud 
octahedron {figs. 166, 167), to be constructed round a common centre, and of such 


Fig. 156. 


Fig. 157. 

I 




dimensions, that certain parts of each simple form shall project beyond the limits of 
the other, then the combination (represented by the shaded portion of the figures) 
occupies that portion of space wliich is common to both the simpld forms, those por- 
tions of each being excluded wliich project beyond the space enclosed by the other. 

In any combination of simple forms, the one whose ffices are most developed, and 
consequently detennine the genei*al aspect of the crystal, is called the dominant 
form; thus in the combination above reprc.sented, the dominant form n\fig. 166 is the 
octahedron and in fig. 157 the cube. The other (subordinate or secondary) faces 
are described according to the manner in wliich they are related to the dominant faces. 

The secondary faces of a crystal may replace either the edg<'s or the angh'S of the 
dominant fonn. Ifan edge is replaced by a face which makes equal angles wdth the two 
contiguous faces of the crystal, it is said to he sy rn m e t r i c ally or p e r p e n d i c u 1 a rly 
truncated; if, on the other hand, the secondary fitcc is unequally inclined to the t\vo 
faces which would form the edge of the crystal, the edge is said to he obliquely t riiii- 
catod. The cube in fig. 158 has its edges perpendicmlarly, that in fig, 159 has them 
obliquely truncated. If an edge of tlio dominant form is replaced by two similar 
faces, as in the cube {fig. 160) it is said to be bevelled. In like manner, a solid angle 
or summit of a crystal is said to bo syiumetrically or perpendicularly truu- 


Fig. 168. 



Fig. 159. 




«0 ^ 




cated when it is replaced by a face which is equally inclined to all the faces compo- 
sing the solid angle; obliquely truncated when the truncating face is ttnequ^y 
inclined to those faces. Fig. 161 is au octahedron with the summits symmetrically 
truncated. Fig. 162 an oblique rhombic prism, in which the solid angle to the right 
above is obliquely truncated by the face + P oo, which is unequally inclined to the 
faces ooP and oP. 

The face which replaces the solid angle is said to he set (or to rest) symmetrically 

perpendicularly on an edge, when it is equally inclined to the two faces forming 
the edge ; obliquely in the contrary case ; in fig. 162 the truncating face -i- P oo is set 
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Fig. 160 . 


Fig. 161. 




BYinmetrically or pi^rpendicularlyon tho prismatic edge to the right, obliquely on the edge 
between oP and ooP to the right in front. The face replacing the solid angle is said 
to he set (or to rest) symmetrically on a face of the j^ig^ 152. 

crystal, when the plane angles which it makes with this 
ftico at the combmation-edge are equal, obliquely if 
they are unequal; thus, in fig. 162, the face + Poo 
is set symmetrically on the hice oP, but obliquely on 
flic face ceP to the right in front 
A solid angle replaced by a number of faces which 
together make a more obtuse solid angle, is said to 
he acuminated. The number of the acumination- 

Fig. 163. Fig. 164. 




fieofl may be equal to, or half, or double of that of the original faces of the summit. 
Thus, the solid angles of the cube, wliicli aro three-faced, may be acuminuted with 
three faces, as in fig. 163, 

„r will, SIT. na in 1 . 16i. 166. 




or with six, as in ^g. 164. ^ ^ -if ^9' 

The six-faced summits of fig. A 

105, which is a form of calc- 
spar (i. 722), are sometimes yY'/ 

r(‘j)laccd by tbree-faced sum- / / / 

mits, as in fig. 166. / H \ u 

In prismatic crystals, i,e, / I I \ u 
siicli as are extended princi- / / / \ ^ 

pally in one direction, the / ! \ \ \\ 

terms bevdling and acvmina^ // I \ \\ 

tion are used to describe the / / / \\ 

conformation of tlie extre- vs. / 
mitios. Fig. 167 is a six- 

sided prism, acuminated at yV III 

each end by six isosceles ^ \ 11/ 

triangles, P, resting s^me* VV \ i / / 

trically on the prismatic NX \ \ I / 

faces. 168 is a quadratic |// 

prism acuminated with rhom- \j/ 

hie faces, P, resting s^mme- ^ / // 

trically on the prismatic 
edges. 169 is a rhombic Y 

prism, whose extremities are 

Mvelled by triangular faces P oo, resting symmetrically on the acute prismatic edges. 


I 
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Fig, 167. Fig* 168. .% 169. 



Axes. In all perfectly developed crystals (with a few exceptions, to be afterwards 
considered as cases of hemihedry), every face, edge, or summit on one side or ex- 
tremity, has an equal and similar fice, edge, or summit opposite to it at the otlier 
side or extremity of the crystal, and if the opposite surnmits, or tho middle points 
of opposite edges or faces * be joined by straight linos, all lines so drawn will cross 
ono another in a single point called tho centre of the crystal. Lines drawn throngh 
this point and in such directions that the faces of tho crystal are symmetrically dis- 
posed with re.spect to them, are called Axe.s. 

Similar axes are those which terminate in similar parts of the crystals; dissimilar 
axes, pch as terminate in dissimilar parts. In the regular octahedron (^//. 170), 
in which all the summits are similar, the three axes xx\ yy\ s joining those 
summits, are likewise similar. In tho double six-sided pyramid (y/y. 171), the horizontal 
axes, which join the opposite four-faced summits are similar to each other, but dls- 
airailar to tlie vertical axis. 

Fig, 170. Fig, 171. 


z. 



Poly-axlal and Mono-axial Forma. Polyaxi al forms arc those in which no 
single axis can bo drawn dissimilar to all tlic rest, c,(j, in the cube and regular octahe- 
dron. Those forms, on the cont rary, in which one or more axes can be drawn dissimilar 
to all the rest, are called mono-axial. If only one such singular axis can be drawn 
in the crystal, it is called the principal axis, the others being called secondary; 
and in describing the cry.stal, it is generally supposed to be placed so that the prin- 
cipal axis is directed from top to bottom (vertically, if it is perpendicular to the secon- 
dary axes). If two or more axes exist dissimilar to all tho rest^ neither can be re- 
garded absolutely as the principal, but it is usual, for convenience, to consider one of 
them as such, generally the one in whose direction the crystal is most elongated. Such 
an axis is called a relative principal axis. > 

In mono-axial forms, the edges and summits through which the principal axis passes 
are called terminal, the others lateral; thus, xafig. 171, the summits A A, and tho 

• The middle point of a plane surface is the same as its centre of (?r.iTffjr; thus, in a trIanRie, it Is the 
point of inlcrsectioa of tho straight lines drawn from the angles to tho centres of the opposite sides. 
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edges AB, &e., are temiitial; the stimniits B and the edges B B, wlaeh join them, 
are lateral. In polyaxial forms this distinction docs not exist. 

Mode of descrtblngr fittmple Crystalline forms. Tlie form of a crystal is de- 
termined by the position of its faces with regard to certain axes given in position. Suj)- 
pose, for example, tliat the crystal is symmetrical with regard to three axes erossing 
one another at right angles, and passing through the same point, vise, the centre of the 
crystal (p. 120); tlien the position of each face of the crystals will bo given by the 
distance from the centre at whicli it meets the throe axes ; and as all the faces of a 
simple form are similar, and similarly situated with regard to the axes, the position of 
this one face will determine the entire form. Thus, if each face of the ciystal meets the 
three axes at etpial distances from the centre, wc shall have a ligiiro bounded by eight 
equal equilateral triangles, viz. tlie regular octahedi-on (/if/. 170); and if the distance 
at which the faces cut the axes be called a, sucli a figure may bo denoted by the for- 
mula, a : a : a, A face which cuts two axes at equal distances from the centre, and 
the third at n times that distance, will in like manner bo denoted by a : a : n a. Jf 
fhc number n be infinite, the face- in question will lie parallel to one of the axes (in 
other words, will not intersect it at any finite distance), niid the formula will become 
a: a: cfi a, A face parallel to two axes is denoted by a : <x> a : oa a. 

ZoneA. A number of faces of a crystal parallel to cither of the axes arc said to 
form a zone, or to lie in the same zone; thus the cube (Jif/. 150) has four faces 
parallel to each^ of the axes passing through the middle pmiits of its sides ; so 
likewise each axis of the regular octahedron, joining the centres of the opposite edges, 
has a zone of four faces parallel to it; the six prismatic faces of the ordinary form 
of rock-crystal (Ji^g. 15-1:), form a zone parallel to tlic vertical axis. The faces of a 
zone cut one another in edges parallel to each otlier, and to the axis of the zone. 

Bolotaedral and Kemiliedral forms. A sim])le form, bounded by the greatest 
number of similar faces that can be arranged in diflTereiit directions round the com- 
mon centre, is called a holohodral (fully developed) form; thus, the greatest num- 
luT of faces tliat can meet throe rectangular axes at equal distances from the point of 
intersection is eight, the resulting figure being tho regular octa hod 7’on (/V/. 170), which 
is tliereforo a holohedinl form ; but four such faces are siifiicicnt to form a closed figure, 
viz. tho regular tctr.'ihedron (Jig. 190). Such a form, enclosed by only half the num- 
her of faces that might be drawn round the centre, according to the law wliicli deter- 
mines their position, is called a homihedral form (half- developed). Simple forms 
iiiso occur, containing only one-fourth of the number of faci'S that might exist accord- 
ing to the given law of symmetry ; such forms are cjilled te tartohedral. 

Simple Crystals and l^wln Crystals. Holohodral crystals, whose faces are all 
symmetrically disposed about .a single system of axes arc called simple crystals (an 
expression not to bo confounded with sinfplp for7u). Crystals arc, how'cver, frequently 
met witii, tlie opposite sides of which are syinmetrlcally disposed round dithuamt sys- 
tems of axes. Such cry.shils are called tw'in a (also maclcs) : they may be regardcil as 
aggregates of two simple crystals, having their axes more or less inelinod to each other. 

Crystallogrrapbic Systems. TJm number of eiy*stallino forms occurring in na- 
ture and produced by artificial processes, is so large, that some mode of classifying tJicm 
is absolutely necessary. All systems of classification arc rounded on the symmetrical 
development of ciyatals witli regard to certain axes. 

The form of any solid whatever may bo determined by referring it to three reeti- 
linoiil axes intersecting one another in a single point : and with regard to crystals, ob- 
sei'vation shows that some are symmetrically developed about tliroo axes intersecting 
one another at right angles ; others, wdth respect to axr‘s more or lo.ss obliquely in- 
clined to each other : tho former are called ort home trie, the latter clinomc I ric 
forms. Of the ortliomctric forms, some arc equally developed in the dii’cctioii of all 
three axes, others equally in two only, others unequally in all three. Some forma 
(the hexagonal) are more conveniently referred to a system of four axes. On these 
different modes of development arc founded the followl ng seven crystallographic systems : 

I. The Monomctric or Kegular system, the forms of which are symmetriciilly 
disposed about three rectangular axes, all of equal length. 

II. The Himetric or Quadratic system, the forms of wdiich are symmetric about 
three rectangular axes, two of equal, the third of different length. 

III. Tho Hexagonal System, the forms of which are S3’^mmetric about four axes, 
three of which are of equal lengt^^h, situated in the same plane, and inclined to one 
another at angles of 60®, while the fourth is of different length and at right angles 
to tlm plane of tho other three. 

IV. The Trimetric or Rhombic system, including the forms which are symmetric 
about three rectangular axes of unequal length. 
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V, The Monoclinic system, including the forms which are symmetric about three 
axes, two at right angles to each other, the third (the principal axis), perpendicular to 
one of them and oblique to the other. 

yi. The Dielinic system, including forms which are symmetric about tliree axes 
two of which are at right angles to each other, and the third oblique to both. 

VII. The Triclinic system, including forms symmetric about tliree axes, all 
oblique to each other. 

The first system comprises the polyaxial forms ; the second and third, forms with 
absolute principal axis ; the others, the mono -axial forms with relative principal axis. 

Forms belonging to the same crystallographic system are related to each other by 
several natural affinities. 

1. li 18 only tlie simple forma of the same system that can comhinc into a comphx 
form. — For in all fully developed (holohedral) natural ciystals, it is found that all the 
similar parts, if modified at all, are modified in an exactly similar manner (in liemi- 
hedral forms, half the similai* edges and angles alternately situated arc similarly mo- 
dified). Now this can be the case only when the dominant form and the modifying 
form arc developed according to the same law of symmetry. Thus, if a cub© and a 
regular octahedron are developed round the same system of axes (as mfujs. 156, 157), 
each summit of the cube is cut off to the same extent ])y a face of the octahedron, 
or mce versd. Hut a cube could never combine in this manner with a rhombic octa- 
hedron, because it would be impossible to place the two forms in such a manner that 
similar parts of the one should throughout replace similar parts of the other. 

2. Crystals belonging to the same system are intimately related in their optical 
properties. — Crystals belonging to the regular system (as the diamond, alum, rock-salt, 
&c.), refract light in the same manner as amorphous bodies ; that is to say, they have 
but ono refractive index, and a ray of light passing through them in any direction is 
refracted singly. But all other crystals refract doubly, that is to say, a ray of liglit 
passing through them (except in certain directions) is split into two rays, the one 
called tho ordinary ray, being refracted as it would bo by an amorphous body, the 
other, called the extraordinary ray, being refracted according to peculiar and more 
complex laws (see Light). Now the crystals of the dimetric and hcxagoiuil 
systems (those with an absolute principal axis) resemble each other in this respect, 
that in all, of them there is one direction, called the optic axis, or axis of doublo 
refraction (coinciding with tho principal crystallographic axis), along whicli a ray of 
light is reffacted singly, while in all other directions it is refracted doubly; wherriis 
in crystals belonging to the other systems, viz. the trimetric and the tliree clinomctric 
systems, there are always two directions or axes, along whicli a ray is singly refracted. 

3. Crystals belonging to the same system resemble each other in ihdr inode of con- 
ducting heat, — Amorphous bodies and crystals of tho regular system conduct heat 
equally in all directions, so that, supposing a centre of heat to exist within sucli a body, 
the isothermal surfaces will he sphere.s. But crystals of the dimetric and hexagonal 
systems conduct equally, only in directions perpendicular to the principal axis, so that 
in such crystals tho isothermal surfaces are ellipsoids of revolution round that axis; 
and crystals belonging to either of the four other systems conduct unequally in all 
directions, so that in them the isothermal surfaces arc fdlip.soi’ds with tliree unequal 
axes. (See Heat.) 

Monometrio or Regrular System. 

Teasularj Isometric^ or Cubic System. — All forms of this system are similarly and 
equally developed in three directions at right angles to each other ; in other words, 
they* are symmetrical about three rcclanguiar axes meeting in a common centre. The 
jiosition of each face is determined by the distances from the centre at which it 
meets the three axes (p. 121.) tho following being all the cases that can occur: — 

A. 1. Each face (extended if necessary) meets all tliree axes at equal distances from 

the centre : the formula of such a face is a: a : a. 

B. Each face meets two of the axes at equal distances from tlie centre, and the thinl 

at a different distance : 

2. Each face meets two of the axes at an infinite distance from the centre (i. e. it 
is parallel to these two axes), and the third at a finite distance. Formula 
a: CD a ‘.CO a. v 

3. Op two axes at equal and finite distances, the third at an infinite distance, 
a:a\coa, 

4. Or two axes at equal and finite distances from the centre, the tliird also at » 
finite but less distance. Formula a m a : ma 

5. Or two axes at equal and finite distances, the thii^ at a greater distance 
Formnla a : a : m a [m> 1]. 

0. Each face cuts the three axes at different distances from tho centre : 
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6 . Two axes at finite, the third at an infinite distance, aim a \ qd a» 

7 ! All three at finite distances, a : m a : n a. 

We now proceed to determine the forms given by those several conditions. 

1 . The form in which each face meets all the tliree axes, xjc, yy^ zz^ at equal distances, 
fl, from the centre is evidently bounded by eight equilat<^ral triangles. This form is 
the regular octahedron (^. 172 ). It has twelve equal edges, in which the faces 
meet each other at angles of 109® 28', and six equal four-faced solid angles or summits, 
through which the axes pass. A summit thus situated, in any fonn of the regular 
system, is called anoctahedralsummit; where such summits occur, they are always 
six in number. 

The crystallographic formula of the regular octahedron is n : a : usually abbre- 
viated into the symbol O. 

The regular octahedron is the form of many crystals, both natural and artificial ; 
e.g, red copper ore, magnetic iron ore, alum, chrome-alum, sal-ammoniac ciystal- 
Used firom its aqueous solution, chloride of sodium from a solution containing urea, &c. 

Fig. 173. 



2 . The simple form : 00 a : 00 or 00 0 00 , in which each fime meets one axis at 
the finite distance and is parallel to the other two, is evidently the cube or hexa- 
hedron (^< 7 . 173 ), bounded by six equal faces, intersecting one anotlier at right angles, 
and each having the form of a square. It has twelve equal edges meeting one another 
at riglit angles, and eight three-faced, equal-edged, solid angles or summits, situated in 
fa(*h octant at equal distances from the three axes. Summits so situated are called 
hexahedral or cubic; in holohcdral crystals they are always present to tlie number 
of eiglit, if at all. 

C'ubic forms are frequently exhibited by bismuth, chloride of sodium, iodide and 
chloride of potassium, sal-ammoniac crystallised from a solution containing urea; also 
by Huor-spar, galena, and other minerals. 

Tlie cube and octahedron are often found combined together; tlio one or the other 
form predominating, according to the relative length 
of their axes 156, 157, p. 220). If the axes 
of the cube are less Ilian half as long as those of the 
octahedron, the conibination is a modified cube, like 
that in fig, 174. If, on the contrary, the axes of the 
cube are more than half as long as those of the oc- 
tahedron, the combination is a modified octahedron 
[f-g. 175). If the axes of the cube are exactly half 
as long as those of the octahedron, the faces of the 
two forms meet only in points, and the combination 
18 that shown in fig. 176, called the middle 
crystal. It has twelve summits, each of which 
18 Situated in the plane between two of the axes, 
and at equal distances from them. All summits 
1 U 8 situated in forms of the regular system are said to be situated, like the summits 
of the middle crystal.’* 

3. The formula /r : a : 00 or 00 0 , represents a solid, each of whose faces meets two of 
e axes at equal distances, a, from the centre, and is parallel to the third ; it must 
creiore have twelve faces, four parallel to each axis. To define its form more parti- 

system of rectangular axes x y y\ z z\ meeting in C (fig 77), 
them the points x.x'. z,z\ all at equ^ distances from C. Now the 
e paMing through z y, and parallel to x x'^ will intersect the face passing through 
y, and parallel to * jp*, in tba line af, also parallel to x x'. Similarly the facei 


Fig. 174. 



Fig. 172. 


Z 
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'Fig, 176. Fig, 17«. 




parallel \oyy\ and passuig respectively through r.r, r'.r, will intersect in d7/paralh l 
to y y'y and the lines e fy s' fy in which those pairs of faces intorsoet, form two edgi's 
of the crystaL Extending this construction all round the hxcs, wo find that the four 
faces meeting in Zy and the four meeting in s', would, if extended till they intersect, 
form a double four-sided pyramid, represented in Jig, 177 and by the dotted lines in 
fig. 178. But there arc still the faces parallel to s s' to be drawn. One of these faci's 
passes through the line x y^ and its position may be determined by drawing throng! i 
the middle point of x y (Jig. 178), a line i ky parallel to z s' y which will cut the edge 
r/of the pyramid in its middle point/; and by joining this point with the points .r, y, 


Fig, 177. 


Fig. 178. 



we obtain two edges of the required form, I Xy I y. A similar construction camt'd out 
in the other pai*ts of the figure finally gives the rhombi c d odoc a h ed ron (also ea1i<(l 
granatohodron). It has twelve rhombic faces, wiUi plane angles of 109° 28' and 70° 82’, 
and diagonals ift the ratio of 1 : -\/2. The edges are nil eqiud. The summits are 
fourteen in number, six 4-fucod, octahedral summits, A (///. 161), foniuMl by the meet- 
ing of the acute angles of the rhombuses, and eight 3-faeed cubic summits, B, formed 
by the meeting of the obtuse edges of the. rhombuses. The dihediul angles formed 
by the meeting of the fiiccs are all equal to 120°. 

The dodecahedron sometimes occurs alone in artificial crystals, more frequently in 
combination ; in minerals it is more common as a simple fom, as in garnet. 

The three forms above described, the regular octahedron, cube, and rhombic dodeca- 
hedron are unique in their kind ; that is to say, all individuals of each species must 
be exactly similar to each other ; there can be no variation either in the plane angles 
or in the inclination of the faces. This, indeed, is sufficiently evident from the for- 
mulse, ^ich admit of no variation, and from the mode of construction. But in 
the remaining four forms of the regular system, the formula of which contain nu- 
merical coeflGlcients admitting of variations in magnitude, tliis constancy of shape no 
longer exists ; and accordingly we shall find that the angles vary wdth the magnitude 
of the coefficients in the formula. 

4. The formula a : ma : may or m 0 w, represents a solid, each of whose faces meets 
one axis at the distance from the centre, and tljc other two at the greater distance m a. 
I)raw a^stem of rectangular 179)» and, taking for example m = 2, mark off 

single and double distances, ;r, &:c., on each of the three axes. It is then easy to 

see that the position of one will by a plane passing through the 

points y, ^Zy 2j?; a second through a th^a |Jjrough y, %zf%xl*\ and a 

* The point! x', gr', Ac. (not »howti in the figure) are be prolongatfona of tha 

lines xC, vC, zO, Q! In the prccodinc flaure. , 
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fourth through y, 2^, 2a: ; that is to say, there will be four faces meeting at the point y, 
uiid in liko manner there will be four faces meeting m each of the points a?, jf', y*, 
or 24 in all, three in each octant. 

I'urther, the face y, 2a:, will meet 
the face y, 2a:', in the line y, 
ttuJ the face Zy 2y, 2x will meet the 
face Zy 2y, in the Zy 2y, meeting 
'ijy 2z in the point o. Thus the edges, 
r//, czy sitauted in the plane yzy 
lire determined ; and u similar con- 
struction gives the edges a a*, a y, 
and h a-, b z. Next, to llnd the in- 
tersections of the tliree faces in- 
cluded witliin the octant x y z. The 
face -S', 2a:, 2y, interseeta y, 2.r, 2z in 
tJie line <?, 2Xy joining 2.i* with the 
intersection of Zy 2y, and y, 2z ; the 
face Xy 2y, 2zy meets y, 2a:, 2z in the 
line draiwn from 2z to <z, the inter- 
section of X, 2y, a^d y, 2a: ; and a:, 

2//, 2z meets .£?, 2Xy 2y in the lino 
drawn from 2y to the intersection of a*, 2zy and Zy 2x, This construction gives the 
iiitersectiouH shown by the dark lines in the figiipe, and determines the form and posi- 
tion of the three faces in the octant xy z‘y and the same construction repeated in the 
otLer octants gives the form shown in Jigs. 180, 181, which is called the ikosi-tetra- 

Fig. 180. Fig. 181. 




lioflron (also leucltohedi-on and trnpezohcdron). It is bounded by 24 deltoids (qua- 
di’ilal orals Imving two unequal paiis of equal sides), and has 20 summits, which are 
of tliree kinds ; viz. six 4-faced, equal-edged, octahedral summits, A ; eight 3-facod, 
0(|ual-cdged, cubic summits, J3 ; and twelve 4-faced symmetric summits, C, situated 
like the suniinits of the middle-crystal (p. 123). It has also 48 edges, which are of 
two kinds, viz. 24 loiigir, A C, joining the octahedral with the symmetric summits, 
and 24 shorter, B C, joining Iho cubic with the symmetric summits. 

'I'iu* ikosi-tetraliedron is the iiiterm<‘diale form between the octahedron and the 
cube ; for m c=. 1, it coincides with tlie oetahedron ; for ??t *= oo , witli the cube. Tiie 
nearer m is to 1, the more do the three faces in each octiint fall into one plane, and the 
iriore nearly m = oo, the more do the four faces round each octahedral summit. A, fall 
into one plane, the limit giving a cube. The inclination of the faces to one another 
in the longer and shorter edges is ; — 

AC , ® C 

In 2 O 2 43' 146® 27' 

„ 3 O 3 144 64 129 31 


The form 2 O 2 is found alone in leucite, analcimo, and other minerals; 3 0 3 rarely, in 
native gold, silver, &c. In artificial crystals, the form 2 0 2 occurs combined in chrome- 
»lum and common alum, when a crystal is immei*sed in a saturated solution mixed 
with a little hydrochloric acid slightly lieatcd, so that the edges may be dissolved ofl^ 
<‘tntl then left to cool. 

6. Tormula a : a : may or m 0, each face meeting two axes at the distance a from the 
f‘enti’ 0 , and the third at a greater distance, w} a ; m being either a whole number or a 
fi'iietioii greater than 1. Thijiy^rin, like I he preceding, has 24 faces, 3 in each octant. 
A. construct ion similar to the jbreceding, and sufficiently indicated by the full and 




CEYSTALLOGBAPHY. 


183 . 


186 


t% 



dotted lines in^. 182, shows that the solid is bonnclod by 24 isosceles triangular faces^ 
and has the appearance of an octahedron witli triangular pyramids erected on its faces. 
This form is called the triakis-octahedron (also pyramidal octahedron, galenoid). 
Fi^ 188 shows the form 20. 

The triakis-octahcdi’on has 14 summits, six of which, A, are 8-faced, symmetric, 
and octahedral, and eiglit 3-faced, equal edged, and cubic, B. The edges are also 
of two kinds ; 12 A A, joining the octahedral summits and forming the bases of the 
isosceles triangles ; and 24 A B, joining the octahedral and cubic summits, and 
forming the equal aides of the triangles. 

The triakis-octahedron, a: a: ma, is the intermediate form between the octahedron, 
a \ ai a, and the rhombic dodecahedron, a: a: oo a. 

The plane and dihedral angles vary with the value of m, as in the following ex- 


amples : — 

fO 20 

Plane angles at vertex of isosceles triangles . . 119° 14' 118° 4' 

Plano angles at base of triangles .... 30 23 30 68 

• Dihedral angles A A 129 31 102 39 

Dihedral angles A B 141 3 162 44 


6. Formula a : ma : oo a, or mO oo, each face meeting two of the axes at unequal 
distances and being parallel to the third. To determine the number of faces in this 
form, mark off, on the system of rectangular axes {jig. 184, supposing m =2) single and 
double distances on each of the axes measured from C. Then there will he four face.s 
passing through the point 1 y, two parallel to x x\ through the points 2 z and 2 and 
two parallel to zz\ through the points 2jr, 2x*; and since the crystal is equally deve- 
loped in the direction of the three axes, there must be four similar faces meeting in 


Fig. 184, Fig. 186. 



each of the points /, a, 4<, f, F, that is to say# twenty-four faces in all ; and by con- 
structing each octant in the seine manner as for the preceding formulasi the form is 
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(buml to be a solid {fia. bounded by 24 isosceles triangles, having 14 summits, 
viz* four 4-faced equal-edged octahedral summits. A, and eight 6-£aced>ymmctric, 
cubic summits B. It has 36 edges, 12 longer, BB, uniting the cubic snmmlta, and 
24 shorter, AB, joining the octahedral inth the cubic summits, This U the 

totrakis-hexahedrott. It is intelihediate between the dodecahedroh* e : a too a, 
and the cube a : oo a : oo a. In the more commonly, occarriug tarieties, the plane and 
dihedral angles are : 

20oo 

Plane angles A, at vertex of isosceles triangles . 83® 38*^ 

Plane angles, B, at base of triangles . . . 48 1 1 

Dihedral angles, A B 143 8 

Dihedral angles, B B . . • . . . 143 8 


30 OD 
86 ® 69 ' 
46 80 
164 9 

126 62 


The form 20oo occurs uncombined in native gold and silver; 30oo in fluor-spar. 
In artificial crystals these forms occur but seldom, and then only subordinate to others, 
as for example in sulphantimonate of sodium (Schlippe’s salt), and in rock-salt which 
lins licen exposed to moist air. Faces having the disposition of this form, but in only 
half the full number, are of more frequent occurrence. 

7. Formula a : md : na, or mOn, Each face meets the three axes at unequal but finite 
disitances. Such a form must have 48 faces; for through each axial extremity 2 faces 
(‘ail be drawn in each of the four conti^ous octants, c, y. from i? above, one face pass- 
ing through the point ma or a? to the right, and «« or y in front, and another through 
nu or a* to the right, and ma or y in front ; therefore, 4x2 = 8 tlirough eacl^ axial 
extremity, and 6 x 8 = 48 in all. 

To determine the form of these flices, draw the system of axes as before, and taking 
;is nil example the form 1 : f : 3, or |03, mark off on each axis {Jig. 186), both ways, the 
distances I, f, and 3. The face z : : 3a*, forms with the flice z : f?/ : 3a?' (not drawn 

in (he figure), an edge in the diroetioii The same fa(*o : Sx intersects the 

fiico 3//, |a? in tlie direction za, drawn through z and tho intersection of tlie lines |;/, 3a?, 
hjkI 3y, IJa; and lastly, it intersects (ho face y, ^5', 3 a?, in the direction b, 3a?, where b 
is (he point of intersection of the lines z, 3//, aiidy, ^z. The face thus determined is 
a triangle, and in like manner tho position of the five other flxees in the octant, x y z, 
way be determined. The result extended symmetrically to all the other octants, is the 



form represented in Jig. 187, bounded by 48 scalene triangles. This figure is called 
tho Ilexakisoctahedron (also tctrakonta-octahedron, adamantdid^ See.), It has 26 
summits of three kinds, viz. eight 6-faced symmetrical octahedral summits A, through 
which the axes pass ; six 8-faced, cubic summits B ; and twelve 4-faced symmetric sum- 
wits G, situated like those of the middle crystal (p. 123). Its edges are 72 in num- 
hcr. and likewise of three kinds, viz. 24 edges AC, uniting tho octahedral with the 
feur-faced summits ; 24 edges B C, uniting the cubic with the four-faced summits, 
and 24 edges A B, uniting the octahedral with the cubic summits. 

The plane and dihedral angles of the figure vary with the magnitudes of m and fs: 


Plane angles A of the scalene triangles 

*» P II II 

_ ^ »» >» 

Dihedral angles AC „ „ 

»» B 

M A B „ ,, 


305 

204 

36'^ 

49' 

39® 

48' 

66 

15 

64 

22 

86 

66 

86 

60 

149 

0 

164 

47 

168 

13 

144 

3 

168 

13 

162 

16 
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Tho form 204 often occui’s very predominant in crystals of ^fluor-spar ; 30 J in garnet. 
Diamonds are also found having the form of tho liexakis-oct^odron, but with curved 
faceSj 80 that tho angles cannot be accurately measured. . TfiiS form occurs ba^i^ry 
rarely in crystals : it hu, ^wever, been observed, thpt^ very subordinate, in 

alum C]^stallisod from a sol^tihn p^nd^ining hydro^oric acH^‘ 

RemUiedral forms of ttie ' Suppose four alto^^^ 

of the octahedron (fy. 188), viz. thori^^ht fix>^iibdij^;|eftf^ left back above, 

and right buck below, to extend so as partial^ to oelfterate the four remaining fices ; 
a form will be procUicod like figure 189; and if the extension be continued till tlie 
alternate faces (jpmplctely disaj^pear, the four-sided pyramid 

duced, called the regular tetraliodron, and denoted by the symbol 


188. F:g. 189: 



bonn^od by four equilateral triangles, has 4 thrce-faced summits, and 6 similar 
•dges M'Which the faces arc* inclinc'd at angles of 70*^ 32'. The axes pass through the 
m;^dle points of each pair of opposite edges. 


Fia. 190. Fi^. 191. 



If other four sides of the octahedron increase instead of those above-mentioned, 
the result, will be tho tetraliodron shown in figure 191, exactly similar to tho former 
but oppositely situated. When both these tetrahedrons occur together in tho same 

crystal, as in^. 189, one of thorn is distinguished as + ~ tho other as — when 

2 2 

either occurs alone the sign + or — may be omitted. 

Tetrahedral faces occur in Schlippo’s salt, chlorate of sodium, fahl-ore, blende, &c. 
The cube and rhombic dodecahedron have no corresponding hemihedral forms. 
TJie icosi-tetrahedron, triakis-octahedron, tetrakis-hexahedron, and hexakis-octa- 
hedron all produce hemihedral forms by tlie growth of their alternate faces ; but tlio 
only one of those fonns that it is important to notice is the pentagonal dodecahedron 
{fil/. 192) produced from tho tetrakis-hexahedron(^. 185, p. 126). This holohedral form 
may be regarded as a cube on each of whose six faces is erected a four-sided py^^^id. 
Suppose now that on the top and bottom pyramids, the front and baflk fac^'JETQW, 


while the right and left disappear ; that on the front and back pyramids, 

left faces grow, while the upper and lower fiices disappear ; and that op therightaifld 1^ 

pyramids, the upper and lower faces grow, wdiile the right and left disappear; the result 

will be a dodecahedron whose general symbol is Fig, 192 representa. 

If the other alternate faces of the holohedral form be supposed to increai;^ an ucoctly 
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Fig. 193 , 



similar dodocahed«,n {fg. l-)3) will be fonne.1, but differently>tnat?^ theee two' 
forms may bo distinguished by the ^bols + and - 
The pentagonal dodecahedron is bounded by 12 symmetric ^renfaiyniia «. • 

91 ^ ?’ ^ formed by the meeting of the faces at their bai^iiid 

^ *e pentagons. Tlie summits sie 2ft in nnUMK 19^ 

of whnA, ty the meeting of a basal edge E E, and two eoualedireB E 

situa^ of the axes, but at different distances therefr^, *nd.| ott^^ 

formed by dwtfcg of three equal edges of the pentagons S 

S Wi^*- «3^P / 

The pentagonal dodecahedron has not yet been observed in its coinDlett*1to^“4t 

**■***• Simple Forme of tbe Monomomo oystem. These 

numerous ; wo shall here notice some of the jwst important. 
aS nymbolieally, the symbol of the dominant form kS) 


Fig. 194. 


Fig. 195, 





«>o« 



Fig. 196. 



Fig. 197. 



?o“.° 

„ ^siS. sSfSS'"^ '*• “j«a‘ 





2'I2- Fig. 203. 



la. Cube and Tetrahedron: 

GO 0 00 197). Boracite. 

00 0 00 . — (^. 198). Boracite, Cube-ore, 

2. Dodecahedron and Octahedron: 

0 . QoO 199). Alum and red copper-ore, 
ooO . 0 {jig. 200). Magnetic iron-ore. 

2a. Dodecahedron and Tetrahedron: 

2 * {fid- 203). Sodio-uranic acetate. Fahl-ore, 

S. Dodecahedron and Cube: 

ooO ••00 0 00 {jig^ 201). Garnet (rarely), 

202). Alum, crystallifled from solution containing free iditftli } 
ctilonde of potassium from solution containing mercuric chloride, fbquentljr » 
fluor-spar rarely. ^ 
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Fig, 206, 



Fig. 208. 



Fig. 206, 




4. Dodecahedron^ Cube and Octahedron: 

0 , 00 0 00 . 00 0 {Jig. 204), in which, however, the 0-faces do not predominate 
very much ; occurs commonly in alum. 

00 0 00 . 0 . 00 O ( Jig. 205) ; frequently in alum from solution containing free 
alkali ; also in cliloride of sodium from solution containing chloride of bis^ 
muth. 

4a. Dodecahedron^ Cube and Tetrahedron : 

These combinations, which occur in Boracite, are similar to those of the 
dodecahedron, cube, and octahedron, excepting that only four octahedral faces are 
present instead of eight. 

5. Combinatione of Icoei-tetrahedron: 

00 0 , 202 {Jig, 206). Melanite. 
ooO 00 , 202 {Jig. 207). Analcime. 

0 , 00 0 00 . 202 {Jig. 208). Alum and chrome-alum (rarely). 

0 . 00 0 oo . oo 0 . 202 {Jig. 209), Alum. 

1L% 
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Fig, 210. 



Fig, 211. 




Fig, 2U. 



6. Combinations of the Tetrakis-hexahe 
dr on : 


00 O 00 . 30 00 (/v;. 210). Fhior-spap. I 
similar combination, oo O oo . 20 oo, is pro 
diiced wlien cubes of rock-salt are cx[)()S(‘i 
to moist air. 

ooO GO , + 211). Iron pyrites 

Cobaltine. 


O . ooOoo , ooO . 202 




20 00 


^0 7 
2 ' 


(^/7y. 212). Alum, 


7» iiomhinations of the Hexakis-octnhedron: 
0 . 30^ (^/. 213). Alum (apparently). 
ooO 00 . 204 {fig. 211). Fluor-spar. 


Dimetrio or Quadratic System. 

Square FrimgiiOy Vyramidal^ Ti tragonal^ Monodimctric System {Zwd~ und cinaxigia^ 
ftiergliedriges System), 

Crystals belonging to this system are symmetric about three rectangular axes, tw'O 
of equal, the third of ditferent length ; and may, therefore, be bo placed as to appeal 
equally developed in two horizontal directions at right angles to each other (right aiul 
left, and backwards and forwards), but differently in the vortical direction. The ver- 
tical or principal axis (p. 120) vd\l be denoted by c, the horizontal or secondaiy axcH 
by a. All sections perpendicular to the principal tixis are sqiuires or figures derivoil 
therefrom. 

In this, as in the monometric system, the most general form is one, each of whose 
&ces (produced if necessary) meets the tlireo axes at different distances from tlio 
centre. Let these distances be a and na for the secondary axes (n being a multiplifr 
either greater or less than unity), and o for the principal axis. To determine the 
form, draw two roctangidar axes {fig. 216), and supposing, for example, » set otf 
from the centre the distances a and § a, and join each point a on the one axis with 
I fl on the other, as shown by the dotted lines in the left upper quadrant. The portioaf 
of these lines contained between the several points a ana the intei’sections of those 
dotted lines will form an equilateral octagon ; and if from each of the an^es of this 
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Fig. 215 . Fig. 216 . 



octagon straight lines be drawn to the extremities c of the principal axis (perpen- 
dicular to the plane of the paper), the planes passing througli these lines will enclose 
a double eight-sided pyramid {fig, 216), bounded by sixteen scalene triangles, ABC, 
tlie summits B being situated at the ends of the' horizontal axes, and the summits G 
at angular distances of 45° therefrom. This figure evidently fulfils the condition 
essential to the forms of the dimetric system, of being equally developed in the direc- 
tion of two rectangular axes, but differently in the direction of the third. It may be 
represented by the formula : 

a : n a : c. 

The inclinations of the edges B C to each other (or the angles of the octagon, fig, 215), 
vary with the value of m. The more n approaches to unity, the more nearly do the 
points na {fig. 215) approach to «, and the more nearly do the lines joining these 
points (B 0, C B in fig. 216) approach to coincidence, the angles C of tlie base becoming 
greater; and when n — 1, or the formula becomes a \ a : c\ the angles C become ~ 180° ; 
in other words, the linos B C, 0 B coincide ; tlio octagon becomes a square ; and the 
double eight-sided pyramid is reduced to a double four-sided pyramid with a square 
base Hi(j. 217). havincr its aneles B situated at the extremities of the horizontal axes. 

Fig. 218. 


A 



Fig. 217. 
A 




If, on the other hand, n increases, the angles C {fig. 216) become les.s, and the 
angles B more and more obtuse ; and finally, when n = oo , or the formula becomes 

: 00 a : c, the angles B become = 180°, or the two horizontal lines B C, B C, drawn 
from the extremities of each axis, merge into single straight lines parallel to the other 
uxi.s ; and the base of tlie pyramid becomes a square, having the middle points of its 
sides at the extremities of the secondary axes, and its angles C equidistant from those 
points, as in 7^. 218. 

The symbols of the three forms just described are abbre viated as follows : — 

a : a \ 0 {Jig. 217) == P 

a : na \ c {fig. 216) = P^^ 

a : ooa : {fig. 218) - Poo. 

It appears then that a square pyramid may be represented by the formula a\a\c =P, 
or a : CO a ; c «a» P 00 (the ratio o'.a being however different in the two cases), 
according as the secondary axes pass through the angles or the middle points of tho 
Sides of the base. When two pyramids so related to each other occur together in the 
same crystal, P is regarded as the primary form, and is called the square pyramid of 
tlie first order; P oo the pyramid of the second order. 



134 


CRTSTALLOGRAPHT. 


A square pyramid is more or less acute, according to the ratio between the principal 
and secondary axes. When a is veiy nearly equal to c, the pyramid is scarcely dis- 
tinguishable in outward form from the cellar octahedron (Jig. 119) ; the two forms may, 
however, always be distinguished by their modifications, the edges and summits of tlic 
regular octahedron being all modified alike, whereas in a square pyramid the terminal 
edges AB (fig, 216) may be modified differently from the lateral edges BB, and the 
summits A A at the ends of the principal axis diflerently from the summits B at the ends 
of the secondary axes. 

As the ratio of c? to a becomes greater, the pyramid becomes more and more acute, 
and the angles of the pianos meeting in the lateral edges B B {Jig. 217), C C(Jig. 218), 
or B C (Jig. 216), approach more nearly to 180^; and finally, when the ratio c : a be- 
comes infinitely great, this angle becomes = 180^, and the pyramid is reduced to a 
prism of indefinite length, having its sides parallel to the principal axis. 

Wlion two qua<lratic pyramids, in which the ratio c : a is different, occur together 
in the same crystal, one of them is regarded as the primary form, and denoted by otio 

of the formulae already given; the other in which the ratio ^ times that in 

the former (m* 1), is denoted by prefixing the symbol to c in the full formula, or 
to P in the abbreviated formula ; thus : — 

Square pyramids of the first order . , . a \ a : me = mV 

Octagonal pyramids a '. na \ me ^ mVn 

Square pyramids of the second order . , , a '. <X) a i me = 77?Poo 

When in either of these formulie m becomes infinite, the corresponding pyramid becomes 
tt prism, as already explainucb 

When = 0, the pyramid is reduced to a piano, called the terminal face, or 
end -face, oP, j-iarallel to the plane of the secondary axes. 

Among pyramids of the second order occurring together with a primary form P, it 
is usual to distinguish particularly the two following: 

a. The next obtuse r pyramid is that whose fiicos have the same position and in- 
clination with respect to the principal axis, as the terminal edges of tlic primary form. 
For the primary form a:a\c,ovV {Jig. 217); the next obtuser pyramid is evidenily 
a: 00 a : c, or P 00 {Jig. 218), liaving for its base the outer dotted square, b efd {Jig. 2PJ), 
whose sides are drawn parallel to the axes, through the angles of the base of tlie 
primary form ; and generally, for every square pyramid of tlie first order, y//P, the next 
obtuffer pyramid is ry^Pa^ . The terminal edges of P are symmetrically truncated l)y 
theilwes of 7)iV<x) . 

A “nie next acuter pyramid is that whose terminal edg(^ have the same posi- 
tion and inclination with respect to the principal axis, as the faces of the primary 
form. The primary form having for its base the square represented by tlie conlinuotis 
lines in Jig. 219, the next acuter pyramid will have the same principal axis, and tlie 
base g hki, whose angles are at the middle points of the sides of the primary form. 
The formula of this {)yramid is : x a : c, or a : <x> a : 26*, or 2Pco ; and generally, for 
every square pyramid of the flr.st order, mV, tho corresponding next acuter pyramid is 
SwPoo . The terminal edges of the latter are symmetrically truncated by the faces 
of mV. 


Fig. 219. Fig. 220. 



Oombinattons of tbe Holohodral forms of the Blmetrlo system. 

square and octagonal pyramids and prisms above described arc the only simple hola- 
hedral forms of the dimetric system. The following arc some of their principal con* 
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binations When two squ^e pyramids of the same order occur together in a crystal, 
the more acute of the two is acuminated in the direction of the principal axis by the 
faces of the more obtuse, which rest on the faces of the former, as in fig. 220. In 
sulphate of nickel, which crystallises in this manner, the ratio c \ a ^ 1*888 in tlie 
niore acute, and 0*944 in the more obtuse pyramid, the length of c in the two pyra- 
mids referred to a secondary axis as imity, being in the ratio of 2 : 1. In all such 
combinations, it is found that the principal axes of the two pyramids bear to one 
another a simple ratio, as 3 : 1, 3 : 2, &c. 

When two square pyramids of different orders occur together, the faces of the one 
truncate the edges or the summits of the other. Fig. 221 represents a form of tin- 
stone, in which the terminal edges of the primary form P are symmetrically trun- 
cated by the faces of the next obtuser pyramid Poo . Fig. 222 is a form of anatasc, in 
■which the terminal summits of P are acuminated by ^P, and the lateral summits are 
bevelled by the faces of the next acuter pyramid, 2Poo . The terminal edges of this 
latter pyramid may also be regarded as very broadly truncated by the faces of P. 


Fig. 221. 


Fig. 222. 


Fig. 223, 


Fig. 224. 
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Combinations of prisms and pyramids of the different orders, with or without the 
terminal face oP, are of frequent occurrence. Fig. 223 repr(‘senfM nn octagonal prism 
formed liy the prismatic faces of the first order, oo P, f rinicated hy the prismatic &ces 
of the second order, oo J’oo , and terminated above and below by oP. This form is 
seen in acet ito of copper and calcium, C'^IPCuCaO^ 

<»P.P(^c/. 224) is a form of potassio-uranic acetate, a square prism with pyra- 
midal sumnuts resting on tiio prismatic faces. 

Figs. 22o, 226, 227 represent combinations of the forms P , oo P oo in various pro- 
portions. 

P . 00 P 00 {fig. 225), with P predominant, is found in mellite or honeystono. 

P and 00 P 00 equally developed {fig. 226), which has very much the appearance of 
a rhomlnc dodecaliedron, is exhibited by potassio-cupric chloride, KChCuCl, 
ooP 00 . P {fig. 227) is a form of apophyllite. 



The following figures {figs. 228 -231 ) represent combinations of square pyramids with 
tbo terminal face oP; they are all forms of .sulphate of nickel, Ni^SO* + 6II*0. In all 
these combinations, it may be observed that pyramids similarly situated between the 
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Fig, 228. Fiff. 229. 
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axes form combination-edges parallel to the base, e. g., oP, AP, P, and Poo . 
cop 00 (^. 231), whereas pyramids and prisms differently situated with regard to the 
axes form combination-edges inclined to the base, e.g. P and oo P oo , m fig 225, 220, 
227, 230, 231 ; also P and P<» in ^^.9. 230, 231. This rule is of great use in deler- 
mining the relations of the faces in complicated combinations. 

Bemiliddral Forms. A square pyramid may become hemihedrni in the same 
manner as a regular octahedron (p. 128), viz. by the extension of four alternate faces 
till the others are obliterated. The hguro thus produced, called a quadratic sphe- 
noid, is a four-sided pyramid distinguished from the regular tetrahedron by the form 
■ faces, which are not equilateral but isosceles triangles. The principal axis ter- 
Aes in the middle points of two of the edges (terminal edges); the secondary axes 
q middle points of the four other edges (lateral edges). A quadratic sphenoid is 

d^aoted by the symbol or , according to that of the pyramid from which it 

is formed. The signs + and — prefixed to these symbols have the same meanings 
as in the case of the regular tetrahedron (p. 128). 

Sphenoids rarely occur alone ; u solution of cyanide of mercury, however, sometimes 

yields by spontaneous evaporation perfectly developed sphenoids in which - *= 0*985. 
More frequently sphenoids occur in combinatioH, e. g. with tlieir terminal edges trun- 
cated by the face oP, and their lateral edges by ooPoo. The summits of ? may 
also be replaced the faces^ of the opposite sphenoid, in which case they are dis- 
tinguished as + ^ and - A combination of these two fomis equally developed 

has the external form of a square pyramid, but may gruierally be distinguislied 
there&om by the different modifications of its edges and summits. Fig. 232 is a form of 


Fig, 232. 


copper-pyrites, consisting of a sphenoid g having its 
terminal edges replaced by oP, its summits by faces of 
— g, while those combination- edges of the two sphenoids 

which are situated like the terminal edges of P, are trun- 
cated by faces belonging to the pyramid P oo. Modified 
sphenoids also occur in cyanide of mercury, formate of 
strontium, cholalic acid, &c. ; but they are not common. 

Another hemihedral form Js produced by the 

2 

growth of the alternate faces of the octagonal pyramid 
. . .■! (y^7-,216), ^ It is a double pyramid with a 8quai*e base, 

but having the sides of the base obliquely inclined to the secondary axes, as may be seen 
by prolonging the alternate sides of the octagon 216) till they meet Such a 
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form a square pyramid of the third order. In like manner are formed 

square prisms of the third order. Square pyramids of the third order never 
occur alone, and but rarely in conibinatioi:. Examples are found in tungstate of load, 
tungstate of calcium, and a few other minerals. In native tungstate of calcium 

(Sclicelite) the primary form P occurs, modified by the faces 2P oo and 

2 

Bexagronal System. 

Bhomhohedral, MonotrirMtric System (Bret- und einaanyes, sechsgliedriges^ drei- und 
dreigliedriges System). — Crystals of this system have three equal secondary axes 
situated in the same plane and inclined to one another at 60®, and a principal axis 
at right angles to the plane of the secondary axes. If this axis be placed vertically, 
the crystal appears differently developed in the vertical and horizontal directions, but 
equally and similarly developed in the six directions lying in the hoidzontal plane, 
VIZ. at the six extremities of the three secondary axes. 

Tlie principal axis is sometimes longer, sometimes shorter than the secondary axes. 
Its length c is expressed by referring it to that of a secondary axis as unity. 

As three points determine a plane, the position of any face of a crystal in this system 
is determined by the disbinces from the centre at which it cuts the principal axis and 
two of the secondary axes. The most general form is one in which each face cuts two 
of the secondary axes at unequal distances. Suppose, for example, these distance's 
to be to one another as 1 : Draw three horizontal axes cutt ing one another at 60®, 

as in fig. 233, and set off on two of them the distances a, ^a. Then, by a construction 
similar to that described at p. 133, it is found that the horizontal section of the re- 
quired form is- an equilateral dodecagon; and by joining the angular points of this 
polygon with the extremities of the principal axis (supposed perpendicular to the plane 


233. Fig. 234. 



of the paper) we obtain the fl 3 rmmetrical double twelve-sided pyramid {fig. 234), bounded 
by twenty-four scalene triangles ABC, six of the basal summits, B, being situated at 
the extremities of the secondary axes, and six 
others, C, half way between. Such forms occur in Fig. 236. 

combination, but not singly. 

The general formula of the solid thus determined 
IS a : na \ ga : in wliich when n is given, g is 
determined. In the preceding figure, where w « 
p is foimd to be equal to 3. There are two 
particular cases of special importance : — 
l.Whonn«l, or the formula becomes axaipaxc. 

In this case it is easy to see that the twelve 
sides of the base are reduced to six, and the base 
becomes a regular hox^on {Jig. 236), having its 
angles at the extremities of the secondary axes, 
hach side meets two contiguous axes at equal 
distances, as at and is parallel to the 

third, so that jp « oo, and the formula becomes 
: a : 00 a\ c. The form thus determined is a 
double six-sided pyramid {fig. 236) bounded by twelve isosceles triangles ABB, which 
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Fig, 236 . Fig. 237 . 



are acute- or obtuse-angled, aeeording to the ratio of the principal to the secondary 
axes. Every section perpendicular to the vertical axis is a regular liexagon, like 
>1 the base, and every vertical section passing through the principal axis is a rhombus. 

2. When n = 2. Each face cuts one of the secondary axes at the distance a and 
another at 2a. In this case tlie eonstructioJi in Jig. 235 shows that the base of the figure 
is a regular hexagon, having its sides in the situation of the dotted lines of the figure, 
each side passing through one of the angles of the former liexagon, and cutting the 
third secondary axis also at the distance 2a from the centre, so that tho formula be- 
comes a ; 2<i : 2a : c. The solid figure obtained by joining tho angular points of this 
hexagon with the ends of tlie principal axis is also a double six-sided pyramid, like 
fig. 236, but differently situated, the ends of the secondary axes passing through tho 
middle points of the sides of the hexagon, and tho basal summits C being situated 
.half way between these axes {Jig. 237). 

When two or more hexagonal pyramids occur together in the same crystal, one 
replacing the edges or summits of the other, one of them is assumed as the primary 
form, the soeondary axes being supposed to pass through the angles of its base ; and 
of the rest, those which are similarly sit uatei with regard to the axes are called acutcr 
or obtuser pyramids of tho first order, while those which are intermediately 
situated, that is to say, having the middle points of their basal edges at tho extremities 
of the axes, are called pyramids of the second order. The relative lengths of 
the principal axes of these pyramids are denoted, as in the di metric system, by placing 
a multiplier m before the sign of tho principsil axis. The abbreviated symbols of the 
aeveral pyramids are also similar to those used in the diinetrie system ; thus : — 

^ Primaiy form . . , . , , .a:a:c»fl:c=»P 

, Pyramids of the first order . . , , a: a: o:>a : nic = WiP 

. f Pyramids of the second order . • , . a : 2rt : 2a : me « 7?tP2 

Dodecagonal pyramids . . . , a ; na : pa : 'inc = mVn 

If in either of these formulae w = 0, the pyramid is reduced to a terminal face oP 
parallel to the plane of the secondary axes. 

If >m = 00 , in either of the formulae, the corresponding pyramid becomes a vertical 
prism, ooP, ooP2, or ooPw, of indefinite length. 

These prisms and the terminal faces, being unclosed forms, can only occur in com- 
bination. 

The terms, next obtiiscrand next acutcr pyramid, are used in this system in the same 
sense as in the dimetric system (p. 134): — a. The next obtuser pyramidis that 
whose faces liave the same situation and inclination relatively to the principal axis aa 
the terminal edges of the primary form. For the primary form P, or a: a: oa a: c 
(Jg. 236), the next obtuser pyramid is evidently a: 2a'.2a:c ov P2 {Jg. 236); and 
generally, for every hexagonal pyramid mV, the next obtuser pyramid is mV2. 

b. The next acutcr pyramid for the primary form P, is that whose terminal 
edges har<i^ the same position and inclination relatively to the principal axis as the 
faces of the primary form. The base of the primary form being the full-lined hexagon 
(fig. 236), the next acutcr pyramid is that wWe faces meet tlie principal axis at the 
same distance c from the centre, and pass through b, d, tlie middle points of the sides 
ck, kfi and the corresponding points of the other sides of the same hexagon. Now 
the line hd cuts the axis gk in the point t, so situated that gi = | gk. Consequently, 
the formula of thia pyramid is | a : 2 . ?a : 2 . |a : c. or a : 2a ; 2a : gc = jP2 : and gene- 
rally, for eveiy p;^mid of the first order mV, the corresponding next acuter pyramid 
is {mP2. The terminal edges of a pyramid of the first order ?np are symmetrically 
truncated by the faces of a pyramid of tlie second order ?»P2. 

The hexagonal and dodecagonal pyramids and prisms above deseribed, are the only 
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holohedral forma of tlie hexagonal system. The closed forma (the pyramids) are 
rarely found alone; examples of simple hexagonal pyramids are found in the com- 
pound of grape-sugar and chloride of sodium, and occasionally in quartz. The un- 
closed forms, viz. the prisms and the terminal faces, occur only in combination. 

Combliiatloiia of tlie Bololiodral forma of tlie Hexagonal System. 
Hexagonal pyramids and prisms combine together in the same manner as the corre- 
sponding fibres of the dimetric system. When two pyramids of the same order occur 
together, the obtuser of the two acuminates the summits of the more acute, just as 
in fg, 220 (p. 134). In like manner, the hexagonal prism occura acuminated by the 
pyramid of the same order, the faces of the latter resting on those of the prism, and 
forming horizontal combination-edges, as in quartz (fig. 238). T^en hexagonal pyra- 
mids of different orders occur higether, the faces of the one replace the edges and 
summits of the other, producing truncations, bevellings, or acuminations, according to 
their relative positions and inclinations. Examples of these combinations, together 
with the terminal face oP, are seen in figs. 239, 241, 242, which are forms of apatite, 
and fig. 240, which is a form of beryl. 


Fig. 238. Fig. 239. Fig. 240. 



The forms oo P and oP combined together produce a vertical hexagonal prism with 
liorizontal end-faces. Wlien oP predominates, the prism is reduced to a hexagonal 
tablet, Jnfig, 240 the combination-edges of this form are truncated by the faces P 
belonging to a pyramid of the same order as the prism ; in fig. 241 the combination ; 
Biimmitsof the same form arc truncated by the faces of a pyramid 2P2 ofdiffercnt ord^ ' 
Fig. 242 affords a good example of the manner in which the different forms making 
up a complicated combination may be determined. The pyramid whose faces are 


Fig. 241. 


Fig. 242. 




denoted by P is chosen as the primary form, because it is the one to which the other 
forms may be most conveniently referred. The relation of the faces oP, oe> P, oo r2 to 
this primary form is obvious. The faces of the next obtuser pyramid P2 are known 
because they truncate symmetrically the terminal edges of P ; those of 2P2, because 
they tnmeate the combination-summits of oP and oo P (as mfig.^4l\ forming eom- 
bination-edgcs which are parallel tn the terminal edges of P (or the combination -edges 
l>etween P and P2) ; and those of 2P, because their terminal edges are q^mmetricidly 
truncated by 2P2, 
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Symmetrical twelve-sided pyramids rarely occur in combinatiou, with all flieir 
faces. An example of such a combination is, however, found in beryl 243), ia 
which tlie twenty-four faces of 3P§ (denoted in the figure by 
z) truncate the edges between 2P2 and ooP. 

In all combinations of hexagonal (and likewise of quadratic 
forms, the following rule holds good: — Forms which lie in 
tfie same direction between the secondary axes intersect 07ie 
another in horizontal edges^ or in such a manner that the 
upper and lower combination-edges are parallel to each other , 
hut forms which are dissimilarly situated between the 
secondary axes^ intersect one another in inclined edgeSy the 
upper and lower not heing parallel. Thus the combination- 
edges between oP, P, 2P and ooP {fg, 242) arc aU parallel, 
as also are those between OP (which is the same as oP2), P2, 
2P2 and ooP2; whereas the combination-edges between P 
aiKr2P2, or 2P2 and ooP in the same figure, or between 
3P and ooP 'mfig. 243 are not parallel to one another. 

The hemihedral forms of the hexagonal system occur more 
frequently than tlie }iolohe<lral forms, and among them there are two of especial ini- 
portance, the Rhombohedron derived from the hexagonal pyramid, and the Seal e- 
nohedron derived from the dodccagonal pyramid. 

1. Hho mhohedrons . — Suppose that in a hexagonal pyramid (of the first order, 
236) the front face above, the right and left faces below, and tlio three faces alternating 
with these, are extended till they obliterate the intermediate faces, viz. the front below, 
the right and left above, &c. ; the result will bo the r liombohedron {Jig. 214), a 
figure bounded by six rhombuses. It has eight snmm its, which are of two kinds, viz. two 
tt^rminal summits A A, formed by the meeting of three terminal edges, and six hitenil 
summits D D, formed by the concurrence of two lateral edges and one terminal edge. 
Of the twelve edges, six are terminal, extending from the terminal to the latenil 
summits, and six lateral, extending in a zig-zag line between tJie lateral summits. The 
principal axis joins the terminal summits ; the secondary axes unit© the middle points 
of every two opposite lateral edges. The symbol of the rhombohedron would, ac- 
P 

cording to general usage, bo ^ 1® usually replaced by the shorter symbol R. 

In the rhomlx)hedron formed as above described, one face extends from above for- 
wards, and one edge from below forwards ; if however the other alternate faces of tlio 
hexagonal prism (jfig. 235) he supposed to grow, viz. the right and left above, the 
^ont below, &c,, the result will be a rhombohedron in the opposite position, that is to 
•ay, having an edge extending from above forwards and a face from below forwards. 


Fig. 243. 




Zemiliedral forms. 


Fig. 244. 


A 



Fig. 246. 



as in jfy. 246. When these opposite rhombohedrons occur together in the same 
crystal, their faces are distinguished by the signs + and — , the first described rhom- 
bobedron, which has a face extending from above forwards, being usually denoted by 
+ ^ 1^0 opposite one by - R. 

' ' Si^V>h^rons are acute or obtuse, according as their terminal edges and faces 
one another at acute or obtuse angles, theso inclinations depending of course 
>>^^?*** th^ ratio between the principal and secondary axes. For a particular value of 
'vlhie latic^ the faces and edges meet at right angles, and the rhombohedron has the 
of a It is not, however, identical with a cube in anything but external 

•nape: fiir'ito edges and summits are of two kinds, and the terminal edges or summits 
mod^^ while the lateral edges or summits are not, and vioe versd, wheroas 
tu thA cube, if any modification occurs, all the corresponding parts must be similarly 
modified. 

Whan a number of rhombohedrons of different degrees of acuteness oooor together, 
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that one is selected as the primary form in the direction of whose faces the crystal 
cleaves most easily, and this rhombohedron being denoted by + E (that is to say, being 
80 placed that one face of the primary form extends from above forwards), the others 
are denoted by + wE, the number m denoting the ratio of the principal axis of each 
rlionibohedron to that of the primary form. This ratio is always veiy simple. (See 
C'alcspab, i. 721.) 

When two rhombohedrons of tho same order occur together, the more obtuse 
acuminates the terminal summits of the more acute, as in. Ji(/. 246, a form of calcspar 
in which the terminal summits of + 4K are acuminated by + R ; but when rhoml) 0 - 
hcdroiis of different orders occur together, the edges or summits of the one are trun- 
l atod by the faces of the other, as in Jiffs. 247 — 249. A rhombohedron by which the 
terminal edges of the primary form are symmetrically truncated, is called the next 


fiff, 246. Fiff. 247. Fiff. 248. Fiff. 249. 



obtuse r rhombohedron of that form; and the rhombohedron whose terminal 
edges arc symmetrically truncated by the faces of tho primary form is called the 
next ae liter rlionibohedron of that form. Of any rhombohedron + wit, the 
next olituser is + n;'/7lt, and the next acuter is + 2wR. In^. 249, E is the next 
obtuser rhombobeitron of — 2 It. Examples of rhombohedrons thus related are found 
ill ( Mlcspur (i. 721), also in chabasite (i. 843). 

Tlu‘ two opposite rhombohedrons + E and — R, formed from the same hexagonal 
pyr.innM, are often comliincd together, and when they are equally developed, produce a 
coinliiiiation undistinguislinble in form from the holohedral hexagonal pyramid. Thor© 
are, liowover, essential differences between the two : sometimes the faces of the opposite 
rhombohedrons differ in lustre or in mode of striation ; sometimes the crystal cleaves 
ill directions parallel to one set of faces and not to the other; frequently also the 
m.mner in winch the faces and edges are modified affords tho means of distinction : 
thus the horizontal combination-edges of quartz, oo P . P (ftff. 238), are sometimes 
tnincated by the faces 3P ; but this modification does not affect the whole of these 
edges, but only the alternate ones, e. g. the front combination-edge above, the right 
aii(i left below, &c., whereas, if the crystal were holohedral, all these edges would bo 
imnlified alike 268). 

The terminal nice oli truncates the terminal summits of a rhombohedron, as in 
oonindum (fig. 146, p. 86) ; if the face oR predominates greatly, the crystal is 
reduced to a tablet liko^t^. 147. 

The more tho principal axis of a rhombohedron increases relatively to the secondary 
nxc's, the smaller do the angles at the terminal edges become, and the more nearly do 
those of the lateral edges approach to 120°, that is to say, to the inclination of tho 
ffices of a hexagonal prism (see Table, vol. i. p. 721). And finally, if the principal 
axis becomes infinite, the faces of the rhombohedron become parallel to it, and the 
figure becomes a hexagonal prism identical with oo P ; in rhombohedral combinations 
it is liowcvor denoted by oo E. 

Ehomboliodrons occur in combinat ion with hexagonal prisms. With a predominant 
lit'XMgoual prism of the first order, ooP, or coE, a rhombohedron (of either ord^) 
coiTibines in such a manner as to produce three-faced terminations, the acumination-f^i!^. 
r< stilly symmetrically on the faces of the prism, and disposed altemat-ely ahoW.aiad 
b(‘low, as in calcspar oo E. — JE (fig. 260); on a prism of the second order, 
r])oinlx)hodron likewise forms threc-faeed aouminations, with its faces likewise disposed 
■iltornately above and below, but resting symmetrically on the edges of the piismi 
SIS iny/< 7 . 251, which is a form of dioptase, 

2. Scah nohedrons . — This form, represented inj^s. 262, 263, is produced by the 
extension of the alternate faces of tho doulde twelve-sided pyramid, jig. 234, p. 137. It 
if< bounded hy twelve scalene triangles, has two six-faced terminal summits, six four- 
fiieed lateral summits, eigliteen i dgesof three different kinds, viz. six longer and six 
tiliorter edges between the terminal and lateral summits, and six lateral edges forming 




a eigzag between the lateral aummita. The middle points of these latcnil edges art 
situated at the extremities of the secondaiy axes, so that these edges have the same rela 
tive situation as the lateral edges of a rhombohedron ; and in fact, the easiest way oi 
conceiving the generation of a scalenohedron is to suppose the princijial axis of a 
rhombohedron to bo elongated, and straight linos drawn from tlio extremities of tliif 
elongated axis to the lateral summits of the rhonibolicdroii. 

A scalenohedron is determined by the dimensions and position of the rhombohedror 
from which it may be conceived to bo fornied, and by the number of times tluit tlu 
axis of that rhombohedron must be multiplied to produce it ; tlie latter is indicated 
by placing a superior figure to the right of the symM of tlie rliombolu'dron ; tliiis {i 
scalenohedron whoso vertical axis is n times that of its generating rhombohedron mil 
XB denoted by the symbol mlX\ 

Fig. 252. Fig. 253, 


A 




Soalmohedrons are^ Airther distinguished as + or — , according to the position or 
ordfit the generating rhombohedron, or according as they are produced by the 
..^xtO^iliion of one or the other set of alternate faces of the primitive dodecagonal pyra- 
, The Opposite forms are shown in figs. 252, 253. The form + R® occurs in 

Jil^lcspar, constituting the variety called dog's-tooth spar {fig. 123, vol. i. p. 722). 

terminal summits of a scalenohedron are often acuminated with three faces of 
xhombobedron from which the scalenohedron may be supposed to be derived, the 
■‘’“'‘^binij^on-ed^es being parallel to the lateral edges of the scalenohedron, as in 
^^.f'hich IS also a form of calcspar. The lateral summits are also fi:equently 
by the faces of the first hexagonal pyramid oo P, and the lateral edges by 
»'o£the second hexagonal prism o»P2. 

trihedral forms . — The double dodecagonal pyramid wiPw {fig. 234) may 
amihedral in the same manner as the double eight-sided pristn of the ejuadratio 
viz. by the ^extension of each alternate pair of faces meeting in a 
thus produced is a double six-sido4 prism of the third 
^jj^opcagonal pyramid yields two such hexagonal pyramids of tlie third 




lisg'itti quo or other set of alternate faces is supposed to grow. The base 
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264k. Fig. 266. 




of one of these pyramids is represented by the full lines in {fig. 255), that of the 
other by the dotted lines. The lateral summita of each of these pyramids are situated 
between the secondary axes, and at unequal distances from each pair of axes. 

Hexagonal prisma of the third order, are produced in like manncf 

2 

from the dodecagon al prism. 

Tin's kind of hemihodry is strikingly exhibited in apatite. In fig. 241 (p. 139) the 
conibinution-edgo, which each face of 2P2 forms with the two contiguous faces of c»P, 
may be truncated by a face of a dodecagonal pyTumid, as in beryl {fig. 243, p. 140), 
m'Iktc the twenty-four small faces denoted by z belong to the pyramid 3P|. In apatite, 
however, only half of tliese comhinatlon-edgcsare thus truncated, viz. those which each 
fiicG 2P2 forms with the face oo P to tho left of it, while the one to the right remains 
unaltered {fig. 256). Tho truncation- faces, therefore (represented by m in fig, 266), 

belong to the hemihcdral form In like manner, of the two combinatlon-edgos 


Fig. 256. 


Fig. 267. 


Fig. 258, 



which each face ooP2 forms with the two contiguous faces ooP {fig. 242), one only fg 

truncated, tho faces p {fig- 250) belonging to the hexagonal prism 

The hexagonal pyramid of tho second order(p. 138)mayalBO become hemihcdral By 
obliteration of half of its faces in the manner just described, the resulting figort ; 

a double trianglar pyramid having an equilateral triangle for its base. It upW 

occurs alone, but is found in quartz, replacing half of the summits formed by Hie 
of the two opposite and equally developed rhombohedrons -i- K and - K (p-i40) 
the hexagonal prism co R. If the crystal were holohcdral, the whole of thee^ summits; 
would be thus replaced, and the combination would be that repre8^t^4n 267, 
where the faces x belong to the second hexagonal pyramid 2P2,j^ bdWjSV^, 

^oly half these summits are thus replaced, as representtMl by tle^es M t 

Ay- 256, ■ ’ 2 
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Hezamnal prisms of (he second order likewise becom e hcmihedral by the obliteration 
of half t beir faces alternately situated, producing triangular prisms. 

Tetartohedry,^Q,\ia.Ttz affords a remarkable example of a combination in which 
only one-fourth of the possible faces are present (p. 121). The conibination-odgcg 
between the faces jc and ccE are often truncated by faces ?/, belonging to a dodecngonal 
pyramid, 61^; but of the twenty-four faces belonging to this form, six only are present, 
as shown in 268. Qua:ctz likewise exhibits other forms of tctartohcdral develop- 
ment. 


Trimetrlo or Bbombio System. 


Prismatic^ Right prismatic^ Orthotypic^ Isoclinicy Jlolohcdro-rhombotrimetric System 
{Zwei- und zwiigliedriges^ ein~ und einaxiges System), 

Crystals belonging to this system have three rectangular axes, all of different 
lengths ; in other words, they are unequally developed in three directions at right 
angles to each other. The axes are likewise dissimilar in this respect, tlnit they ter- 
minate in dissimilar parts of the crystal. 

The three axes of a trimetric crystal are therefore sin gular axes (p. 120), and there 
is no reason for considering cither of them as a principal axis rather than the others. 

It is, however, convenient to regard as the principal axis, 
Fig. 269. that one of the three in the direction of wliieh the crystal is 

to the greatest extent prismatically developed, or to which 
the greatest number of faces are parallel. This axis we slnill 
suppose to be placed vertically, and denoted by the letter t\ 
Of tlie two secondary axes, the shorter, called the brachy- 
di agonal (a), will be supposed to extend from left to 
right; the longer, or macrodiagonal {h\ from back to 
front {fig. 269). The relative lengths of tlie three axes vary 
greatly in different crystals belonging to this system; in 
.sulphur, the proportion oi a\h : c is 081 : 1 : I'OO ; in neutral 
sulphate of potassium, it is 0746 : 1 : 0-673. 

0 1 5 : e s= 0*8 : 1 : 0-9. A pL'ino passing through any two of the axes is called a 
principal section, and is fm-thor distinguished as basal 
^ when it passes through the two secondary axes, macrodiagoiia 1 wlien it passes 
through the principal and longer secondary axis, brachy diagonal when it passes 
through the principal and shorter secondary axis. 

Fig. 260. The most general, and at the same time the .simplest form of a 

trimetric cr 3 ^tal, whose faces meet the axes at the dist.nnees a h c 
from the centre is a symmetric eight-sided pyramid * {fiys. 269, 
260), having its summits at the extremities of tlie axe.s. Its facr.s 
arc all scalene triangles. Its twelve edges are of three kind.s, viz. 
four lateral edges, B C, sitiiatetl in the ba.sal principal .section, 
four terminal edges, A C, in th(‘ macrodiagonal, and four terminal 
edges, A B, in the brachydiagonal principal section. All tlie 
three principal sections are rhombuses, but with different angles. 
Hence this form is called a rhombic pyramid. The six summitu'J 
are also of tliree kinds, viz. two terminal summits. A, two lateral 
summits, B, at the extremities of the brachydiagonal, and two 
lateral summits, C, dissimilar to the latter, at the extremities of 
the macrodiagonal. 

The generd symbol of a rhombic pyramid is ; 

a : 6 : c, or P. 

The particular form varies with the ratios between the axes. 
When two or more rhombic pyramids occur together in the 
same crystal, they are distinguished by symbols similar to those 
used in the preceding systems. 

If the secondary axes remain the same and the principal axis varies, the formala 




btkwmes: 


a : b : mc^ or wP, 


* Tt If imporUnt to observe how thfi Intorpretatl n of a crystallographic roitnula Tariei aecordiof to 
of symmetry of th** crystal,. tbiit K.to say, according to the system to wh|iph it belongs. In the 
system, the formula /i : 8 : c reji^sents a fljiure with only eight iWes, one In each octsnt, 
hrajs^ the dimensions of tho crystal l^gdlfTorent In the directions of aU jhree 4Xes, each of the 
ttlsranoee d. 6, c. Is measured along one ^fs only j but In the dlmetric sybte^, whose forms are equally 
ddvelnpM In ibedirectlons of the two seAmdary axes, each of ihe distances o. 8. mtut ba set off on each 
of those axes, whence there results a fl^re having twice the [(receding number of faces, that Is to say. 
•Uteen (» Iw ; the raonometric syitein. which includes the forms equally developed .in tb« 

dir^cri on dfiifrihr^ axes, the process last described has to be repeated three times, regarding each axil 
In idrn dl g principal axis ; hence results a figure having 3 x IG z= 48 sides (p. 127). 
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tte pyramid becoming more acute or more obtuse in the vertical direction, according 
,18 m IS greater or less than;l. 

Xf the macrodiagonal varies, while the other two axes remain the same, the formula 
becomes i 

a : no : c, OT rn, 

if th^ principal axis varies at the samo time ; 

a : nb : mc^ or mPn, 

which represents pyramids more or less elongated in the direction of the axis bf ac- 
cording as n is greater or smaller. In like manner, the variation of the brachydiagonal 
gives the forms : 

na i b : 7nc, or mPn. 

• 

’VThen morn becomes infinite, the faces become parallel to the principal or one of 
the secondary axes, and indefinitely elongated in the corresponding direction. 
a ; b : «<?, or ooP 

represents a rhombic prism, whose faces meet the secondaiy axes at the distances a, b 
from the centre (these axes forming its diagonals), and extend indefinitely in thedirec* 
tion of tho vertical axes. 

a : nb : «> c, or oo Pn, 
and na ; b : oo c, or oo Pn 

likewise represent indefinite vertical prisms, but with difTerent horizontal sections, 
a : 00 6 : nWf or mPao 

represents, in like manner, a series of prisms whose faces are parallel to the macrodia* 
goiial, and whoso sections perpendicular to that axis are rhombuses, having a and nw 
for their diagonals. 

<»a : b : me^ or wPoo 

represents a series of prisma whose faces extend indefinitely parallel to the brachydia- 
gonal, and whose sections perpendicular to that axis are rhombuses, liaving h and m e 
or their di agon ills. 

The prisma ;uPoo and wPoo , whoso faces arc parallel to one of the secondary axes, 
ire called domes (from domns^ a house), because they terminate the crystal in the 
rertical direction like pitched roofs (see/^.9. 266 — 268), and are further distii^iBhed 
18 macrodiagonal orbrachydiagonal domes, according to the direction in which 
:liey extend. The formula 

a : 00 6 : ooc, or ool^oo 

represents a pair of indefinitely extended planes passing through the extremities of the 
brachydiagonal, and at right angles thereto, or parallel to tho macrodiagonal section J 
and 

00 a : h : oo c, or oo P<x> 

represents, in like manner, a pair of infinitely extended planes parallel to the brachy- 
diagonal section, and passing through the extremities of the macrodiagonal. 

When c a= o (whatever may be tho lengths of the secondary axes), the form is re- 
duced to a single plane, the terminal face oP, parallel to the basal section. 

The prisms and the terminal planes, being unclosed forms, occur only in combination. 
The following table ^ exhibits a summary of all the forms of the trimetrio system 

• The formula Above gfren for this and the preceding Ayitems are thoie originally propoaed by 
oiann and adopted by Kopp and many other writers. Dana usea similar formulae, but shortens tnanftlly 
iiippresslng the P,aDd expressing Inflnity by i or 1, instead of oo. The primary fmnn uihc is denioted 
1 ; the other forms in the manner shown in the following table:— 


Kaiimann. 


Dana. 

P 


1 

WtP 

S3 

m 

«>P 

m 

1 

wpn 

.=s 

mSI 

m'Pn 

m 

mfk 


as 

fni 


m 

ml 

capos 

m 

ii 

otPoo 

3X 

n 

oP 

ai 

0 


The expreisfom used In the monometric, dimetric, and hexagonal systems are of similar character. 
These formulas are certainly shorter than those of Naumann, and the P in the latter (or the 0 in the 
'nonometrlc system) does not add much to the sense; but on the other band,NBumaon*s fonhUlii strike 
the eye better, and are more distinct from anything else in the text than the shorter formiiltt of pane* 
the mode of representation adopted by Rl II ler, see the new edition of Pkiliipri MHutralogift 
” • J. Brooke and W. H* Miller. London. IBM. j 

Vou II. 



m<l 


m > 1 


Poo 

Poo 

??iPoo 

00 P 00 

mPn 

Pn 

mPn 

00 P?i 

ml* 

P 

mV 

coV 

mPn 

Pn 

mPn 

ao 

mP CO 

Po. 

mP CO 

cop cc 
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[m denotes a nmltlplier Taiying in mngnituiJe from 0 to oo; » a multiplier Turing 
from 1 to 00 ] : — 

of^QO =s oP 
oP?t = oP 
oP 

ot;j oj 
oPoo =« oP 

Combinations* Thopyraiouls, prisms, domes* and end-faces of tlio trimetric sjateiu 
form a largo iiumlxT of combitiation.s, of which the following may be regarded os the 
most finporlant. 

The terminal edges of the primniy form are aenminated by those of an obtuser 
pyramid of equal base, tlio combination-edges being parallel to the lateral edges of the 
primary form, as infy. 261, which is a form of sulphur. The bra chy diagonal dome 
foo truncates symmetrically the macTodingonal ferminal edges 262), and in like 
manner, the macrodiagonal dome Poo produces symmetrical trnneaVion of the braohv- 
diagonal terminal edges, the. combination-edges being in both cases parallel to each 
other. Aon ter and obt user domes (wipQO or?//Pco, for which vi*l) would likewise 
replace the terminal edges wholly or partially, the combination-edges converging 
towards the terminal summits when the dome is more acute than the primary troin 
(«i> 1), and diverging in tlio contrary ca.se. 

The terminal summits of the primary form are truncated by the bn.sal ond-faceg oP 
(fy. 202); the mucrodiagonal summits by the hnichydiugonal end-faces ool’oo ; and 
the brachydiagoiml summits l>y the macrodiagonal end-faces coPoo . If these two 
paiM of end-fices predominate together with the primary form, the result is a combb 
nation hko^y, 203, a form of uranic nitrate. 




Fi]/. 202. 



263. 




bX the pri.,m 

P forms 4-f.wGd summits to it, the condS^nlb f ^ prcdomrnato.s, the pyramid 

(o each other, as in sulphate of zinc O/ 20 1) • buf in f pjjrfiJlel to the base ami 

ooP) are truncated by the l)rachydiaffniw)"™d aeater etlgtw in 

edges by the macrodiagonal end-facea a>Poo / braohydiagonal 

prism QoP bevelled by the faces of a r.,.' acuter edges of the 

(^■9.hy f>2,in/y.2fi5h:f:™7do ® -ection 

forms I and ooP, which have the same biJ’ ^ observed that the 

1 and oop2, which have difforent ba.ses *fom comhh^ r combination-edges ; whereas 

» “rs -c » wSy-^ir 

i: Sit'S t'Sir-i ^ ^r. 

inX edgea in which f? macro- 

broXdf^ni'ri’ '■cprc.aenM formate of barinm «• 

orachydii^nnl dome re.st on the prismatic e,u’ • ‘ foces formed by * 

nates, as m and ni„i.,te of caleinm (;?y 207)''^ wacrodiagonal term*- 
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Fig. 264 . Fig. 266 . 



Thf wlgps of oo!P may also Ijc rcplacod Tiy ojid-faces, on wliieli the hcvplUng-faces ot 
the dome then rest. Several domes of the same kind may also oecur together, as in 
fy. 268, a form of nitre, exhibiting the faces ooP, ool’cc , 2ta) , f eo , P. 

In selecting tbo primary form and the principal axis of a coniplieateil trimetric com- 
hination, the following consKlerations must he taken into account. When pyramidal 
and prismatic faces occur together, the pyramid is regarded as the primary form. When 

2GG. F^. 267. F/f/. 268. 



seyeral pyramid.^ occur together, the mo.st predominant is regarded as tho primary 
form, unless the greater number of faces can he more conveniently referred to one of 
the other pyramids. When trimetric ciystals are bounded only by prismatic and 
(lomc-faces, the predominant faces are regarded as belonging to the prism or the domes 
which have the simplest formula ( ooP, too , or too ), atid the axes of the primary form 
are determined accordingly. 

It has already been observed that the principal axis in a trimetric crystal is merely 
relative, not absolute, as in tho dimetrie and hexagonal sysfems, and that the axis in 
the direction of which the ciy’stal is most developed, or to which the greater number of 
cd{Tes are parall^jl, is usually r^*garded as tho principal. When crystals are partially 
imhedded in a maib^, or attached to its surface, the most completely developed extre- 
tnity is usually regaled as the upper, and tlie axes are determined accordingly. 
When a cry.stal exliibits only one set of pyramidal faces, these are regarded as primaiy, 
and the two axes which are most nearly equal are rogai*ded as the secondaiy axes. 
If a crystal exhibits only one pyramid and one kind of end-face, the axes are chosen 
BO that these faces may be represented by oP ; if it has two kinds of end-face besides 
the p^amid, it will appear symmetrically placed if one kind of end- face is regarded 
fis CO r 00 , the other as ooj^ oo. 

When a trimetric crystal exhibits prismatic faces, the axis to which these faces are 
parallel is usually regarded as the priucipal ; if it has prismatic faces parallel to several 
iixes, that axis is chosen as the principal in the direction of which the faces are most 
‘It'velopod. This rule may often apipear of uncertain application, because different 
t‘ryst;ils of the same substance maybe most developed in different directions; but 
wliou the choice of a principal axis has once been made, it must be maintained through* 

L 2 
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« U.. .( IH. »•"> ^ ^ 

dweloped in otU direnlioM. .^^^(nation of somowhat complicated ctyatala 

The following we examples of the (ivifirmiu 

belonging to the yVits considerable Tariety of form. The msfals 

Sulphate of i»t«ssmm K«O ert ^ development m the direction 

exhibit, for the most 276), is pinced vertically. The prima^, form;!* 

which, in tho jf l “ ^^es, represented by the dotted lines ms 

arhombicpyramidc a he “ . ,1' 0-5727 This primary form is often modified by 

in the proportion a; 6 ; c - « jao ■ - of this prism me 2« and 4, 

the faces of the vertical Pf ®™ -p,,, of its faces will therefore pass through 

or, what comes to the same iin|,«anU j^;„t of 06, parallel to 

the [siints a, « and » '’''® Ue| If tli^ pass exactly 

11“ '2‘S 'ST 1 •«>; r ■ “« ■" ? * £ii'; 



« ‘‘‘7 i th-it ite faCPS are rpiiliy ot two kiihis mu/, 

ftomafipxagonal pjrami^ thMicos ottp 2 appear sometimes km, sometimes more 
known from the wet that t^he lac ^ 27I. Moreover, the faeos oof 2 

developed in oryshds of ‘'l'’ ; and of the six edges 

f,!r!atorIl£ofaLagonalpri»m), two liebiig to the prism 2 , 7 * 6 ^ 

others are tcLinal edges of tho pyramid P. The former meet at an angle of 112 
41 ' the hitter at 112 "^ 22 '; the former may be replaced by ch^ivage-pliincs, the latter 
I’nt The twelve edgei, e«, ea'. da. da'. &e.. which might bo taken for the ter- 


Fiff. 269. ^^9- 270. 



minal edges of a hexagonal prism arc also dissimilar, four, viz. c a, ca\ c* c* a\ 
being terrriiriMl edges of P situated in the bracbydiagoiial principal section, and tho rest 
combination-edges between P and oor2. 

hify. 272, tho macrodiagonal terminal edges of P arc truncated by the faces of a 
pri.sm forming parallel combination-edges, therefore foo; and tho edges of oof 2, 
throngli which tho macrodiagonal passes, arc truncated by osf oo. The combination 
tiuis produced is very much like the* hexagonal combination ooP . P found in quartz 
(Jii/- ‘^'18, p. 139). Were this the only known form of sulphate of potassium, the axis 
which in^. 272 appears as tho brachydiagonal, would be taken for tho principal axis, 
because it is the ono in which tho crystal exhibits the most decided pri.smatic develop- 


271. 



% 272. 273. 
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Fig, 274. Fig. 275. 




foo), in which the j)rismatic faces oofoo, oof 2, parallel to the yertical axis, are by 
far the most predominant. In fig. 274 the faces oot2 and f oo predominate, so that 
tiic ?-faces become very small, but are still large enougli to show that the faces of 
tlie vertical prism do not form horizontal combination-edges with them, and conse- 
quently that this prism must have a different base (or its secondary axes in different 
i^roportiona) from P ; also that the predominant brachydiagonal dome forms with P 
(•oinbination-cdges parallel to tlio macrodiagonal section (and to each other), and 
therefore that this dome is f oo (not oo , where m is greater or less than unity). 
The crysbil has likewise small triangular faces belonging to a brachydiagonal dome 
more acute than f oo ; angular measurement shows them to be 3f*(» . 

Lastly in, fig. 275, the primary form P is combined with Poo , c»Poo , oo Poo which 
faces are easily determined, and tw'o vertical prisms, one of which fonns horizontal 
eoiiil*] nation-edges with P, and is therefore ooP, while the other evHently comes 
under the formula ooPn, and is found by angular measurement to bo oor2. 

A remjirkable example of the various directions in which crystals of the same sub- 
sfance may be prismatically developed, is aftbrded by native sulphate of barium, 
One of its fonns is shown in fig. 276, which exhibits several vertical pris- 
matic faces ; and as the same faces occur more or less developed in several other forms 
of the same substance, this axis is regarded as the principal. Regarding thepyramidal 
laces P us tlio primary form, two domes maybe observed, which truneate^symme • 
(rioally the acute and obtuse edges of P: these domes are therefore P oo and P oo ; but 
fJic vertical prism whose fficcs form wdth P, combi nation -edges not parallel to each 
other, is a secondary prism of the general form ooPw (wliere ti> 1), because the com- 
bination-edges which it forms with P diverge towards the macrodiagonal principal 
eoction [a prism ooPn^ in which n<l would form with P combination-edges converging 
towards that section]. Angular measurement shows that this prism is ooP2. The 
cnd-facc ooPoo is known by the horizontality of its combination-edges with Poo. 
Tlie fiices thus determined, oo jf2, oo f oo, f oo, P oo, also occur alone and with various 
degrees of relative development, producing crystals of very different character. The 
face ocf‘2 predominates in 277; P cjo in^. 278 ; Poo in^. 279; and accordingly 


Fig. 276. 


Fig. 277. 


i'Vy. 278. 




the combination is prismatically elongated in the direction of the vertical axis ii> 
Ay* 277, of the brachydiagonal i^fig 278, and of the macrodiagonal in fig, 27^, In 
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Whw,..™ «i. m.y ;» 


Fi^. 279. 


Fig. 280, 




is j?co , as in fig. 278 ; but Poo is likewise more dcwelopod ; oop2 is subordinate as m 
fig- 279 . 

Tlie elioiee of a primary form and principal axis for any substanee is binding, nol 
only for all crystals of tliat particular sub.stanco, but likewise for all tJiat are isomor- 
phous with it ; tli us the crystals of cmlestiii (Sr^SO^) must be referred to the same 
primary form and principal axis as those of hcvivy spar (Ba'^SO*), although cflRle.stiji 
generally exhibits a form like fig. 280, prismatically elongated in tho direction of the 
inacrodiagonal. Tho advantage of referring all isomorplioiLS crystals to the same 
priinary form and principal axis is, that tho corresponding faces are then moro easily 
made out and cxiU'essed by analogous symbols. 

Bemltiedral Porms. llhombic pyramids, by the growth of their alternate faces 


Fig. 281. 


Fig. 282. 



Ehombic sphcJioids have hitherto been observed onlv In 4 i 

able instance of sucli a combination is exhibited in fin 281 tb^ remark- 

siilphaf o of magnesium (Mg'SCB + 7ITO) in which 

r; 
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axis (p. 120), and therefor© the choice of a principal axis is to a great extent arbitraiy, 
08 in the rhombic system ; but it is usual to cousider one of the oblique axes as the 
principal, because most crystals belongijig to the system are prismatically developed in 
llie direction of one of these oblique axes. Of the two secondary axes, that which is 
obliquely inclined to the principal axis is called the clinodiagonal, and that which 
is perpendicular to the other two, the orthodiagonal. 

In representing inonoclinie crystals, the secondary axes are supposed to be situated 
in a liorizontal plane, the clinodiagonal d (fig. 283) extending from left to right, tho 
orthodiagonal a a from back to ^nt, and the prin- 
cipal axis c G from right above to left below. In this 
mode of representation, the principal axis and clino- 
diagonal appear of their true relative lengths, and 
at their true inclination (= 76® in the figure); but 
tile orthodiagonal is fore-shortened and appears ob- 
li.pie to the other two axes, though really perpendi- 
cular. Sections passing through the planes of any two 
axes are called principal sections, as in the pre- ^ 
ceding system, and are distinguished as basal, cli- 
nodiagonal, and orthodiagonal, according to 
tli(5 axes through which tlley pass. 

For eveiy inouocliiiic cr^^stul, the ratio of tho three 
axes (the length of the clinodiagonal being taken as 
unity) and the inclination L of the principal axis to 
tlie clinodiagonal, have to be determined by angular 
measurement and calculation. The value of L varies considerably in different crystals; 
in some it is nearly 90®, while in others it differs considerably therefrom. For ferrous 
sulphate, rt : 6 : 6- == 0*848 : 1 : 1*207 ; X =- 75® 40'; for felspar, a\b\c ^ 1*619 : 1 ; 
0 8U; X ^ 63® 63*. 

The primary form in this system is the monoclinic pyramid (fig. 283) bounded 
by eight scalene triangular faces, which meet the axes at the distances a, 6, c from tho 
centre. This, however, is not a simple form, for its faces are of two kinds ; four of them; 
wliiidi are opposite to tlie acute angles of the axial system and meet in the edges A above 
and below, aro escjual and similar to each other; and the four which are opposite to the 
olituse anglo.s of the axes and meet in the edges B, are also equal and similar to each 
Ollier, but unequal and dissimilar to the former. These two sets of faces may occur 
in combinations quite indopeiidoiitly of each other, and a monoclinic crystal may be 
ch.-avablc in directions parallel to one set of faces but not to the other. Neither of 
tlu'ni by itself constitutes a closed form; but the four faces of either set, if sufficiently 
(!.vt ended, form an endless prism obliquely inclined to the principal axis and the clino* 
di igonul. 

A complete monoclinie jiyramid has two terminal summits c c, and four lateral 
summits, two at the ends of each secondary axis. It lias four similar lateral edges I), 
joining tho latiTal summits, four similar tonninal edges C, joining tho extremities of 
the principal axis and orthodiagonal ; and tour other terminal edges joining the ends 
of the pu-incipal axis and clinodiagonal, tlio sJiorter ones. A, being opposite to the acute 
angles of tho axes, and tho longiT, lx oppo.site to the obtuse angles. 

'file primary monoclinic pyramid is denoted by the symbol P ; but as its two sets of 
faces :iro dissimilar, and may occur independently of each other, the four faces meeting 
in the edges A arc denoted by + P, and the four which meet in the edges B by — P y 
the closed pyramid containing all the eight faces is + P. 

From this primary fonn, others may be derived, as in the rhombic system, by 
variation of the length of either of the three axes. The variation of the jirincipal 
axis is denoted, as before, by placing before the P a multiplier wliich may have all 
^ allies from o to oo. The variations of the secondary axes are denoted by placing 
after the sign P, a number n, which may have all values from 1 to oo, the formula 
bring enclosed in brackets when tho variation refers to the clinodiagonal, not enclosed 
w!ien it refers to tho orthodiagonal. 

7/1 0 gives the cnd-facos oP, wliich cut the principal axis and are parallel to the 

other two. 

The iiyramids mP, acuti^r or obtuser than the primary form, according as w > or 
< 1, have the same base as P ; and, like that form, liave two sots of faces distinguished 
as -t- wep and — ;?iP. The oblique rhombic prism on the samo base os P, has the 
symbol 00 P. 

The pyramids {/nPri] and the oblique prisms oo P«, [ coVn] have rhombic 

^^^^ring in form from that of P. 

Ihe symbol [wPoo ] represents a series of clinodiagonal domes, that is to say, 
priama whose faces and edges are parallel to tho clinodiagonal. [1? oo] is tho clino- 
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diagonal dome of tbo primary form : its four faces are similar, and its transYerse 
•cctioDA are rhombuses similar to the orthodiagonal principal section, caca 283 ), 
mPoo is the symbol of a series of orthodiagonal domes, acute or obtuse, ac- 
cording to the value of m. The four faces of such a dome are not all similar ; two of 
them, which are opposite to the acute angles of the axid system, are distinguished as 
+ 7» P 00 ; the other two, which are opposite to the obtuse angles of the axial system, 
as — w P 00. Either of them may be present without the other. + P oo is the ortho- 
diagonal dome of the [)rimary fonn ; its transverse sections are similar to the clino- 
diagonal principal section. 

[ 00 Poo] represents the elinodiagonal end-faces, which cut the ortlmdiagoiial 
and are parallel to the principal axis and elinodiagonal ; oo Poo , the orthodiagonal 
end-faces, which cut the elinodiagonal and are parallel to the principal axis and ortho* 
di^onal. 

The following is a tabular view of the forms of the monoclinic system : 


oPoo « oP 
oPn = oP 
oP 


[oPw] - oP 
[oPoo ] « oP 


(m<\) 
+ wPoO 
+ mVn 
+ mP 
± [mPn] 
[rfoo ] 


+ Poo 

r ■> 1 ) 

+ Wfpoo 

oopoo 

+ Pn 

+ WAp/l 

ocP« 

+ P 

•f ^yi-P 

OcP 

± I F« ] 

± \u»V7i] 

[ cr.p»] 

[Pco] 

[/rtPoo ] 

[ QOpCO ] 


OombtnaUoiu. The monoelimc system does not include any closed simple foms 
“Ten «,« mT crystal belonging to it being a comWiiation of dissimik; 
faces fcvon the monoclmic pyramid, I*, is a combination of two licminyraniids o ieli 

*“ln mef “r to those of Uie otiiei’ liaif 

In monoclmic, asm rhombic crystals, the following rule is of great use in deter 
mining the relative positions of the faces ; Jnu two faces which /•«//./«> f tt 

The tsTl sec^r proportionally, intellect in an edge parallel J 

The combination of the basal end-face oP with the prism « P (fig. 281 ), so fre- 



quOTtly pr^omiiiates in monocliiiic crystals that ;♦ . 

starting point for tlie description of thT rest Xs r '‘T taken as the 

<1 wmil section, obliquely on the edges « k the La t >“ ‘ho clino- 

nation may sometimes be easily nnsbikon fit ®'^*'}"‘''‘tKonal section. This comhi- 
prismatic edgis, 6 are nearly 00 ^"^ the iml' " ’“'“''o^dron, namely whertt 
terrous sulplatc (Few/yH^or when *'«tween oP and «p! 

^gleof 800?7' inS:ei^with oopf* distinct 

, • “™- “eso angles would be 
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l* und the face + Poo is an isosceles triangle resting symmetrically on oP end 
^liquely on the two faces ooP, whereas, in a rhomhohedral crystal, the corresponding 
face oP of the hexagonal system would be an equilateral triangle resting symmetrically 
on ah three faces. 

The clinodiagonal edges h of the prism oo P are symmetrically truncated by tlie 
ortliodiagonal end-faces ooPoo, as in sugar {fig, 286). When this combiniition is 
developed at one end only of the orthodiagonal, it is not easily distinguished from the 

hemihedral combination ooP. ? of the trimetric system, exhibited by sulphate of 
magnesium {fig, 281, p. 150), supposing this latter to be developed at one extremity 
only of the principal axis The two faces of fig, 281 may then exhibit much the 

same character as the faces ooP of the oblique rhombic prism {fig. 286), two faces 
OD P of fig- 281 being likewise situated like the basal end-faces oP of the oblique 
prism, and the other two like the orthodiagonal end-faces ooPoo . The two forms differ 
however in this respect, that the four faces c»P of the rhombic prism are similar, 
whereas the faces oP of the monocliuic crystal arc dissimilar to the faces ooPoo . 

The orthodiagonal edges a of the prism ooP are symmetrically truncated by the 
clinodiagonal end-faces [ooPoo], as in ferrous sulphate {fig. 287), and in acetate of 
sodium {fig, 291). 

Fig, 286, Fig. 287. 




The combination-edges between oP and ooPoo {fig. 286) are of two kinds, two acute 
(tlie right above and left below) and two obtuse (the left above and right below). The 
former are truncated by the + faces, the latter by the — fjices of the ortliodiagonal 
dome +P®* Fig. 288, shows the acute edges truncated by -»-Pqo, a modification 
often occurring in sugar. The four combination-edges between oP and [ ooPoo ] are 
similar, and are truncated by a clinodiagonal dome [Poo ], as in ferrous sulphate 
{fig, 289). 

The combination- edges between oP and ooP {fig. 284) are of two kinds, four acute 
w (the two right above and tlie two left below) and four obtuse v (two left above and tw'o 
right below). The former are truncated by the + faces, the latter by the — faces of 
a ])yramid + P, having the same base as the prism. Fig. 290 shows the former in 
the combination ooP. oP, +P of formate of copper; fig. 291, the latter in the com- 
bination ooP. oP. [ooPoo]. — P of acetate of sodium. The and •— faces of P 
may likewise occur together, as in the form of ferrous sulphate shown in fig. 292; but 
this is accidental, the occurrence of cither set of faces being quite independent of that 
of the other. 

The combination-summits between oP and ooP {fy, 284) are of three kinds. Four of 
them, jf, situated in the orthodiagonal principal section are similar, and are truncated by 
the faces of a clinodiagonal dome [P ooj, or more generally [mVee ], as in sugar {fig. 288), 
mid in ferrous sulphate {figs. 289, 292). Of the other four combination-summits, y, 
(situated in the clinodiagonal section), the two, z, which are opposite to the acute angles 
of the axes, are acute, and truncated by the + faces of an orthodiagonal dome + Poo 
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or 4- 7/iP<xi , wIjiJft Mio otlier two, y, opposite to the obtuse anf^Ies of the axes, are obtuse 
and are tninea ted by the ~ tacos of an orthodiagonal dome. Fiff. 293 exhibits the former 
of I hose modifications, Jl^. 294 the latter, and Jig. 292 both together. All these are 
forms of ferrous sulphate. When tho + and — faces of the primary form P occur 
together, the terminal edges, C {Jig. 283), between tho principal axis and the ortho- 
dijigonal niay be truncated by the elinodiagonal dome [Poo ], with formation of parallel 
co.nbinatioji-cdges, as in Jig. 292. The terminal edges of P opposite the acute ano-lea of 
tlie ax<‘s (the edges A, Jig. 283) are truncated by + Poo , with formation of parallel 
combinution-edg»*3 ; and those opposite to tho obtuse angles of the axes (B fin. 283) 
are replaced in like manner by —Poo . Both these modifications are seen in fa. 292. 
The 4 - and - faces of an acutcr macrodiagonal dome replace these summits, * with 

292. Fig.2n. ^ Fig.2U. 
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— P faces, with p^llel combination-edges. In the same figures, the faces of an 
obtuser dome — | P«> included in the general formula — ;»Poo (where m<\) may be 
recognised by forming with two contiguous — P faces, combination-edges which diverge 
towaixls the ends of 3ie principal axis. 

The orthodiagonal edges of ooP are boYolled by the faces of a prism of different 
base [ ooPw] with longer clinodiagonal, as seen in Jig. 296, where the beveling faces 
are [ «»P2] ; on the other hand, the clinodiagonal edges of ooP are beveled by the 
fact's of a prism ooPw, with longer orthodiagonal. 

The ends of tho prism ooP are acuminated by the + and — faces of the pyramid 
P with equal base, as in gypsum {Jig. 300). As tlie faces + P and — P are quite inde- 


Fig. 300. Fig. 301. 



pendent of each other, one sot may bo quite subordinate or even absent, in which case 
the opposite set of faces form oblique bevelings at the ends of tho prism, as in gypsum, 
. -P . [ ooPoo ] {fig. 302), and augite, ooP . + P • [ ooPoo 1 • “1^°° (fyr 303). 

Paces of other pyramids likewise occur in monoclinic combinations, but generally of 
such as have the same base as tlie primary form, with a different principal axis*( those, 
:n short, which are included in tho formula +wP; thus borax exhibits the combina 
tion ooP.ooPoo . oP +P. +2V{fig. 304). 

The preceding details show that monoclinic oombinations generally exhibit consider 
able analogy to those of the trimetric system; the chief .difference between the two 
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is that in the former, hemipyramids and hemidomes occur, whereas in the latter the 
pyramids and domes arc generally present with all their faces. A trimetric crystal 
properly placed, exhibits the same development in front as behind, and the same 
to the right as to the loft; but a monoclinic crystal placed as described at page 161, 
though it exhibits the same development above backwards as above forwards, is 
differently developed to tlie riglit above and to tlie left above. 

The choice of a principal axis is snhj<‘ct to tho same uncertainty as in the trimetric 
system, arising from tlie circumstance that dilferoiit crystals of the same substance 
may exhibit the greatest prismatic development in different directions. An instance of 
this is afforded by the two forms of fc-Ispar represented in 305, 306, tlie former 
being most elongated in the direction of the principal axis, the hitter in that of the 
clinodiagonal. 

The determination of monoclinic erysttils is affected with a further source of unoer- 
tainty. In t in* case of a trimefric erystal, doubt may exist as to the choice of the prin- 
cipal axis, and as to the dimensions of the primary form, but not as to the qmility of the 
several faces, ?. c. whet her they are fvyramidaJ, prismat ic, or terminal. But in a monoclinic 
crystal, any two similar faces maybe regarded as terminal, or as forming a hemi-dome- 
any four similar faces as forming either a prism, or ti eliiiodiagonal dome, or a hemi- 
pyraniid; and in fact the same facias of a monoclinic crystal are often regarded in different 
lights by diffenmt oliservej-s, according to the part‘ieiilar varieties wliich have como 
under tlieir notice. If gypsum occiirnul only in tlie form shown in /<;. 302 the faces 
I liere marked -B might just as well l)e regarded as belonging to a clinodiagonal doim^ • 
but tho oceurronce of the variety of the same substance represented iuji// 301 renders 
the firmer view of these faces iircfcruble. The only rule that ean be given for these de- 
terminations IS to ciuiose the axes and assign the rdations of the fac vs in the siniolest 
possible manner, having ivgard to all the varieties of form that a sulistancc presents 



combination. a« already ol Lved S v«vie7Vr’ ; "1’’ “™ •=‘1““'- 

my ba di^ingaished in^llil^tnt of Tf ^‘j^'bohed^n,' but 

of its modifications (pp. 141 152) Thot-thnU^ ^ ^ fficos, and by the character 

of the terminal facei, aa in ;eetaL of z^nc oP tho predominance 

whore the predominant faces are oP iml in f ’ ^ + 21 oo . oopoo (^.307), 

form arises from tho predominance of + ^ where tlie tabular 

309, which fontair^c fac^erjiff this form 

or more hemipyramids, as in gypsum ‘h® “seurrenco of ono 

ferrous sulphate, which sometimScrysbilSs In H. ®“>nplo is afforded by 

•aj^. 286, hut with the faces + Poo^moro develop ““® 
Slum (y^. 296) also assumes the pyramidal fnrtn ^ onw'HP^®*'® nickel and potas- 
faecs + 2P» and +P. Pl-mnnclal form, 297, by the enlargement of the 

hut four faces, hemih^ral fi^s^w not**of ‘f® '"°“°«Mnic system have at most 

eijee ,8 that m which the elinodia^nal tme occurrence. The most orffinaty 

h’l der (-^.288). the two front ftmes of t^^dom'®*®" 7“^ 

roi^L nf ‘“ctaric acid also two P^®”‘ without the 

fomtionof the crystal) are present without ^eXL^ wb^ ^'*'® 

we otheis, whereas m antitarturic %dd 
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(i. 348)i differs from the ordinary acid only in possessing equal hut opposite optical 
rotatory power, the other two faces of the same dome are present. Two ciystals ex- 
liibiting this opposite hemihedrul development are related to one another like an 
objt*ct and its reflected image, or, like the two hands, or the two halves of the face; 
tliey arc similar but not superposible. This hemihedral relation is frequent in sub- 
stances possessing the power of circular polarisation. 

BloUnlo System. 

dicUnoinetric, Diclinohcdral, Hemianorthic System, — In this system, two of the axes 
are at right angles to each other, while the third (which may be regarded as the 
principal axis) is oblique to the other two. The occurrence of diclinic ciystals has 
not yet been demonstrated with certainty, and as their simple forms and modes of 
combination are very similar to those of the following svstem, it is unnecessary to 
(lv\'ell upon them. The primary form is a symmetrical eight-sided pyramid, the basal 
section of wliich is a rhombus, and the other two principal sections rhomboids. 

Trlcllnlo System. 

Tridinometrio, Triclinohedral,, Anorthic, Anorikotypic^ Douhly ohliqtie prismatic^ 
CJ'morhomhdidal System {Ein-und eivglicdrigcdy Tdartoedrisch-rhombisch-trimetrischcs 

Sf/sltni). 

Crystals of this system have three axes, all obliquely inclined to each other, and (in 
Jill actually observed forms) of unequal length. The axis in the direction of which 
the crystal is for the most part prismatically developed, is regarded as the principal 
{ixis (c), the other two as secondary axes, the longer being called the macrodia- 
gojial {/)), and the shorter the brachy diagonal (a). In representing triclinic 
crystals, the secondary axes are su]>posed to lie in a horizontal plane, one or the other 
l)('iiig drawn from left to right, accordingly as the peculiarities of the crystal may be 
most conveniently exhibited. 

I'or tlic complete determination of a triclinic axial system, five magnitudes must be 
given, viz. file lengths of two of the axes referred to the third as unity, and the three 
acute angles which they form with each other; and for this determination, five inde- 
poiKb'iit measurenients of tho inclinations of planes are required. 

Tlie primary form in this system is a pyramid whoso faces cut the three axes at the 
distances a h c fi*om the centre. Fig. 311 exhibits such a pyramid, which may be re- 
garded as tlic primary form of sulphate of copper (CVSO* + 6H^). a a is tho brachy- 
iliagonal, h b tho macrodiagonal, c c the principal axis; a: h : c — 1*027 : 1*816 : 1. 
Tlie acute angles of the axes are a : b 77^ 37'; b : c = 82® 21'; a : c ma 73® 10'. 

The eiglit faces of this pyramid are of four kinds, only each pair of parallel facet 
Iteiiig .similar to each other, and each pair may occur in 
comlu'iiations quite independently of the rest. The six Fig, 311. 

summits are of three kinds. Tho three principal sections, 
and indeed all sections parallel to any tw'O of tho axes 
aro rhomhoVds. Of tho twelve edges, only the parallel 
pairs are similar. 

Of the four front faces of the pyramid, the right above 
is designated by P', the right below by P , the left above 
l>y 'P, tlie left beloflr by P ; each of the back faces is 
designated by the same syinT>ol as tho front face to 
whicli it is parallel. 

Other pyramids having the same base as the priraary^form are denoted by the 
general symbol wP, and those having different bases by wPw and wifw, just as in the 
tnmetric system. Each of these pyramids has faces of four kinds, each pair of paralh‘1 
faces being independent of tho rest, and capable of occurring without them. The 
several faces of any individual pyramid are distinguished as to their position in the 
manner described for tho primary form. 

There are also triclinic prisms, oeP, of the same base as the primary form ; also 
prism^ with different bases, oopw and ootw. Of the four faces of these prisms, only 
the parallel pairs are similar, and either pair ma^ occur without the other. In the 
prism ooP (for a position once determined), the right front face and the one behind 
pamllol to it are denoted by ooP', the other two by oo 'P and similarly for the other 
prisms. * j , f j 

Oomes parallel to either of the sccondaiy axes are denoted by the general symbols 
mPeo and wPoo ; in tliese also only the opposite flices are similar to each other; n 
pair of such faces occurring (for a given po.sition of the ciystal) in front above and at 
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itiia. bade bdoTT are denoted br the ^mbo! j»'f 'oo , or jw'l^’oo ; in front below, and 
behind above, by , op w ; to the right nbove and left below by m^P'oo , 

OP w f 'oo ; to the left above ani right below by w'P qo , or viP^cc . 

Lastly, there are the basal end-facos oP, the macrodiagoiiiil end-faces ool^oo , and 
the brachydiagonal end-faces qoI^qo , each pair of which cuts one of the axes and is 
parallel to the other two, as in the trimetric system. 

All triclinic crystals are conibinatious made up of paii’s of opposite faces of tlio 

simple forms. Each pair of parallel faces may 
Fi^, 312. be designated in various ways, cither as einU 

faccs, or as parallel faces of a prism, or of a 
pyramid. If, as frequently happens, three pairs 
of faces are predoTuinant, as in 312, tlie 
upper and under faces may be rtjgarded as oP, 
the otliers as oo/P and ooP/, or as oopoo and 
oof oo . 

Fiffs. 313, 314, 316 represent three forms of 
sulphate of copper, referred to the primary 
form represented inj^y 311. 

Fig. 313 consists of the primaiy form moditied by the end-faces cepoo and ooPoo, 
and the homiprisms oo/P and oof/* however, only the P' faces of the primary 
pyramid are present (the top and bottom faces in the iignre), and these facies, 
together with the faces parallel to the principal axis, are extended till tliey inert, 
the result is Jitj, 314, tlie most common form of sulphate of copper. Other fa(‘es like- 
wise occur, though less developed. In determining the relations of these, and of tri- 


Fi^. 313. Fig. 314. Fig. 315. 




clinic combinations in general, the same rule holds good, ns in the other systems, vi?j. 
that faces whose combi nation-eilges are parallel to a principal section, cut the two 
axes contained in that sj^tion at propoi-tional distances from the centre. In Jig. 315 
the hemidonios 2^Poo, ^P'oo, 'Poo, 2'f oo , and the basic end-face oP, wliich arc all 
parallel to the brachydiagonal, form with one anotlior and with oof co comliination-cdgrs 
parallel to the basal principal section ; oP forms with P' an edge parallel to that ix*- 
tween K and ooP^. In ^. 314, the fudges between P' and cePoo are parallel to tlifi 
macrodiagonal principal section; the faces wliich ^in Jig. 315) truncate these edges cut 
the principal axis and macrodiagonal in the same ppo])ortion as P', that is to say, i^ 
they are also parallel to the brachydiagonal, they belong to the dome foo . The face 
/P<» is recognised by this character. 2 Kqo truncates the (acute) edges between P 
and oo^P. The edges between P' and ooPoo are parallel to tlie brachydiagonal priii- 
cipal section ; in Jig. 316 they are partly truncated by the faces of a pyramid, 2P'2, 
which cuts the^ principal axis and brachydiagonal in the same pro|>ortion as the 
primary form ; instead of these faces, or together with them, are sometimes foufid tha 
faces 3P3. 

The between the end-faces parallel to the principal axis and the adjacent 

pnsmanc ^es are dissimilar, and either may be niodifiod wiMiout the other. Thus, in 
tbfi edges between ooPoo and oo/P are often truncated by 
wnue those between ooPoo and ooP/ remain unaltered; similarly, two fcices 
of »P^2 are often present alone, as truncations of the edges between ooPoo and 
ooP , 
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Affffreiratlons of Cryotalo. 


Crystals of the same substance are frequently united in groups, sometimes re^larl^, 
tnewmos irrc^arly. Alum often forms groups of ciy stals regularly combined m 
tho manner shown in Jigs. 316, B17, the octahedrons being united with their edges 
n-irallel to each other. 

^^gregations of cubes end to end, so as to form elongated prisins, are also of fre- 
uont occurrence, as in chloride of potassium, wliich, under peculiar circumstances, 
has been seen to form thin silky threads, like tufts of cotton grass, made up of micro- 
•V)t»ic cubes ("Waring ton, Chem. Soe. Qu. ,T. viii. 31). Chloride of sodium some- 
times crystallises in such a manner that four such prismatic aggregates of cube® unite 


Fig. 316. 


Fig, 317. 




together hy their extremities, foming a hollow frame, and on this frame smaller ones 
similarly constituted aro successively built up, till a four-sided pyramid is produced, 
roiTi posted wholly of little cul)es ; sometimes again it assumes the inverted position, like 
a funnel. 

Groups of crystals (excepting when formed of cubes or prisms laid end to end) may 
nlwnys he distinguished from single crystals by presenting re-entering angles (Jigs. 316, 
;U7)! Sometim(\M, however, the re-entering angles are so shallow' as not to be percepti- 
ble w'itliout tlio use of bighly magnifying powers; the crystal tben appears striated. 
}^uppns(', for example, the numl>or of octalicdrons united as in Jig. 316, to be so much 
increased, and the distanee between the Jiorizontal parallel edges proportionately di- 
Tninishr-d, that the individual ciystala can no longer be distinguished. The mass would 
then present the appearance of an octahedron having its horizontal edges replaced by 
pri.'iTiiatic Aices, and the.se faces horizontally .striated. Such striations, which aro fre- 
fpieiitly olnserved on the face.s of natural ciy'stjils, afford good indications of the internal 
structure of the crystal, and of the manner in wliich it has been formed by the juxta* 
position of successivo layers. 

Twin Crystals* 

Wlicn two crystals are regularly aggregated, but not according to the parallel mode 
of arrangement ju.st described, they are called twins or madias ; twins by contact, 
if the two individuals extend only to the plane of junction; twins by intersection, if 
c.'ich of them is continued beyond this piano and through the suhstanco of the otlier. 
The plane of junction is always parallel to a face oftlio crystal cither actual orpossildc, 
and one of tlie crj’stals is turned from its original position through an angle of 180^, 
round an axis perpendicular to tlic plane of junction. 

The tw’o crystals thus united aro seldom fully developed, but for the most part 
only fragments of an ideal crystal ; in many cases, each of them is the half of a com- 
pletely developed crystal, and then the combination is called a hemitrope; such ag- 
gregates may bo 8uppo.Sf:‘d to bo produced by cutting a perfectly developed ciystal in 
halres parallel to one of its face.s, and turning one of the halves through an angle of 180‘\ 

In the regular system, twdn crystals of this kind are found bearing this relation 
to the regular octahedron, as showm in the aniicx<?d figures, where, if we supjioBe the 
octahedron (fig. 318) to be cut in two by the horizontal plane indicated hy the dotted 
lines, and the upper fragment turned half round, the Iw'in eiystal (Jig, 319) wiU ho 
produced; exflmph>s of this arrangement are found in nitrate of lead, alum, magnetic 
iron' ore, spine], &c. Ilemitropes also occur formed in like manner ffnom the cubo, 
regular dodecahedron, and tetrakis-hexahedron ; an example of the last is found in 
native copper. 

In most cases, twdn-crystals thus formed may he distinguished from .simple ery.stals 
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waMJtMSCiittiice of re-entering nngletfS nnder peculiar eireumstoncea, 
myM formed without reentering angles, as in some caa^ when ea<^ tng^dw al m 
^III^ Oan the half of the ideally mirfect crystal, or when the plane ofjmiTOott u at 
riflilt allies to the faces through which it passes, aa in some cases of twin*fopination 
from -the regular dodecahedron. (See Kop})*8 Krystollogra'phe^ p. 87*) 


^iir.318. 



Fig, 319. 



Intersecting twins are often formed from the cube (as in fluor-spar, galena, sal- 
ammoniac, chloride of potassium, &c.), the piano of junction (passing through the six 
reentering angles situated in one plane) being situated like the face of an octahe- 
dron 320). In these twins, and in all those which are derived from the holohe- 
dral fo™ of the regular system, the individual crystals are intergrown in such a 
manner that their axial systems are not parallel to one another; indeed, two holohedral 


Fig. 320. 


Fig. 321. 




forms, so long as thoir axes remain parallel, can only unite so as to form aggregates 
like those represouted in jigs. 316, 317 ; as soon as tliey are brought together in such a 
manner as to have a common centre and parallel axes, they coincide altogether. Hut 
hemihedral crystals often form intersecting twins, with parallel system of axes, like tho 
two tetrahedrons in jig. 321, because, though the axes are parallel, tho faces may lie 
in opposite directions. 


Fig. 322. 



FUj. 323. 



In the dimetric or quadratic system, twin-crystals occur both with parallel and 
non-parallel systems of axes. The fomer occur but rarely, and, as already explained* 
only in hemihedral forms. Intersecting twins, like jig. 321, are sometimes formed fh)in 

quadratic spheroids, , as in copper pyrites. The same mineral also forms hemi* 
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tropic crystaH like fy. 319, deriyed from t^e quadratic pyramid + 

i^uallv which has the same* shape as the rc^hir octahedron. 

^llut the most frequent twin-formation in the quadratic system is that formed by 
two crvstshi united by a face parcel to Poo , one of them being turned half rtiund. 
\'ia 3^2 is a form of tin-stone, qoP . P . ooPoo . Poo . If this cry§Ul be d^^ded iu 
tlie middle by a plane parallel to Poo , and tho lower half turned through an angle of 
380® the form represented in/^. 323 will be produced. 


Fig* 324. 



Fig. 326. 



Fig. 326. 


Fig. 327. 


In the hexagonal system, intersecting twins are formed by two rhombohedroni 
pciK'trating each other like tlio 
eiilicH h\Ji(j. 320, and having the 
face op in eoinmon ; this form is 
exluhitod by ehabasite. Contact 
twins are exhibited by several 
ftrins of ealespar; thus, if we 
Mippose tlie crystal represented 
in jhr. 32*1 to be cat flirongli the 
by a Iiorizontal piano, and 
tljc ]n\v(T lialf turned Jialf round, 
a lioniitropic form will result, like 
in fnj, 32o, M’-hich has tlio 
pfi'iillarit y of not exhibiting any 
IV rntcring angles. The scale- 
iiolu-ilivai {jig. 326), cut through 
Da* middle and turned half round, 
yields tlio form shown in 7%^. 327, 
uliii-h i.s oft<'n very regularly de- 
veh>|ped in cnlcspar. 

Iji the t ri m etr i c or rhombic 
sy s t e m, twin crystals with paral- 
lel axial systems arc of very rare 
ocearreiu’o. In those with non- 
parallel axes, the ciystals are 
generally united by a face of tho 

prism ooP, or of tho macrocliagonal dome T’eo, or of the brachydiagon^l dome foo. 
r o/. 328 shows the combination ooP. oofoo . f oo occurring in arragonite. If we 
f^uj'poHo this fonn out in halves by a plane parallel to the left front face ooP, and the 
let! hand fragment turned through 180°, the hemitrope {fy. 329), which often occurs 
in arragonite, will be produced. The re-entering angle between the two front faces 
however, frequently overgrown by the enlargement of the adjacent faces ooP. 
Jf we suppose the combination P , I* oo . oo 1^2, occurring in sulphate of potas- 
suiin 330 without tho face 3f c» ), to be halved parallel to the face Poo in front 
Mow, and the lower half turned round 180°, the hemitrope, fig. 331, will result, 
^ T ^ common form of sulphate of |X)tiissium, 

In the mono clinic system, as homihedral forms aro very rare, nearly all the twin 
crystals which occur arei such as have their axial systems not parallel. The contact 
clined** always parallel to the orthodiagonal and one of th^ obliquely in- 

hasie. end-face oP. 




that is to say, either to tho orthodiagonal end-faces oo Poo , or to the 


Vor.. II. 


The twins are for the moat part contact twins. 
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to be cut in halyes by planes passing throng the orthodiagonal and principal axis, 
and one half of the cmtal turned through an angle of 180®, the first will produce 
fiq. 338, the second, fy. 33o, and the third, fig, 337, twin formations of frequent 
ooeiirrefl^ in the substances ahoro mentioned. 

In many instances, the two half-crjsfals composing a heniitrope formed in this 
manner, are not Bucli as can be derived from the same, but belong to different 
crystals. An example of tliis mode of formation is presented by felspar (orthoclase). 


Fig. 338. Fig. 339. %. 340. Fig, 341, 



if tlic combination, ocP. [qoPoo].oP. + 2Poo {fig. 338), exhibited by this mineral 
)'0 supposed to revolve through 180'^ round a line<7^>, perpendieular to the ortlio- 
dia-roiiiil section, it will bo brought into the position shown in fig. 339. Tliesc two 
(TYstaLs (which we will denote by y? and q) are, therefore, in the relative positions re- 
(piircd lor the formation of a twin crystal, according to t4ie manner under consideration, 
lint I he mode in wliicli they aetually imit« is this: Supposing each crystal to l>e cut in 
halves flirough the cliuodiagonal section (as indicated by the dotted lines), the front 
lialf ofp unites with tlio hack half of producing//;, 340, and the back half of p with 
the front half of /;, producing/^. 341, The two twin crystals thus produced are ro- 
Liled to one another in form just like an ohject and its image reflected in a mirror. 

In all the preceding twin foinnations of t'lie moiioelinic system, tlie principal axes of 
I'lo individual eryslal remain parallel, though the st'condary axes do not. When, 
lidwevf'r, the eon fact-faces are. j)arallel to tlie basal end-face oP, the principal axes of 
flic- two halves do not remain })arallel ; such a mode of union is exhibited by acetate 
of copper (fig. 342). If tliis crystal bo cut in lialves parallel to oP, and the lower 

342. Fig. 343. 



lalf tuTOcd round through 180®, the result Is the hemitropic crystal shown in fig. 343. 
it the development of each ciystalliiie fragment be continued beyond the contact plane, 
an udoreeetion twin will result; such a mode of formation is exhibited by spliene. 
n the tri clinic system, twin crystals are of somewhat rare occurrence; an example 
triclinic felspar (albite). The contact-face is in many cases 
rarullclto copoo (corresponding to ooPoo in inonoclinic felspar), and then twins are 
pi-Of uced resembling 340, 341. In other cases, it isparaUcl to cofoo (correspond- 
ig o 1 ooPco ] in monoclinic felspar), and these last-mentioned twins exlubit the tri- 
character very clearly. If a crystal of monoclinic felspar be cut in halves 
tl»A , clinodiagonal principal section, and one half turned round through 180®, 
exhibits the same form as before; for the portions of the oP faces 
fappfi together fall into one plane, as also do the contiguous portions of the 

osP ^1-^' ^ crystal of triclinic felspar (fig. 344), in which oP is oblique to 

^ divided through the brachydiagomd section (as indicated by the dotted 
form ’t • half turned round through 180®, a hemitropic crystal (fig. 346) will be 
oP J 15g«re)i ol^, of the one half forms with 

I the other hal^ a re-entering angle of 172® 48'; and Foo forms with a ro- 

ua 
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entering angle of 175° 12', whilst at the.other end, the corresponding faces are inclined 

to one another in projecting angles of tl»c same ma^itude. •* j v 

Twins also occur in the triclinic system, in which tho individuals are united hj a 
faeo parallel to oP. 


imperfect and BIstorted 

Crystals are often imperfectly developed, or not bounded all round by crystalline 
faces, in consequence of being attached on the side to a matrix or to the surface of a 
vessel ; and in very many cases they are distorted, that is to say, some of their 
similar faces are more dovclopt'd than others, and may tlius acquire even a different 
form. In all cases, however, their inclination to each other and to the axes remains 
unaltered. Every distorted crystal may be referred to a regular form, by supposing 
certain faces of tlio latter to approach nearer to tho centre than the rest, or slices to be 
cut from tlie crystal parallel to certain faces. 

Octahedral crystals of the regular system, such as alum, often exhibit only one 
eomijletc octahedral face, the crystal having groNvn to the surface of the vessel by the 


lig. 34d. 347. 



face a h ed ef {fig, 346), so that the portion below that plane has not been developed ; 
sometimes only the middle of the crystal, shown in fig. 347, is developedy as if the octa- 
hedron {fig, 346) had been sliced parallel to the right front face O, as indicated by the 
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A tied lines. Nitrate of lead, which crystallises in the middle form between the cube 
octahedron (^. I7d)» often exhibits only portions of this form, like that bounded 
bv the thick lines in fy. 348, the crystal having grown to the surface of the vessel by 
the plane cl h c d 6 J' parallel to O, 

Cubic crystals are often reduced to square plates by being less developed in the 
dii-ection of one axis than of the other two; sometimes again they are more or less 
elongated in the direction of one axis, as if a number of cubes had grown together by 
their hices, and thus acquire the appearance of elongated square prisms (p. 159), 

Octahedral crystals also are sometimes elongated in the direction of a line joining the 
middle points of two of their opposite fac'es, as shown in^^. 349, where the thin lines 
represent the ideal octahedron and the thick lines the distorted form. This distortion, 
wMch ia seen in chrome-alum and nitrato of lead, gives the crystal the appearance of 
a rhombic prism bevelled at its extremities by the triangular faces resting perpendicu- 
larly on the acute edges of the prism, 267, p. 147. 

Similar impeifections and distortions occur in crystals belonging to the other systems. 
A quadratic pyramid {fig. 217, p. 133) may be shortened or elongated in the same 



manner as the regular oetaliodron, exhibiting forms like //V/s, 347 and 349. The com- 
bination of P and oopoo equally developed {fig. 350), which is the normal form of 
pofa'^sio-oiiprie chloride, often apju'ai’s distorted in the manner sliowri in fig. 351, hy 
elongation in the direction of a terminal edge of the pyramid, thereby acquiring the 
appoaraneo of a hexagonal prism with trihedral summits. 

Quartz, the normal form of which is a hexagonal prism with pyramidal sujnmits 
P . ceP {fig. 154, p. 317), seldom or never exhibits this form in perftjct regularity, some 
of the fact's being more developed than others, as shown iwfig. 352. Rliombohcdrous 
also are often reduced to plates by shortening in one direction between two parallel 
faces, or elongated to prisms by abnormal development in the direction of one of the 
eOgesL 


Fig. 352. Fig. 353. 



In the trimetric or rhombic system, the most common distortion arises from the 
'^^iuhI development of the four faces of a prism ooP, two of them being larger and 
nearer to the centre than the rest, so that the transverse section, and the end-face in 
the combination ooF . oP, is altered from a rhombus to a rhomboid. The true 
Character of the crystal, may, however, be recognised in such cases hy the cleavage 
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and by tbe modiftcation^. The crystal, if cloavablo parallel to the prismatic faces, 
BplitH as easily in the direction of the smaller as of the larger of these faces. If an 
edge of the distorted wism is truncated, the truncation-face is equally inclined to the 
two adjacent faceslj ooP, and if its ends are beveled by domes, the faces of the domes 
are likewise etjually inclined to the two prismatic faces. 

Mo no clinic crystals exhibit similar distortions; indeed the faces of an oblique 
rhombic prism are almost always iinequally distant fcorn the centre, so that the trans- 
verse section becomes a rhomboid instead of a rhombus. Crystals of ferrous sul- 
phate of the normal form shown in Jig. 353 are often distorted in such a manner that 
two parallel faces ooP and the basic end-faces oP are very much developed in one 
direction, producing the form shown in Jig. 354 ; if the crystal is developed on one side 
only and attached on the other, the difficulty of recognising it is of course considerably 
increased. 

Curvature of Crystals . — Tlio surfaces of eiy’stals are sometimes curved, in conse- 
oucncc of curvature in the larnirise of whicli the crystal is made up. Crystals of 
diamond often have their fliees curved to such an extent, as to make them appear 
almo.st like sphere.s. More frequently, a convex surface is opposite and parallel to a 
concave surface. Tliis kind of di.stortion is seen in spathic iron, the crystals of which are 
sometimes saddle-shaped, in consequence of several curvatures occurring in the same 
face. 


Fig. 355, 



Fig. 356. 



^ Another kind of curvature is seen in prismatic and agf^egated crystals, and is espo- 
cially frequent in such as are implanted or imbedded. Fig~ 355 exhibits this kind of 
distortion as seen in quartz. Six-sided prisms of cahrite and prismatic crystals of 
gypsum are sometimes curved in a somewhat similar manner. 

In many species, the crystals appear as if they had been broken transversely into 
several pieces, a slight displacement of which has given a e.nrved form to tlie prism. 
This is common in tourimiliu and beryl. Tho beryls of Monroe County, Ooniiocticut, 
often present intmaiptcd curvatures, as shown in Jig. 356. (Dana.) 

Most of tho distortions above described occasion no change in tho inclinations of tho 
faces of crystals. Ihit tho.‘»c imporf(?etions which f>rf)ducc einwed or striated fmus 
necesstirily lead to variations in the angles. The surfatH’a of large crystals ofbm have 
a composite character, ai^pearing, when examined by a inngnifying gla.ss, as if there 
had been a tendency to tho formation of smaller crystals while the crystal was 
Rowing. Octahedrons of fl uor-spar sometimes have their faces made up of little cubes. 
Such a cause produces more or less in-egularity in the planes and their inclinatinus. 
Variations of form and angular magnitude also arise from the presence of foreign 
particles entangled in the crystallising mineral. Even tho ]>r('Mcnco of foreign in- 
gredients in solution when tho crystallisation is going on, seems often to affect tho 
angles, and such ingredients may be included in tho crystal without being at all 
apparent, except on analysis. According to Baudrimont’s measurements of ealespar, 
the rhombs of this mineral seldom have the three angles at their summits exactly 
equal. *' 

Tho imperfections and distortions of ciystals often present great obstacles to tho 
determinations of crystalline forms, and even, as already observed, of the system to 
which a crj^stal belongs. In most cases, angular measurement may be safely relied 
on ; but even this method, in consequiuiee of tho disturbing causes just noticed, may 
sometimes lead to erroneous results. In all cases, however,' excepting in some of tho 
grosser distortions, tho character of the modificatiors affords an unemng guide to the 
Bprstem to which a crystid belongs, the general law which governs them being, that 
like parts of a crystal are similarly, unlike parts dissimilarly modified. This pSiciple, 
abeady developed at some length in the descriptions of tho several systems, may be 
farther elucidated and facilitated in application by the following table taken from 
Dana's Mineralogy ^ L, 123 . 
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Table of Modifioaliotie of Crystals, 


!- illl edges raodifled alike. 

‘d. Angles truncated or replaced bj 3 or 6 simitar plaiw.^s. 


I MoNOMbTEic System. 


f Number of siinilar planes at extremities ol' crystal. 3 or some mul> > Hexagonal 
jtipleufB* i System. 


The superior ba- 
sal inodidcHtions in 
front not similar to 
the corresponding 
t'tifi'rior in front or 
superior l>ebiiid. 


' Two or two OJ9- 

proximale simple planes 
impossible. 

Two adjacent at two ap~ 
proxituate simple planes 
‘ possible. 


Triclinio 

System. 


Monoclinio 

System. 


1. All edges not 
niodified alike. 

•i. Two*orwowc 

ol the angles trun-< 
rated nr rcplactHi 
by (liiee or six 
Kiiiiilar ])laties. 


Number of simi- 
lar planes at ex- 
tremities of crystal 
neither 3 nor a< 
multiple of 3. 


N. B. The right rhomhoHlui prism on its rhomhotdal base 
may bo distinguished fruin the other right prism by the dis« 
similar modifications of its lateral and basal edges and angles. 


The superior ba- 
sal modiitcutions in 
front similar to tlie 
corresponding m- 
ferior in front or 
superior behind. 


1. SImhar planes at each \ 
base either four or eight in | 
number. t 

‘i. AH lateral t edges (ifj 
modified) Biinilurly truu- 1 
cated or beveled. ' 

I . Similar planes at each 
base eiiiier two or four in 
uumiMjr. 


I 2. AU lateral f edges (if 
I modified) not similarly 
Ltruiuatcd or beveled. i 


DlMRTRia 

System. 


Trimbtkio 

System. 


TuiportiUit aids iu the dtvtermiiKitioii of the .sy.stem to which a eryfstal Indongs ape 
also alfordod : 

a. liy t'havage^ which ia similar partiUel to like faces, dissimilar parallel to unlike 
faces. 

h. By the characters (f surfaces. Similar planes are alike in lustre, hardness, c«)loiir, 
t^triation, icc. If, for example, a cubic cry.stal has similar striijc on all its six sides, 
it is iiionoinelric, but if the surfaces of one f)air of its opj>08ite sides ditter from the 
rest, it bcl()ng.s to some otlicr system. *Simihu* cleavage -faces also exhibit similar 
lustn', <5v:c, 

c. By the optical relations of the cryslal. jVlonoinelric crystals rcfjviet light singly, 
hut crystals of the dimetric^ and hexagoii.il syslcnis have om^ axis of double refraction, 
and tho.se Ijelonging to the other systein.s IniTO two axes of double refraction (p. 122). 
These cljai’uctcis are often of groat use in determining the system to which a crystal 
belonirs. 

d. 'Die thermic relations of crystals likewise diflfer according to tlie systtmi to which 
they belong, as explained at ])age 122; so likewise do their rehitive elasticitic’s in 
dilbererit dir<?ctioiis ; but the methods of observation on these points are too difficult of 
execution to be of much practical utility iu the determination of cry.stuLs. (See Hkat.) 


Cleavage of Crystals. 

Most ciy’stals exhibit le.sa coherence in .some direeti<jns than in otliers, and conse- 
quently may be cloven or split in certain directions with more or loss fmtiJity. Some 
crystals, as mica, may be split into laminie by the fingers; in others, a sliglit blow 
with a hammer is sufficient; others require the application of a sharp cutting instru- 
ment, and often considerable skill in its use. When other means lail, cleavage may 
sometimes be effected by heating tlie mineral and plunging it into cold w'ater; this 
method sometimes snceeetls with quartz. Many crystals cannot bo cloven by any 
means: in these cases, liowerer, the direction of cleavage is sometimes indicated by 
lines on the surface, or by cracks in the mass of the crystal. It is oft<m important to 
observe these lines or cracks, even when cleaYitge is possible, in order to determine its 
direction before applying the knife. 

The general laws with respect to clcayage are as follows : 

1. Cleavage in crystals of the same species yields the same fbrm and angles. 

2. Glearage takes place parallel either to one or more of the faces of a fundamental 
form, or to its diagonals, or to some of the secondary planes, 

• The rhombobedron is the only solid Included in this division, any of whoso angles admit of a trun- 
or replacement by three or six planes, 

T The terminal edges of the octahedrons are here termed lateral, in order that tbe staiememU may be 
generally applicable to both prisms and octahedrons. 
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3. CleaTapje in obt^ned with equal ease or difficulty parallel to mnUar facea, and 
with unequal ease or difficulty parallel to dissimilar faces. 

4. Cleavage parallel to siimlar faces affords pianos of similar lustre and appearance* 
in the contrary case, of dissimilar lustre and appearance. 

Thus, cleavage is obtained with equal ease or difficulty parallel to all the faces of a 
cube, regular octahedron, rhombic dodecahetiroii, or rlioiiiboliedrou, which are bounded 
by similar planes. The right square prism, right rhombic prism, and oblique rhombic 
prism ( ooP , oP of the dimetric, trimetrie, and moiioclinic systems respectively) cleave 
with equal ease or difficulty parallel to their lateral planes, since these also are similar. 
Frequently, however, tliese prisms cleave only parallel to their bases, and sometimes 
not even in this dirtiction. In some cases, also, the cleavage is diagonal, in the s([Uiii*o 
prism alike in both verthial planes, but unlike in the rhombic prisms. The riglit rec- 
tangular prism ( copQo . oof oo . oP, of the trimetrie s^'.stem), tlie right rhomboidal prism 
( ocPQO . [ QoPoo ]. oP of the moiioclinic system) and the oLlique rhomboidal prisin 
( 00 P/ . oo^T. oP, or ooP . oof 30 . oP, of tin? tricliiiie system), have the cleavage unequal 
jiarallel to their faces, if attainable at all in these directions; moreover, cleavages 
in these two directions and x>arallel to the base yield faces of unlike lustre luul 
general aspect. This is cxernplitied in g^'p-sum, which in one direction cleavivs witli 
great facility into thin lamime of perfect transparency and highly [xili.shed surfa.T ; 
whilst in a .second direction, the lamiiae first bend and tlicMi la-eak, exhibiting a siu fa-o 
which is not smooth or posses.sed of much lustre; and iii a thinl direction, the laminm 
are brittle, break immediately on atte)n[)tiiig to bi'iid them, and (‘xliila't a surfico 
smoother tluui the second, but nut polished. In tliiek masses, tlie second and l liird 
cleavages are .scarcely attainable. Two ol* those eleav.agos incline at an ol)]ique angle, 
but one is at right angles to tlio third, showing that the crystal is monoeliiiic. 

Moadurement of Crystals. 

A crystal is determined when we know the relative lengths of tlu? axes for eacli 
of the primary fornus which compose it, aud tlieir inclination, in ease they are not 
at right angles to each other. Tlieso magnitudes cannot however bo nu'asiired dire<?t ly ; 
the only element of the form admitting of direct measurement is tin* iuelinatioii of 
the faces one to another; and as the.se inclinations are connected with the I’atios a ml 
inclinations of the axes by fixed geometrical relations, the latter may be determiurd 
by calculation, W’hen a sufficient; ninnl.or of the dihedral aiiglt-s of the crystal havo 
been measured. The number of angular measurements absolutt'ly recpiired for each 
form is of course equal to the luimber of unknown (piaiditics to be determined; thus 
for a square pyramid a\a\ c (p. 133), the only magnitude to be determined is the 
a 

ratio and for this, one angular measurement will suffice, viz. the angle either in the 

terminal or in the lateral edges. For a rhombic pyramid a: b: r, two quantities have 
to bo dotemiiiied, viz. the lengths of two of the axes referred to the third as unity, 
aud for this, two independent moasiu’erneuts are required. For a monoclinic pyramid, 
in which, in addition to the two ratio.s just montioned, the inclination of the prin- 
cipal axis to the cliiioditigonal has to be determined, three independent angular 
measm*ements arc required. In all ca.scs, however, it is advisaldo to take as many 
angular measurements as po.ssible, in order to check the values first determined. 

For the fonnnlae which expyess the relations between the inclinations of fiices and 
the ratios and inclinutiohs of the axes in the several systems, wo must rtfer to more 
detailed w orks*, and confine ourselves here to the description of the instruments used 
for measuring the angles of crystals. These instruments are called Goniometers, 
and are of two kinds, the Apjylication- or Iland-goniorm tu\ and the liejlcctmg 
Goniometer, 

The hand-goniometer is a divided semicinde a hd {fig. 357), to which are 
adapted two metal rules, one k m being fixed, the other g h movable round a i>in c 
at the centre of the semicircle. Both those rules have slits, so that they may be 
moved backwards and forwards, making the sides of the angle k n h longer or shorter 
as may be required, A straight line drawn througli the ijoint c and the middle of the 
rule km passes through the points 0® and 180^ of the divided semicircle. The 
other rule, g //., is narrower in the part which moves round the semirciide (and likewise 
bevelled), so that the edge g i produced would pass through tlie centre c. Tlie angle 
which the edge g i marks on the graduated arc, is therefore equal to iho angle n 
contained between the edges k n, n h. 

The crystal to bo measured is placed between tho rules k n, n h in such a manner 

* Dana, System of Mineralogy, vol. i. 8vo. New York, 1858. Milter, Treatiio on Cryitulloirrrtplw, 
▼ol. !. 8 to. rarabridgp, 18:^9. Brooke and Miller, new edition of Phillips’s Miner.ilogy, limb. 
Loadop, 1862. Kopp, Kinleltung iu die Krystallographie. 8vo. Uriiunschucig, 1S49. 
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|}i»t the edges of these rules may both be at right angles to the line of intersection of 
tlie two faces whose inclination is to be measured. The edge k n is applied close to 
one face of tlie crj'stal, and the other rule p h is moved round till the edge n h 
coincides exactly with the other face. The inclijiation is then indicated by the 
uumber of degrees in the arc deg. 


Fig. 357. 



If one of the faces of the crystal presents irregularities arising from small crystals 
b**ing implanted on it, the edge k n must be laid closely on tiio smooth fa(m, ami the 
r c'dge n //, brouglit as close as possible to the other face and parallel to it. 

In im-asurijjg crystals implanted on a surface, the parts k «, h n of the rules must bo 
luuvcd along tlui slits int»> tin; re<purod positions. In such cases, the part a b of the 
LiiMdiiat. il arc is (d'tcii In the way. To obviate this inconvenience, the Kemicircle is in 
smiie instj'uincnt.s cut through at b and tho two parts joined hy a bingo: there is then 
al>o a si rip of mclal,// niovaldt* about c, which, when placed iu the position shown in 
tin: figure, serves to krej> tho tAVO halves of the seinicircle iu the same }>lane, but when 
ii!(ni‘«l towards c, allows tlio half rt b to Ik* turned round to the back of 5 d. 

This instrument is v<'ry cojivenicnt, and iinhu'd indisjxmsabUs for measuring tlie 
angles of large crystals; on tlie other Imnd, it is evidently inapplicable to small crystals 
<'V to sueii as are very soft or friable ; and as small crystals are of much more frequent 
o. currenta' than larger ones, and gemu’ally exhihit the best defined forms and llattest 
surfaces, tlu^ use of the lia.nd-gonionieter is necessarily somewhat limited. For these 
reasons, (lie rotiecting goniometer of Wollaston, wliieh also gives greater accuracy of 
nc.isiiivuieiit, is imicli more frequently used. 

The reflecting goniometer depends upon the following principle. Let bao 
(Jiff. o58) he t, section of a erystal, tlie angle c of which is to be measured. The 
erjxtal is supposed to be fixed so that its edgo 
is «-xiwtly in fli(. prolongation of the axis of a 
div idl'd circle ?n ?? j). Let a mark ?/ (a black 
line drawn on paper for example), be so fixed 
tliat the eye of the observer placed at E may 
f<ee this mark y directly, in tlie same direction 
tho imago of an object .r above the crystal, 

I'ethK'ted from the bright siu’face h c. Now sup- 
l>o.se the crystal to be turned round the edgo 
c till the face c a conies into the position c a\ 
m the prolongation of 5 o ; the eye placed at 
L wall still see the image of x in tho same di- 
rection E //, by reflection from c a. But it is 
evident tliat the angle a c a (measured hy tho 
arc m n) through which the crystal has been 
turned, is the supplement of h c a, tho angle to 
he measured; hence the followang rule: Tho 
angle a, contained hotwocn two faces of a cp-stal, is the supplement of tlio angle 
t irough which tho crystal must bo turned, in order that these two faces may ro- 
tyct the image of a given object in the same direction ; or if this latter angle is a, 
the angle betw'oen the two faces of the crystal will bo 180*^ — o. 

the instrument l)y which this principle is applied to the measurement of crystals is 
represented in jig. 359. It consists of a vertical circle E E. divided on the edge, and 
horizontal axis passing through tho socket C, which is fixed upon tho 
pillar B, sup|K)rted on a heavy foot A. This axis likewise carries a smooth-edged disc 


Fig. 358. 
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F, and a mill-edged disc G, both immovably fixed to it. The disc O is for turning tlie 
graduated circle round ; the use of the disc F is to assist in clamping it, which is 
effected by compressing the lower edge of F between two plates of metal S, T, the 
former attached to the socket C, by means of the screw U. A vernier R, attaclied hy 
the metal strap Q to the socket C, serves to read oif the degrees on the circle K F. 
The which carries this circle and the discs F, G, is hollow, and encloses a thianei 


Fii/. 359. 



axis which fnrns within it somewhat slillly, and carries at one end the mill-edged disc 
1, and at tho other a bent brass rod K, This rod carries a socket L in which anotliip 
bent rod M turns, and in this is another socket N, through wdiich passes a rod 0 0, 
which can be moved backwards and forwards, and turned round by the disc P ; at tha 
other end of this rod the crystal to be measured is fastened with wax. 

To iLse tluj instruineiit, it is placed in front of a window with the plane of the circle 
E vertical,^ and at right angles to the plane of tho window, the ax(\s being tlien parallel 
to tho horizontal bars of the window, one of w’hich — or better, a slit in a piece of black 
paper fastened to one of tlie panes, may serve for the object, .i’ — to be reflected from t!r> 
planes of the crystal. The observer, standing in front of the instrument, may bring his 
eye into such a position above the crystal, as to seo a horizontal l)laek line // drawn 
below the window, just along the edge of the crj'stal ; and by turning tho crystal round 
by tho disc P, ho may bring one face of it into such a position that the reflected imugo 
ol the window-bar a may just coincide with tho line y seen directly. It is, liowtivcr, 
absolutely necessary that the edge of tlie crystal be brought exactly into a line witli the 
axis of the instrument. This must first be done as nearly as possible by the unassisted 
eye : but to obtain a more exact adjustment, tho crystal must bo 1 iirned, by means of the 
movements at L and N, till the reflected image of the window-bar seen from each face 
of the crystal, is parallel to the liney, that is to say, horizontal. The crystal is tlien pro- 
perly j^aced. To measure the angle, the disc G is turned round till 180^ on the divided 
circle EE coincides with the zero of the vernier; the screw U is tightened so as to 
clamp the circle E E ; and the crystal is turned round by the disc I, till the imago of 
X from one face coincides with the line y. The circle is then imclainpcd, and turned 
round by the disc G, till the other face of tho ciystal is brought into tho same position. 
The division of the circle wliieh is thus brought opposite, to the zero of the vernier, 
gives directly the number of degrees in the angle contained between tho two faces of the 
cr^taL (For other forms of the reflecting goniometer, see Vandas Mineralogy, i. 127.) 

When the faces of a crystal are bright and reflect well, a comparatively distant 
object, suoh as tlie edge of the roof of an opposite house, may be viewed in them, and 
the angles may then be measured Avithin a few minutes ; tho greater the distance of 
this object, tlie more exact, ctsterh paribus, will be the measurement. With crystals of 
1^ refliHiting power, nearer objects, such as the window-bars, must be chosen ; Bome- 
times indeed it is necessary to use the flame of a candle placed behind a screen having 
a^ horizontal slit. Crystals wliose surfaces have little or no reflecting power maysoniB" 
time* be meaaurcd with tho reflecting goniometer, by attaching to their faces very thin 
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plates of mica, by means of water or oil of turpentine, according to tlie nature of the 

Artificial crystals generally lose their lustre when touched with the hand, and will not 
boar cleaning. The best way of manipulating with them, is to fasten them with wax 
bv their dullest surface to a little piece of wood, which may then be used as a handle, 
and for utkiching them to the goniometer. 

It is important to obsen^e that the angles of crystals often change to a certain extent 
with change of temperature ; hence, for accurate ineasui’ements, the temperature should * 
uhviiys be noted. 

CVBAV. A native sulphide of iron and copper, CuFeS* (see page 79). 

CUBE OBZm Fharmacosidirite^ SideritCf Wurfders. A variety of native arse- 
nate of iron occurring in ciystals of the regular system, viz. cubes, sometimes perfect, 

Bometimes having their edges or angles truncated, c.g, ooOoo . c»0 {fig. 196), ooOoo . ~ 

(fiif. 198), and others. Cleavage cubic, imperfect. The cube-faces are sometimes 
striated parallel to their intersections with the octahedral faces, l^lanes often curved. 
Jhircly granular. Specific gravity «= 2’9 to .3. Hardness = 2*6. Lustre adamantine, 
jitif very distinct. Colour olive-green to bluekisli-brown, also passing into grass-green 
iiiul emerald-green. Streak olive-green to brown, yellow', pule. Subtransluc(“j]t. Rather 
Hvctile. Pyroelectric. (Dana, ii. 422.) 

When heated, it gives off water and turns rod. Before the blowpipe on charcoal, it 
gives off arsenic vapours, and melts in the reducing flame to a grey shining slag, which 
gives with fluxes the reactions of iron and arsenic. Soluble in hydrochloric acid. 
Caustic potash quickly turns it rcddisli-brown, and decomposes it for the most part. 

An analysis by Herzelius gave 40 92 per cent. As-0^ 2'57 39 90 Fo'-'O®, 0’66 

CuO, and i8'94 water (= 102*99; after deduction of P76 per cent, matrix). If the 
small quantity of copper bo regarded as Cu*XAsO^)* and doiluctod, the rem.'iindor may 
bo regarded as a tetrabaslc ferric arsenate with 15 at. water, in which jg of the 
arsenic is replaced by pliosphorus, giving the formula — 

4lVO».3|Up?o? + ISn^O; 
or 3[i'Vo*.(A9Tti>Tt)-o» + 4n’o] + ro'o>.3n*o 
= 3[(lV)’'(A8ibn)“0'-m-0] + (Fo»)’'II»0» 

in which the first member has the form of Scoroditc. ^Ramm. Mineralch, p. 372. ) 

Ctiho-orc was formerly obtained from certain mines m Cornwall, where it occurred 
ooafing caviti(‘H in quartz, with ores of copper, it i.s now found in small shining 
(-rysfals at llundle Gill, Cumberland; also in Australia; ut »St. Leonard in Prance, 
and at .Selineebei’g and 8chwai’zonberg, in 8axoiiy. 

CVBBSA CBUSZX MXQ. The fruit of the black pepper of West Africa, called 
P/pir caudatim. According to Stonliouso (Ann. Cli, Plnirm, xcv. 100), it contains 
piperin and not cubdjin, so that it mu.st be regarded as pepper, not as cubebs. 

CUBEBENB. An isomeric modificatiou of oil of cubebs (p. 172). 

CVBEBZSr, (Soubciran and Capitaine, Ann. Oh. Ph.arm. xxxi. 

190. Ricgol, N. Jahrb. riiann. viii. 96. Seluiek, N. Report. Phurm. i. 213.) A 
crystalline substance existing in cubebs. It is obtained by exliausting with alcohol 
the pulpy residue left after the preparation of the e.sscntial oil of cubebs, treating 
tlm alcoholic solution with potash, Avashiiig the resulting precipitate with water, and 
crystallising from alcohol (Soubeiran and Capitaine). — Wcliuck prepares cubebin by 
mixing cubebene with i of ite weiglit of quicklime, exhausting with alwhol, treating 
the evaporated extract with dilute pobish, dissolving the residue in alcohol, decolp- 
rising witli animal charcoal, and leaving the solution to crystallise. 17 oz. of cubebeno 
thus trtaited yielded 16 grains of cubeljiii. 

Cu])ebin crystallises in groups of small white needles. It is tast(‘les.s, inodorous, 
mylUs at 120° 0. (S chuck), but cannot be volatilised without decomposition. It is very 
slightly soluble in water and in cold alcohol, more soluble in boiling alcohol, the 
f'Oliition solidifying to a pulp on cooling. Ether dissoh’es 3*75 percent, cubebin at 
11^ 0., and more when heated. Cul^ebin also dissolves in acetic acid, and in oils both 
fixcil apd volatile. Strong sulpliuric acid first colours it of a fine bright red, very 
much like that which it imparts to salicin, but afterwards changing to crimson. 

CVBEBS. The fruit of Piper Cub ha, L., a native of Java. When dry, it forms 
roundish blackish-grey berries of tlie size of pepper, enclosing a hard white oily seed. 
It ha.s an aromatic peppery odour, and a sharp bitter taste. According to Monheim 
(J. I'hiin. m6d. xi. 362), it contains 2*5 per cent, green volatile oil, 1*1 yellow liquid 



172 CUBEBS, CAMPHOR OF— CULILABAN, OIL OF. 

oil, 6*0 cubebin, 1*5 balsamic resin, 3*0 waxy matter, 6*0 extractive matter, 1*5 clilorid< 
of sodium, and 64*0 woody fibre. 

OVBSSB, OAMPBOR OF. (Blanch ot and Sell, Ann. Ch. Pharm. vi. 204.J 
Slearoptene of Oil of Cahvhs. The volatile oil of cubebs, after rectification with water, 
deposits this compound in rhombic crystals P . oP . ooP , in which P : P in the terminal 
edges =116*^40' and 75^24', and in the lateral edges =145®. Cleavage perfect 
parallel to oP. It melts at 68° C., boils at 150°, and distils without alteration. It 
insoluble in water, soluble in alcohol, ether, and volatile oils. The alcoholic solntioi 
possesses optical rotatory power. 

According to Blancliet and Sell’s analyses, the camphor contains from SOT to 811 
per cent, carbon, and IIT to IP? hydrogen, agreeing approximately with the formnh 
or wlieuce it appears to be a hydrate of oil of cubebs or oi 

cubebene. 

The camplior dissohvs in strong sulphuric acid, fonning apparently a conjugsitec 
acid. It is partially soluble in boiling potash. By nitric acid it is converted into ji 
brown resin ; by chloriiui into a viscid substance. 

CVBB8S, OIX. or. (Muller, Ann. Ch. Pharm. ii. 90. Blanch o| 

and Sell, ibid, vi. 294. Wiiiokler,/M. viii. 203. Soiiboiran and Capitaine, ibid. 
xxxiv. 311. Anbergier, Rev. scieiit. iv. 220. Brooke, Annals of Philosophy, 
new series, v. 450. Gcrh. iii. 634.) This oil is obtained by distilling cubebs with 
water. It is colourless, viscid, of specific gravity 0*929, has an aromatic odour, and a 
camphor-like spicy taste. It boils between 260^ and 260° C., always, liowevcr, with 
partial decomposition. Exposed to ilie air, it becomes thicker and resinous. It turns 
*• the plane of polarisation of a luminous ray to the left. 

Hydrochlorate of oil of C‘*1P^2HC1, is produced by passing hydro- 

chloric acid gas into the rectified oil. It forms oblique jirisins, colourless, tastdesM, 
inodorous, melting at 131° C., very soluble in alcohol. Tiiey turn the plane of pola- 
risation to the left. 

^ Cuhehem. — Oil of cuhohs distilled with sulphuric acid is converted into an isomeric 
oil, cubebene, possessing much less optical rotatory power than the original oil 

CITBXCITB. Syii. with Analcimk (i. 210). 

ClTBXXiOSB. A constituent of the odihlc birds’ nests of India, exhibiting tlic 
general properties of the neutral albuminoids. (Payen, Compt. rend. xlix. 528.) 

CVBOXCXTB. Syn. with Cuabasitb. 

CITBOXTE. Syn. with Analcimk, also with Sodalitk. 

GVCUMXS. A genus of cucurbitaceous plants, including the cucumber, melon, 
and some kinds of gourd, 

Ihe fruit of Cucuviis colocynthis^ the bitter apple, or colocynth gourd, contains a 
pulp or pith which, when separated from the seeds, constitutes the purgative dru;' 
colocynth. (See Coloctnthin, p. 78.) 

C. mdo, the melon, has hoeii examined by Payen (Buchn. Report. Ixvi. 104) : it con- 
tain the usual vegetable constituents. The root contains, according to Toros iewic;! 
{ibid. xlv. 1), an emetic principle, melonometin; and yields 6*4 per cent, of ash, of 
which 5 per cent, consists of salts soluble in water, and 95 per cent, insoluble matter. 

The fruit of G. prophtarum contains, according to Winckler, a bitter princ'iplc, 
which, according to Walz, is essentially a resin {Prophetmharz), containing 
separable mio propheterin ov pro^pJutcin, and a carbohydrate (glucose). 

CVCVXIBXTA. Another genus of cucurbitaceous plants, including the cominop 
gourd, C. maadma, with its numerous varieties, the vegetable marrow, C. ovifera, the 
orange gourd, C. aurantia, the squash or hush gourd, C. Tueloprpo, the bottle gourd, 
C. lagenuria^ &c. &c. Most of them are eatable ; but the orange gourd is bitter, and 
the bottle gourd is a dangerous ptusou. The fruit of this last-mentioned species, how- 
ever, contains, according to Marquardt (J. pr. Ohem. xi. 500), about 6 per cent, of 
sugar, and is used in Hungary for the extraction of sugar. Tlie seeds contain a mild 
fixed oil— The water-melon. C. citridlus, has been examined by Landerer (Buchn. 
Repert. Ixvi. 104). Lenoble (J. Pharm. [3] xx. 356) found in it 3 per cent, sugar, 
30 per cent, residue, and 67 water. 

CBBBBAB. See Archil (i. 355). 

CVXiBBBXTB. A name sometimes given to a mineral from Culebras in Mexico, 
resembling Riolite, and said to consist of selenide of zinc and sulphide of mercury- 
(Handw. d. Chem. ij. [3] 236.) 

OUUBABABr or OVIJCEAWAXT, OXB OF. A volatile oil obtained from tho 
bark of Laurtts Gvlilahan or Gtdilaman^ or Cinnamomum CulilaVDan {Ne€s\ a native of 
the Moluccas, by distillation with water. It is colourless; smells like oQ of ctyeput 
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t oil of cloTes ; is heavier than water ; dissolves, with red colour, iii niti'ic acid, 
forming a solution from which water throws down a brick-red resi n(Schlo8s). Heated 
with 6 parts of fuming nitric acid, it swells up strongly, gives off nitrous gas, and, 
when repeatedly distilled, yields oxalic acid, amounting to J of the oil. (G m. xvi. 364.) 

CtTMUK*!!* Cumol. Hydride of CumenyL C®H'® (Pelletier and 

■Walter [1837], Ann. Ch. Phys. [2] Ixvii. 99. Gerhardt and Cahours, Ann, Ch. 
I'hvs. [31 I 37. 372; Ann. Ch. Pharm. xxxviii. 88. Gerhardt, Ann. Ch. Phys. [3] 
xiv. 107. Abel, Ann. Ch. Pharm. Ixiii. 308 ; Mem. Chcm. Soc. iii. 441 ; Pliif. Mag. 
xxxii. 63. Cahours, Coinpt. rcnd.xxiv. 667, xxx. 321. Mansfield, CJiern. Soc. Qti. 
J i. 244; Ann. Cli. Pharm. Ixix. 179. Gerhardt and Liis-Bodart, Com pt. rend, 
xxix. 60*6; Oompt. chim. 1849, 385; Ann. Ch. Pharm. Ixxii. 293. Hit tliausen, 
J. itr. Cliem. Ixi. 70. Church, Phil. Mag. [4] ix. 256. Liis-Bodart, Compt. rend, 
xiiii 304 ; Ann. Ch. Pharm. 100, 362. Warren de la Rue and H. Muller, Chom. 
Oaz. 1856, 375; X pr. Chem. Ixx. 30. 

Tin’s i^ody, discovered by Gerhardt and Cahours in 1840, is probably identical with 
tlic rosin-oil or rotinyl obtained by Pelletier and Walter from the resin of Pinus 
■huiridma (sec Pine-brsins), and probably also with tho hydrocarbon produced by tho 
art ion of phosphoric anhydrido oji phorone. It is isomeric with niesitylcno, with 
in< tliol, and witli a Ijydrocarbon discovered by Church among the products of the dis- 
liJlation of eugenato of barium. 

Cuniciio exists ready formed in Burmese naphtha, tliat substance, when aqueous 
Tapour at 200° C. is passed through it, yielding hydrocarbons from which snlplio- 
cuiiH'iiic acid i.s produced by the action of oil of vitriol (AV arren de la Rue and II. 
yiiiller). It is produced : 1. In tho distillation of ciuninic acid with excc.ss of baryta 
((JcrJiardt and Cahours). — 2. In tho dry distillation oftlieri'sin of Pinus maritima 
(IN'llcticr and Walter) ; of the wood of that treo, pas.sing ov(‘r into tho crude spirit 
(Cahours); and of coal, beiiigfonnd in coal-tar naphtha (Mansfield, Kitthausen, 
Cliurcli), — 3. In tho dhstiliation of phorone with anhydrous phosphoric acid. (Ger- 
li a I'd t and Li 6s; Li6.s.) 

V reparation. — 1. From Curnime Arid. — 1 pt. of cuminic acid is gradually heated 
in a retort with 4 pts. of baryta. When the heat is carefully api>licd, and not more 
than 6 grammes of cuminic acid arc used, nothing but colourless cumene passes over, 
while carhonut.e of barium remains behind. The use of larger quantities at once is 
not to l»o recommended (Gerhardt and Cahours). Abel mixes cuminic acid with 
4 [ils. of lime, and heats the mixture nearly to redness in a copper retort placed in a (leop 
s iiid-hath. The colourless distillate has an unjdca.sant empyr<‘unutlic odour, whieh it 
n tiiins evi ii aft(‘r reetifieation over hydrate of potassium. Abel therefore distils it 
with concentrated chromic acid (w'hich does not alter tho cumene), distils (whereby 
t)ic bad smell is completely destroyed, and the plccisant odour of cumene becomes per- 
ceptibh ), and dries over cldoride of calcium. 

*2. From, the Peshi of Pinus maritima. — AVlien the brown oil obt ained in tlic propara- 
lioii of illuminating gas by the dry distillation of this rosin, is subjected to fractional 
dislill;iti()n, benzylcne pass<‘.s over between 130° and 160° C., and then cumene. The 
liLttyr iy several times distilh'd, with separation of the first p)ortion of tlie distillate, 
whieli contains toluene, then treated alternately wdth oil of vitriol and caustic potash, 
Jiinl each time distilled, and finally rectified two or three times over potassium. (Pello- 
tser and AValtor.) 

3. From Light Coal-tar Naphtha^ passing over between 140° and 145° C. (Mans- 
field) ; between 139° and 140°. (Ritthamsen). — It exists in tho naphtha in considerable 
quantity, and may be advantageously prepared therefrom. 

4, From crude Wood-spirit. — When the oil separated from this liquid by w'ater is 
slmkon up with oil of vitriol, washed with notash-ley and water, dried ovc'r cldorido of 
cah'ium, and distilled over pho.sphoric anhydride, and the portion which distils between 
140<^and 150° C. is subjected to fractional distillation, cumene passes over between 
145° and 148° (Cahours.) 

Propirties. — Cumene is a colourless strongly refracting oil, having an agreeable odour 
like tlnit of benzene, and a pungent, somewhat bitter taste. Specific gravity 0*87 
UMletier and Walter). Boils at 144° C. (Gerhardt and Cahours) ; at 148° (Abel and 
tahours). Vapour density *■ 4*0 to 4*3 (obs.); 4*16 (calc. 2 vols.). Its composition 
w sliown in the foUowing table : 


C* 

H'* 

C®Hi^ 



Calculation, 

Pelletier and 
Waller. 

<«erhardt 
and Cahouri. 

Abel. 

Ltdc. 

• 

• 108 

90 

89*48 

89*81 

90*34 

88*67 

• 

• 12 

10 

10*08 

9*97 

9*88 

10*28 

. 

• 120 

100 

99*56 

99*78 

100*22 

98*85 
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CuniGne ia insoluble in water, but dissolves readily in wood^spiTit^ dleohoif ethcr^ and 
fK>latile oils. It combines with fixtd oils, fats, and most resins. With the aid of heat 
it dissolves sulphur, wdiich crystallises out on cooling ; it also dissolves iodine. 

Decompost tions.-^\. Cumene is converted by fuming sulphuric acid into sulplio- 
cnmenic acid (Gerhardt and Cahour8).~2. 'mxen cldorine is passed into boilin;, 
cumene, and the volatilised portion is cohobated, a thick faint-smelling oil is obtained, 
which burns slowly with a smoky grccn-odged flame ; its vapour docs not attack the 
eyes (Pelletier and Walter). — 3. By fuming nitric acid, it is converted into nitro- 
cumene (Cahours, Nicholson), also by boiling with strong nitric acid, but by continued 
boiling it forms a peculiar acid (Gerhardt and Cahours). If the boiling be continued, 
the nitrocumene disappears again, and is gradually converted into a yellowish 
crystalline mass, which dissolves in ammonia, wdtb the exception of a small pulrc- 
rulcnt residue. Hydrochloric acid added to the solution precipitat(?s nitrobenzoic 
acid (Abel, Cahours). Dilute nitric acid converts cumene, after four or five days’ 
? boiling, into benzoic acid (Abel). — 4. A mixture oi fuming nitric uml fuming std- 
phuHc acid slowly converts cumene into dinitrocuraone (Cahours). — 5. Potassium kept 
for some time in contact with cumonc, blackens and becomes covered with a black 
crust, which aj^poars to be carbide of jictassium (Pelletier and Walter). Cumene is 
not altered by potash-ley or by fused potash. 

Wltrooumene. C"IT”(NO-). (Cahours, Compt. rend. xxv. 552, xxvi. 315. 
Nicholson, Cl^em. Soc. Qu. J. i. 2. liitthausen, J. pr. Chem. Ixi. 79.) -When 
cumene is dissolved in fuming nitric acid, the mixture becomes hot and gives otF 
abundance of red vapours, and on adding water to tlie liquid, nitrocumene is precipi- 
tated as a heavy oil. It is yellowish, and lias a fainter and less agreeable odour than 
nitrobenzene. By Bulphurctted hydrogen in presence of alcohol and ammonia, it is 
converted into cumenylamine. 

Dinttrooumene. C‘‘'II*‘‘(NO®)^— Obtained by treating enmeno with a mixture of 
fuming nitric and fuming sulpburie acid. The action takes place with difficulty, and 
requires frequent renewal of tin* acid to complete it. 

Dinitrocumeno crystallisca from alcohol in white laminm. It is insoluble in caustic 
alkaline leys, but dissolves in alcoholic potash and is converted thereby into iiitro- 
benzylene ; hydrochloric acid added to tho solution throws dow'ii brown flakes. (Ca- 
hours, Ritthausen, loc. cit.) 

CTnMEN’B-SirZiPHVXlZC ACX1>. See CuMENn.-suT.PHi’KOUS Acm. 


CUnCBN’OZTfi. A cr 3 ’-stallised mineral from the province of Constantine in Africa, 
containing, according to Cumenge (Ann. Min [4] xx. 81), 20 at. antimony, 21 at. 
oxygen, and 16 at. water. Raramelsberg {Mincralclumie, p, 156) suggests that it 
may be a hydrate of antimonic acid, Sb*0*.4ll'*’0 (or 2ll*SbOMPO). 

CUMCSXVTXt. C"K”. — A monobasic radicle which may be supposed to exist in 
cumene, cuminic acid, and many allied compounds. Tims : 


Cum one (Hydrate of Cumenyl) .... 
Ciimidine (Cumenylamine) .... 
Cnmonitrile (Cyanide of Cumenyl) . 
Cumene-sulphuric or Sulphocumenic acid (Cumenyl- } 
sulphurous acid) J 

Cuminic or Cymylic Alcohol , . , , , 

Oumyl 

Cuminic Aldehyde or Cuminol . . . , . 

Cuminic Acid 


C«H“.IP.N 

C"H".CN 

0SO")i 
CIH.C’H*'!, 
H P 
CO.C^II" 
CO.C®H") 

H \ 

CO.CW.|o 


It will he seen from these formulae, that cumene, cuminic alcohol, cuminol, and 
cuminic acid are related to one another in tho same manner as marsh-gas, ethylio 
alcohol, acetic aldehyde, and acetic acid. 

The name cumenyl has also been applied to C'®II**, the radicle which is to cymylio 
alcohol as ethyl to common alcohol ; but this creates confusion. 


CVMEimAMXSrS. Cumidine, C‘’H'»N = N.IP.C’H". Cahours [1847], 
Com^. rend. xxiv. 557 ; xxvi. 315; xxx, 321. Ed. Ohaiubers Nicholson, Ann. 
Ch. Pharm. Ixv. 58; Chem. Soc. Qu. J. i. 2. A. W. Hofmann, Ann. Ch. Pharm. 
Jxvi. 145; Ixxiv. 15. Ritthausen, J. pr. Chem. Ixi. 79. Church, Phil. Mag. [4] 
ix. 454.) 


FomusHon.^^y tho action of sulphydric acid on nitrocumene, C*H”(NO*), ia 
presence of alcohol and ammonia. 
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j^cpariitton.’-‘^itrocumone is dissolved in alcohol, and t^e solution is saturated, first 
with ammonia, then with sulphydric acid. After a few days, when a large quantity 
of sulphur lias been deposited and the odour of sulpJiydric acid is no longer per- 
coptibfc, the gas is a^in passed through the solution and the liquid is distilled, 
whereby the decomposition of tlio sulphydric acid is aoeeleratod ; and tliis treiitnient 
is repeated till the whole of the nitrocumene has disappeared. The alcohol and 
sulphide of ammonium arc then removed by distillation ; the residue is dissolved in 
lirdroc^hlorie acid ; the liquid filtered from the sulphur is evaporated till it solidifies in 
a crvstalline mass on cooling ; and the boiling solution of hydroehlorate of cumcnylamine 
is treated wdtb potusli to separate the base, which rises to the top of the liquid as an 
oily laver. Tliis oil is rectified and supersaturated with a conceiif rated solution of 
oxalic acid; the liquid is evajx)rated to dryness; the residue dissolved in boiling 
alcohol ; and the solution treated with blood-charcoal ; the filtrate, on cooling, deposits 
perfectly [>ure colourless prisms of oxalate of cumeny lamina. This salt is dissolved in 
water ; the solution decomposed by potash ; and the layer of oil which rises to tho’^ 
surface is removed with a pipette, dried over chloriae of calcium, and rectified. 
(Nicholson.) 

Properth 's. — Pale yellow, or, when recently distilled, nearly colourless oil, of specific 
gravity 0-9520. Jicfnicfs and disperses light strongly. When cooled by a mixtui’c of 
ice ajid salt, it solidifies in a mass of square plates, which quickly melt again as the 
temperat ure rises. Dropjied upon pajier, it forms a grease-s^jot, whicJi gradually dis- 
iqtpears. In contaet with platinum-wire, it boils constantly at 225° C., w'limi the 
barometer stamls at 0’701 met. It haa a peculiar odour and biirniiig taste. Neutral 
to turmeric and red litmus paper. Colours fir-wood intensely yellow (like phenyl- 
amine and Ix'u/.ylamiiio), but does not exhibit the reaction of ]>lionylaTnino with 
cliloride of lime. It dissolves very sparingly in waiter; very easily in sulphide of 
carbon, wood-spirit, alcohol, other, and fat oils. (Nicholson.) 

Decompositions . — 1. Cumen^luTnine exposed to the «/?*, oven for a few minutes only, 
turns yellow and then dark red, esfiecially if w'ai'med. — 2. The vapour burns witJi a 
yellow, very fuliginous flame. — 3. It is violently attacked by chlorate of potassium and 
'hifdrochloriv acid, and converted into a brown viscid mass, wliich smidls strongly like 
tridilororoplienic acid, and is dissolved by alcohol, leaving a residue of chloranil. — 

4. IJy bromine it is converted, w'itli rise of temperature and evolution of hydrobromic 
acid, into a solid mass, which is insoluble in water, hut soluble in alcohol and ether, 
crystallises in ^v4iite needles, and is perhaps trihromoeumeuylainine (C‘*H‘®Jir^N). — 

5. Strong nitric acid dissolves cumotiylamine with splendid purple colour, and water 
addtxl to the liquid tlirows down flakes which appear to ho an acid, — G. Dry chromic 
add becomes very hot in contaet with cumenylamine, hut does not set it on fire, — ■ 

7. In pliosgent‘-gas, curnenylaininc is immediately converted into a crystalline mass, 
which s<"f)ar}ites fr()m alcohol in long crystals like nitre ; p>rohahly diciunen^carbumide 
N* H‘hC”ll*')l(CO)", homologous witli diphcnylcarhamide or oarbunilidc. — 8. Cumc- 
nylamine dissolves in sulphide of carbon, and then gives off a large quantity of 
suljiliun'tted hydrogen; water added to the solution throws clown, after a Jong time, 
a quickly solidifying oil, which crystallises from alcohol in long needles; probably 
dtcuminplsulphocarbamidc, N^.TT“.(C^1I")*(CS)'' (Nicholson). — 9. When dissolved in 
M'ater, it is converted by cijanopcn fjas into cyanocumenyl amino (Hofmann). — 
10. With cyanaU of phenyl , it immediately solidifies tu a solid crystalline mass. 
(Hofmann.) 

Salts of Cumenylamine. Cumenylamine is a very weak base. It procipitatee 
sesquioxide of iron from ferric salts. It does not precipitate alumina or Einc-salts. 
Its salts cry’stalliso very easily, and, with the exception of a few double salta containing 
chlorides of the heavy metals, they are colourless, but turn reddish on exposure to the 
air, or when dried at a very high temperature. They have an acid reaction and are 
anhydrous, like the salts of plienylamine. From concentrated solutions of cumeny lamine- 
aolts, alkalis separate the cumenyluniine in dark oil-drops, and from dilute solutions 
in the form of a curd. All the salts of cumenylamine dissolve in water, but better ia 
alcohol. (Nhholson.) 

Acetate of Cumcnylamine crystallises readily. 

^ydrobromate of Cumenylamine crystallises readily. 

^ydrochlorate of Cumcnylamine, C*II'*N.HCl — The combination of cume- 
jylamine with hydrochloric acid is attended with evolution of heat. The salt ciys- 
hmises from water or alcohol in lMrg<\ colourless, inodorous prisms, which turn red in 
the air when moist. It does not undergo any alU'ration at 100° C., but melts and 
when strongly heated. 

^Mor^latinate of Cumenxylaminc, 2(C®H**N.nCl ).PtCH. — When a warm aqueous solu- 
lon of hydrochlcriito of cumenylamine is mixed with excess of tetracliloride of platinum, 
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the liquid, on cooling, dt^posite long yellow needles, which may be obtained pure by 
washing with cold water. The salt la decomposed by boiling water. When heated 
se to 100° C., it becomes darker, without further alteration, and at a stronger 
neat, gives off hydrochlorate of cumenylamine, and leaves platiifum. Alcohol dissolves 
it in large quantity ; and the solution yields, after a while, dark red oil-drops, which 
solidify, after the alcohol has evaporated, in a crystalline mass of a splendid omnge- 
* yellow colour. 

With Protoohloride of ’Palladhun, hydrochlorate of cumenylamine forms a double 
salt, resembling the chloroplatinate in appearance. 

Sulphate of Copper forms, with alcoholic cumenylamine, a precipitate of a fine green 
colour. 

Protochloride and Cyanide of Mercury form, with alcoholic cumenylamine, white 
l^crystallino precipitates which are decomposed by boiling water. 

.. With Trichloride of Gold, alcoholic cumenylamine forms a violet precipitate, whiiSjji 
i^^issolves with violet colour in a larger quantity of alcohol. 

Ilydrofluate o f Cumenyla mine crystallises. 

Hydriodate of Cumenylamine readily: it appears to bo the most 

soluble of the cumenylamine salts. 

Nitrate of Cuynenylamine^ C®H’*N.HNO*. — When cumenylamine is dissolved 
in dilute nitric acid, the liquid becomes filled, on cooling, with long needles, which are 
colourless if the acid used was not too strong. The salt remains unaltered at 100° C. 
It is soluble in water and in alcohol. 

With oxalic acid, oumenylamiue forms a neutral and an acid salt, which are both 
cry stain sable, but cannot be separated. By dry distillation, they yield a slightly 
crystalline mass, w’liieli dissolves sparingly in alcohol, and exhibits the relations of 
oxycuinenylarniijo. (Nicholson.) 

Phosphate of Cumenylamine crystallises readily. 

Sulphate of Cumenylamine^ 2C"IT*=*N.TPSO*. — When cmnonylamine is dissolved 
in boiling dilute sulphuric acid, the solution, solidifies, on cooling, in a crystalline mass, 
which may ho obtained pei-fectly pure by recrystallising witli animal charcoal. In- 
odorous; has an unpleasantly bitter taste. At 100° 0. it gives off the odour of 
cumenylamine, and as.sunics a reddish colour, without further alteration. Di88olvi*.s 
sparingly in cold water, much more readily in alcohol 

Cyanocumenylamine* C’’1T‘*N.CN, or 2C'*n‘®N.Cy*. — An nlecfliolic solution of 
cumenylamine saturated wutli cyanogen quickly depo.sits long needles of cyanocumc- 
nylamine, which are easily purified by crystallisation from alcohol This substance 
forms, with hydroeliloric acid, a salt nearly insoluble in water. (Hofmann, Ann. 
Cli. Pharm. Ixvi. 14o,) 

Xfitrooumenylamine* C®n’®(NO''*)N. (Cali ours, Compt. rend, xxiv, 657; xxvi. 
815.)— Prepared by treating an alcoliolic solution of dinitrocumenc with sulphide of 
ammonium. It forms yellow crystalline scales, which melt below 100° C., and solidify 
in a radiating mass on cooling. The compound exerts a slight but distinct alkaline 
reaction on test-paper. It is insoluble in wator, but dissolves readily in alcohol and 
ether.^ 

It is partially decomposed^ by distillation ; ncA’crtlieless the greater part passes over 
um^tered. — Bromine acts violently upon it, converting it into a crystalline product, 
which is no longer ba.sic. — It is not altered by chloride of hmsoyl at ordinary temper* 
ratines; but between 60° and 00° C. it is converted, with violent action, into, ciy^K 
talline product, which, when dissolved in alcohol, after being washed with 
alkaline, and pure water, crystallises in snow-white needles, containing 
N.(C’IJ*O.NOlC®H"), nitride of bensoyl, cumenyl and nitryl, corresponding therefdj^ 
benzamide and henzanilide.— With chloride of cninyl and chloride of idnnamyl^ it 
forms products similar to that wdth chloride of benzoyl. ^ : f ■ 

Nitrocumenylamino neutralises acids completely, even the strong?«t, fo^llw saltf 
which crystallise well These suits, if expo.sed to air in the moist state pr ill iSution, 
decompose quickly, assuming a greenish-blue colour. * . 

The sidpmte, 2C’’H**(NO®)N.H^SO^ + aq., is obtained by 
nylamine in hot dilute sulphuric acid, and leaving the solution , Long 

needles having a strong lustre. May be pulverised. 

Ilydrocld orate, — The saturated solution yields, by slow cooling, , while 
which, in the dry state, are composed of C*H'*(NOI)N.HCl + aq. '' 

The oxalate forms slender needles. ^ 

CVBBSXt Y Xi-BVXiVmJJhkOirS ACXD* Cumene*sulphuric, SulphocumeniOi 'a^ 
pho^molict or Stdphocumenylic acid. ujo*. (Gerhardt and 
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Cab ours, Ann. Ch. Phya. [SJ i. 90.)~This acid is produced by the action of ftiming 
eulphuric acid on cumene. It is not known in the free state, ])ut. the barium-Scilt may l»c 
prepi^ as follows :—2 pts. of fuming oil of vitriol are poured upon I pt. of cumene in a 
glass cylinder, and the liquid is stirred till the whole of tlie cumene is dissolved. When 
Urge quantities are used, the whole may be left to stand in a closed vessel, the cumene 
then dissolving gr^ually. The dark-brown solution is diluted witli 4 volumes of 
water, whereupon, if the cumene and the acid have been long enough in contact a 
colourless solution is formed, without sopanition of cuivicne ; and the liquid, saturated 
with pulverised carbonate of barium, then iilU*pcd and evaporated, yields, on cooling, 
cnmcnylsulphite of barium. The colourless mother-liquor yields, to the last drop, tlio 
same salt, which may be obtained pure by pressure between paper. 

C\t.minyl‘S^‘phite of Barium^ forms very beautiful scales, having a 

•trhog pearly lustre. It dissolves very easily in water, especially when liot. It is 
solnt!? in alcohol, even in anhydrous alcohol, and likewise in ether. 

aqueous solution does not precipitate chloride of cadmium, neutral acetate of 
lea4'<V the salts of bismuth, nickel, copper, or mercury. 

CiniCZCT&« A name sometimes applied to the radicle of cymyllc alcohol, 

CtmSZir, 0X1* of. a volatile oil obtained from the seeds of Cuminum Cyminitm 
by extraction with absolnfe alcohol and preoipitation by water. It is a mixture of 
nnninol (p. 182) and cymene. 

COIMCXITAMTC ACXD. See Oxycuminamic Actn (p. 179). 

CUMISrAMIBS or CVMYXiAMXBF. C‘®1P*N0 = N.H2.C’''ir>0. (Field, 
Ann. Ch. Pliarm. Ixv. 45.) — This compound is obtained by the action of heat ou 
cuminate of ammonium : 

C>«H»'(NTP)0* - H^O = C'“-iT”NO, 

or by the action of ammonia on eliminate of ethyl, ehlorido of cumyl, or cnminic an- 
hydride. Like beiizamido, it crystallises in tw'o different form.s, according to tlie 
manner in wliich it is deposited. By rapid crystallisation from a strong solution, it is 
obtained in highly lustrous tables, wh(‘roa.s a dilute solution deposits it in long opnqi(,a 
needles. It dissolves sparingly in cold water, easily in alcoliol and in etlier. It offers 
considerable resistance to tlie action of strong alkalis, and requires long boiling with an 
acid or an alkali to convert it into ammonia and eutniuic acid. 

Cumophenarnide ox Cumaniiidf\ C**H‘^NO = N.C'®II“O.C®HMI, is produced 
by the action of chloride of cumyl on jdienylarniiie. Tlie mixture becomes very hot, 
and cumophen amide, is formed, which, when purified by washing with water and crystal- 
lisation from alcohol, in which it dis.solves but .sparingly, forni.s long satiny needles, rc- 
Bombling benzoic acid (C a hours, Ann. Ch. Phys. [:!) xxiii. 349.) 


Cumo-sufphophenamide, N.C*®lI'H).C"H*a(F.lL (Gcrhardt and 

Ch iozza, Ann. Ch. Phys. [3] xlvi. 151.) — Sulphophenamido treated with chloride of 
cumyl in the oil-bath at a moilcrate heat is rayadly attacked, and on cooling solidifies 
to an amorphous glassy mass, which may l>e er 3 '»talli.sed from alcohoL If the tem- 
perature were allowed to rise too high, cumonitriU* and sulphophenic acid would be 
produced. 

compound forms rectangular prisms with shining, well -developed terminal faces. 
It is insoluble in boiling water, but dissolves easily in cold and still more in hot 
alcohol, easily also in aqueous ammonia. It melts at 161° C. When quickly heated 
in a test^be, it gives off eumonitrile. 


^^imo-iulphophenar g enta mi d N.C’H^’O.C'TPSCF.Ag, is obtained by adding 
nn^te of silver to a solution of cumo-sulphophenainido in boiling water containing a 
fcW:^ops of ammonia. It forms very light slender needles nearly insoluble in boiling 
libluble in ammonia. Decomposes quietly wlien heated, giving off cumo- 
mtrue. (Gerhard t and Chiozza, loc, eii.) 

^ ^^'iiio-guXphoplifii^^argento-diamidef N* IP.Ag.C®H^S0*.C’*H"0, i.s obtained 
by di.saolving thepl^ec^hg compound in ammonia, and leaving the solution to ova- 
C?ryst®lH|iy:^ nacreous needles, grouped like a fan. Soluble in alcohol, very 
^^lly 80^^. in: Witter. When boiled for some time with water, it gives off a little 

%^^^^.^M.tulp\ophena,nide, •C»n«N.SO* - N.C'*H"O.C’H>O.C*H»SO’. 

of chloride of cumyl on benzosulphophcnargentamide (i. 540), and 


® ^hfhsed prisms by dissolving the product in boiling ether and evaporating, 
n^rly insoluble in water, more splabl&ijP alcohol, sparingly in ether. Am- 
dissolves it with difficulty, the solatipn^Oeing precipitated by acids and by the 
' ■ \r silver. (Gerhardt and Oht^zza, loc. ciL) 

▼OL. 11 K 



1^8 CTTMINIC ACID. 

Cumo-Balicf amide, C”H"NO* - N.C‘®H‘*0.C»H»0«.H ? — Obtaiiitd by tho 
action of chloride of cumyl on salicylaniide. Crystal! iaea in very li^ht shining needles, 
melting at 200° C., becoming pasty at a stronger heat, and remaining so on cooling. 

CVMXiriC ACXB. C*®H‘W «= or ^Qerhardt and Ca- 

hours [1840], Ann. Ch. Phys. [3] i. 70. Gm. xiv. 148.)--This acid is produced by the 
oxidation of the oxygenated oil (hydride of cumyl) contained in essence of cumin. 

Prejiaration. — Hydride of cumyl is added drop by drop to potash in the state of 
fusion, whereupon hydrogen is evolved and eliminate of potassium is formed ; and this 
salt, dissolved in water and decorojxised by nitric acid, deposits cuminic acid, which 
may be purified by crystallisation from alcohol. 

The formation of cuminate of potassium in this process is represented by the 
equation : 

4 KIIO - C>“Il"KO 4 IP 

Hydride of Cmnlnatf of 

Cumyl. PoUiiiitiiim. 

Properties. — Colourless prismatic tables, having a pure acid taste and an odour 
somewhat like tliat of bugs. It melts at 92° C., and volatilises at about 260°. It is 
nearly insoluble in cold water, but soluble in alcohol and ether. When pure, it dissolves 
without colour in strong sulphuric acid. 

Dvcomposltions. — 1. Fuminp nitric acid converts cuminic acid into nitroeumiiiic 
acid ; with a mixture of nitric and sulphuric acids, it yields diiiitrocuminic acid. 
2. 13y dry distillation with baryta or linie, it is resolved into cumene, C®H**, and car- 
bonic acid : 

C101I1202 4 Ha"0 = , BaTO*. 

S. With pcntackloride of phosphorus^ at a temperature not exceeding 50° or 6U° C., 
it yields oxychloride of phosphorus, chloride of cumyl, and hydrochloric acid ; 

C‘®H“O.H.O 4 PCP.CP - PCPO 4 C“>II"O.Cl + HCl. 

4. Oxychloride of phosphorus converts^ cuminate of sodium into cumini canhydride 
(Gcrhardt). — 6. Cuminic acid boiled w'ith acid chromate of potassium and sulphuric 
acid is converted into insolinic acid, (Hofmann, Ann. Ch. Pharm. xlvii. 

197). — 6. Cuminate of potassium heated with bromide of cyanogen yields cumonitrilo 
and bromide of potassium. — 7. The sodium-salt heated with chloride of cumyl, (weff, 
or benzoyl, yields cuminic, acctocumiiiic, or benzocuminic anhydride (Gerhardt). - 
8. Cuminic acid does not undergo any transformation in passing tlirough the ani.i.al 
organism, but is found in the urine unaltered. 

Ctjminates. — Cuminic acid is monobasic, the formula of its salts being C*®H“M0*. 

Cuminate of ammoniurn forms delicate tufts which lose their lustre when exposed to 
the air. When heated, it gives up the elements of water and yields cuminamide and 
cumouitrile. The potassium-salt is deliquescent, and cannot bo obtained in regular fo)*ni. 

CWminafso/’Aan'ttw, Ba"(C'®H”0*'), is obtained in dazzling wdiite nacreous scales l>y 
decomposing carbonate of barium with a solution of cuminic acid. With a hot con- 
centrated solution, the salt is precipitated immediately on passing through the filter; 
and each crystal, at the moment of its formation, reflects the light with great vividness 
exhibiting all the tints of the spectrum. — Cuminate of calcium forms small needles 
feoderately soluble in water, — Cuminate of copper is light blue and insoluble in water. 
^Cuminate of h ad. White precipitate, insoluble in w'ater. 

Cuminate of silver, C'®II‘*AgO^ is obtained by adding nitrate of silver to cuminate of 
ammonium. It is white, curdy, and blackens rapidly when exjwsed to the light- 
When calcined, it leaves a residue of caiburet of silver, CAg*, of a dull yellow colour. 
By dry distillation, it yields carbonic anhydride, cuminic acid, and cumoue. 

Derivatives of Cuminic Acid, 

mtroouinisiio Aold. Ci®H"(NO*)0* (Gerbardt and Cahours, Ann. Ch. 
Phys. [3] i. 73 ; Cahours, ibid. xxv. 36.)— Produced by the iiction of ftiming nitric 
acid on cuminic acid. On boiling the mixture, and then add&g water, the nitrocu- 
minic acid separates as a heavy yellow oil, whicdi soon solidij&Cs. It is triturated, 
Washed with distilled water, and crystallised from alcohol " - 

Nitrocuminio acid forms yellowisn- white scales, insoluble in water, easily soluble 
alcohol and ether. It dissolves in ammonia, potash, and soda, forminc <iystaUisttWe 
salt*. Tlie calciwm-salt, G®•fl*•Ca"(NO*)*0^ crystallises in itellate groups of yollo'^ 
needles, which become darker when exposed to light. The silf}er^8alt, (?®H*^NO*)AgC*, 
is a white precipitate insoluble in water. ^ 

aunltrooimiliilo Aold. C‘®H*®(NO*)»0«. (Cahours, Ai»n. Ch. Phyij [ 3 ] xxr. 

— ^When cuminic acid is added by small portions to a heated mixti^ of fhmiiJI 
nitric and sulphuric acid, it disappears withoiit evOlutiol^ q/gas. On boilisg the liquid; 
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red TBponrs are evdr^ «md nitrocumlnic acid is deposited in shining yellow scales, 
which may be reciystolhsed from lulling alcohol. It dissolves also rii^ily in“tW 
It IS not acted upon by fujnmg nitnc acid, even after long boiling. It does not iL^lve 
in caustic immonia, potash, or soda, or api^ar to combiim with them by long S? 
//yrfceyci. in the n^cent state (from acetic acid and iron) converts it into Tot?: 

cuniinamic acid (p. lod;. ujvAjr 

.\ocording to Cahoys dinitrocumiiiic acid docs not combine with bases and is 
insoluble III aqueous ptash, soda, or ammonia, even at the boilinu be«f ■ Tf ’ r , 
Krant, on the other Ud (Chem. Centr. 1859; p. Soh it uidtos witirLTf^^ 
yelJowiah-red salts which become durkcp on expi^ure fo Ihriif ti 

is obtained by dissolving the aSi in b.ar3-t«‘’w,ger,I,t .>SS 
sxcoss of baryta with carbonic acid, then boiling, filtering, and evaporaLg: it sopatat • ' 
ID films which become ciystolline on standing. The calcium-sail, C"H‘ WtNOT<0 • 
ptvpar^ in ike maper, forms yeUowjred needles, which dissolve easily Ld wfth 
deep wine-red colour mboibng water. The s/fwer-sa* C">H”AetNOnW ! i!, ,!n;7 i 
by precipitating the ealeium-salt with nit^te of silver, and rlryshtlCllf 
pitato from boiling water, forms light yellow needles wlnVli ..rl or..* i li T 
light, butwhenhSted to lOOO C. Ive^oflffi perc^mt^r’l'ahlTateT 

Oxyomnliilc Acid. C"‘H"'0*. (ealionrs, Ann. Ch. Phvs fi)! liii <i-i« i mi 
aoul, regarded by Kolbe as C"’H"(H0)0-, tbit is as derived fLil ’ 
the substitution of HO for 1 at. hydrogen! ja produced by the attion of n "1.1^0 « 
nitrous acid on oxycummamic acid dissolved in a moderate excess of nitri“^d 
C«oH«3NO* + HNO* = + H^O 

Oxycumiiumic Oxycuininic 

acid. neid. 

It separates in small brownish prisms, sparingly soluble in cold waf^r i 1 1 

in boiling water. stiU more in alcohol. It uniies wiV hiLes l7«oL T. 
crystallise well. The silver-salt has the composition C*®ll>'Ag6» ^ ^ 

iH a 

Oxycumlnamlo acid, C'®II>»NO* = N.IF n,. - 

C';’II"(.\HnO^ also caUed Cummamic acid.-Thm 
arid, was drscovered by Cahours (Ann. Ch. Phys. [3] liii 822 ITt 
tlie i-ednetion of nitrocuminic pid, cither with su^hyMric acid, ^r with feiCs a^etat’/ 

1 /^ jiaralion.^l, Nitrocumiiiateof ammonia is reduced by eveess of anlnbvdw/i * i * 

;; l.,n,d is evapomted at a gentle heat till all the am^monris e^fc* 

(Xii.-s of sulphur is separated; the concentrated solution is preciDitafed bv a 
•'.xcess of acetic acid ; and the resulting precipitate i.s 0. lleeCl was! ed d^ied ® ] 
ivery.sfa)l,sod from alcohol (Cahoum).-2. It is ahso oht ,im;d Z 
einnmie acid with iron flUiigs and acetic acid (a brisk action then' tak^g XZZ' 
;'iiJed with rise of temperature, after which the mixture must bHie^tedVr T wldle' 

11 III * digesting tlie mixture with aqueous carbonate of sodium filferiim 
I a Using the exce.ss of soda with acetic acid, pm-ipitating vdth aeSe ofleld IZi 
ilenanposmg „,e precipitate with sulphydrie aeid. (Bonll^t, ComptZud Jdi 399I 

ssiubh. in L:.t~d:f:“ zlif 

iiitn'ox!Snracid'l-2" Bv'trZti! w r ‘‘ .'°”"rted hj nitric oxide, gas 
liRlit yillow m edr^ aro'obmtoed ^ ":‘d with nUrons Jid, 

(I’-Oriess, Compt. rcnd.xlL^. 8ot: “““"‘‘“S 

2C «H'^NO^ H- IINO^ « f 2TT20. 

jj^z^<^«min-amidooiiminic acid, «= C**H**NW 
and ether.-3.’oxSinaIfe'Z^fi^^ in water, and nearly insoluble in aleohoi 


ielik nn T — BCIU ulsiiilea with caustie 
Comhinnfi e^bqnatc together with cumenylamine. 
ot *>«> bases, 


not becn'cxamineA”*^'^“’!Z*T unites witli bases, but its motaffic salts have 

‘•“oiag nit“„atefcZl ^ b/™' 

acetie acid It ;» t n. I ! ®’'|pbu}'' of ammonium, or with iron filings'^ and 

«id. forming cry8tolHS°mnr'“‘’^t‘*‘“’* a''"* bydrochlorie, nitric, and su^huric 
•“^‘^ce^h^ranaCus to^Zj^^^^ decomposes it slowly, forming a 

. ^yd7“e*rrLTc»H>So‘HCr o*'" «ay«talline salts, 

hydrochloric acid and #^h~OxYctiminamic acid di.?8olre«8lightIv in boih'nff 

r? al«o U WVre^^ thin nee<fle8.^The compouuS 

hydrochloric acid^whpJl^r ® ^^xycuminamic acid and 

I hereby,^ quantity of oxycuminamic acid is dissolyed, 

Y- ■^..2 
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and evaporating. Delicate shining prisms, which dissolve in waiter, and are partly 

precipitated on addition of hydrochloric aci<i _ , , , 

Tbt, chloroplatinatt, (C'*H’*NO’.HCl)’.PtCl<, is obtained by adding alcohol to the 
mixed aohitions of concentrated diciiloride of platinum and liydrochlorate of oxycumi- 
namic acid, warming tho mixture till it dissolves, then filtering and leaving the 
■olution to evaporate. It fomis long reddish needles. 

The nitrate forms beautiful prisms. 

Sulphate, 2 C'®H'*N 0 ‘-*.}PS 0 \— Oxycuminamic acid is mixed in slight excess with 
oil of ^triol dUutcd with an equal bulk of water, and the mixture is dissolved in warm 
alcohol On cooling, thin, white, silky needles are deposited. The compound has a 
slightly sweet taste, dissolves sparingly in cold, easily in hot water. 


S>loxyoamfnamlc acid, == N'“.Il'.(C"’iP())"MI.O, or Diamkhcnmhm 

acid, C‘' Jl'"(Nll^)-.0*: also called Diewni namic -This acid, the homologuo i.f 

dioxybenzamic acid, is obtained by reducing dinitrocuininic acid with iron filings mul 
acetic acid, tho mode of preparation being similar to that of oxycuininamic acid. It ig 
crystal lisable, and unites with bases (Boullet, Compl rend. xJiii. 399). The first of 
tho above rational formulm represents the compound as a diamic acid derived from a 
hypothetical dioxycuminic a< i<l, C*«H**0\ containing the triatomic radicle C>«H"0. 

CinMtZMrXC AXiCOHO:L« Syn. with Cymyijc Alcohol (^q.v.) 

CVXMCZNZG A]LDSBirBS. Syn. with II^'OUIDE op Cumyl (p. 182). 

CinwiZirZG AXVHYURZDS. Anhidrum Cuminic acid. Cnminate of Omf, 
C*®.n”()® = (C'“JI"0)-(), -LUerhardt (l8/)2), Ann. Ch. Phys. [3] xxxvii. 304.],- 
Produced by the action of chloride of cumyl on cumiuate of sodium. The two 
substances, perfectly dry, are healed together in a flask, till the odour of chloride of 
cumyl completely disappears. A syrupy mass is then left, which, when treated with 
hot water, yields the anhydride. Tho product may be puiilied by recrystallisiriu 
it several timers from pure ether. 

Cuminic anliydride, recently prepared, is oily, t:istelos.s, nearly colouiless, and 
inodorous, but soon experiences a molecular change, by which it is converted into a 
mass of very brilliant rhomloi'dal crystals. In moist air, it is rapidly converted into 
cuminic acid. With ammonia it forms cuniinamide. 

Cumin ACUTTO ANHYDJiiDB. See Aceto-cuminic Aniiydride. (i. 21.) 

CuMiNO-BENZoic Anhydride. See Bknzo-cuminic Anhydride, (i. 558.) 

CuMiNo-EUOENio ANHYDRIDE. Cimduntn of F.uijcnyl, C'‘*®1P^0® == C*®]I"0. 
C*®H“0.0. — Isomeric with cuminic anhydride ; obtained by heating eugenic acid with 
chloride of cumyl. Crystallises in colourless, very brilliant plates, which melt very easily, 
but do not volatilise below' 400® C. It is not decomposed by boiling pota.sh-ley, but win n 
fused with hydrate of potassium, it is re.solved into euminate and eugenate of potassium. 
Sulphuric acid decomposes it in a similar manner. Fuming nitric acid decomposes it 
readily, producing a reddish-yellow tenacious mass, in whicli crystals may be observe 1. 
Hydrochloric acid does not act upon it, even at boiling heat. (Caliours, Ann. Cli. 
Phys. [3] xli. 491.) 

CuMiN-a?.NANTHYLic ANHYDRIDE. Cwninate of (Enanthyl, C’TT-’^O*- C'"n"0. 
C’H’*0.0. — Produced by tho action of chloride of cumyl on amanthylate of potassium. 
It is an oily liquid, heavier than water, and smelling like apples. Its vapour excites 
coughing. (Chiozza and Malerba, Gerh. TruitA, iii. GOl). 

Cumo-salicylousAn HYDRIDE. Cmuinate of Salicql, Cumosalicyl, * 

C'®H"0.C'H*0^0. (Ca hours, Aim. Ch. Phys. [3] lii. io7.)— Obtained by beatiri 
salicylous acid with cloride of cumyl, Crystalhses in colourle.ss, shining, 
prisms, which melt to a clear oil at a gentle heat, and .solidify on cooling, In.solubl 
in cold water, slightly soluble in boiling winter ; soluble in alcohol, especially ’ 
warm ; insoluble in ether. With chlorine, bromine, tmd fuming nitric acid, it yi^'i'^ 
crystalliflable products. It is not attacked by solid caustic po/UiA or by aqueous potasli 
even at the boiling heat. 

CuMo-METHYL-SALiCYLio ANHYDRIDE. Cuminate of Methyl-saUcyl, C’"H’"0|- 
C*®H*'0.C'HXCH®)0*.0. (Oerhardt> Trait5, iii. 317.)-— Produced by heating chlori<l 
of cumyl with salicylate of methyl (oil of wintergreen). The product is a viscid o* 
which remains fluid for a long time, but if a small quantity of ether is poured into d 
it solidifies in a radiated mass as tho ether evaporates. It crystallises from boiliof 
alcohol in very brilliant rhombic scales, insoluble in cold water, sparing\y solnld^ ii 
cold alcohol, veiy soluble in ether, which, ns it evaporates, deposits the u 

rhombo'idal prisms, often of considerable size. From a hot. saturated nlc^liolid solution 
it is deposited as an oil which remains liquid for a considerable 
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CtmfXVXC STHBHS, Cuminate of Ethyl « C'«H"02.C*n^ - 

01 tained by passing hydrochloric acid g&s into a solution of cuminic acid in absolute 
^bol till it is no longer absorbed, then heating the liquid over the water-bath to expel 
tlie excess of alcohol, distilling the residue over the naked fire, washing the distilinte 
" th carbonate of sodium, and rectifying over massicot. It is a colourless liquid, lighter 
tlm water, and having an agreeable odour of apjdes. It boilo at 240*^ C., giving off a 
vjDOur which easily takes fire and bums with a bluish flame. Index of refraction of 
the liquid, 1*504. Vapour-density, 6‘65. When heated with solution of potasli, it 
Yi( Ids alcohol and cuminate of potassium, 

Cuminate of Phenyl. (Williamson and 

Scrugham, Proc. Roy. Soc. vii. 18. — Kraut, Dissertation uher Cvmiinol und Cymen^ 
1854 ) — Produced : 1. By the action of chloride of cumyl on phenate of j)otassium 
(W and. Scr.). — 2. By the dry distillation of cumo-salicylic acid, or of a mixture of 
c‘(iiii valent quantities of chloride of cumyl and salicylate of sodium (Kraii t). Crystal- 
liLs in long white needles, molting between 67^ and 68^ C. and distilling without 
decomposition. It has an agreeable odour, resembling that of Ixmzoato of phenyl, 
esvw'ciiilly wiien heated. Insoluble in waUr^ easily solubJe in alcohol and ether. 

A mixture of this ether with nitrate of sodium^ heated with strong sul[duiric acid, 
vii'lds dinitrocuminic (and probably also nitrocuminic) acid. By sidphuric acid, alone, 
it is resolved into cuminic and sulphophenylie acids. It is decomposed by alcoholic 
(not by acpieous) jmtash^ yielding cuminate and phenate of jmtassiiun. (Kraut.) 

CtrMXirOK. Syn. of Hydhide of Cumihl (p. 188). 

dnaxwUXlXC ACXB. Glycocol^cujumic add, Oicmyloxyacetaniic acid, 


» N.lI.C‘®H"0.(CTi*O)".H.O. — This acid, homologous with hippuric (benzoyl-oxy- 
aeetamic) acid, is produced by the action of the silver-compound of glycocol (oxy* 
acetamate of silver) on cliloride of cumyl; 

'H. _ 

N.H^.C'irO.Ag.O + C'‘»IP'O.CI « AgCl + N.H.C>®H'»0.0'jr^O.J1.0. 

The cuminuric acid is extracted from the product by warm alcohol, and remains on 
evaporation as a brown mass, wljich may be purified by pressure and recrystallisation. 
Its silver-salt is C'-TP^AgNO*. The acid heated witli aqueous hydrocliloric acid is 
resolved into glycocol and cuminic acid. (Cahours, Ann. Ch. I‘liys. [8J liii. 366.) 

C0Mn7TXi. C'®!!". A monatomic radicle, of w*hieh ciiminol, C'^IP-O, may be 
regarded as tlio hydrate ~ 

CVMMIXGTOXrXTS. See HuiiNBXENDn. 

CUMO-OIiTCOXi. Syn. with IlynsATB of Cumylene (hyp.) = 

(Si ‘0 page 181.) 

CVMOXi. Syn. of Cumkne (p. 173). 

cviMCONXTRXXii:. OT Cyanide of Cumeny I, (Fr. Field. 

Ann Ch, I’harrn. Ixv. 61 ; Mem. Chem. Soc, iii. 408.) 

Fur??uition.~l. By tlio dry distillation of cuminate of ammonium, cuminamide being 
fernied at the same time. — 2. By the action of bromide of cyanogen on cuminate of 
potassium, carbonic anhydride being likewise evolved (Cahours, Ann. Ch. Phys. 
’dl] lii. 201): 

C‘®H«KO* - 1 - CNBr « CO» + KBr + 

—3. By the action of heat on cumosulphophenamide and on cumosulphophonargcnta- 
taide. (Gorhardt and Chiozza, Ann. Ch. Phys. [3] xlvi. 167.) 

Preparation. — Cuminate of ammonium is heated in a retort to complete fusion, and 
then maintained in violent ebullition, whereupon large drops of cumonitrile pass over 
toptluT with water. As soon as the oil has completely passed over, it is separated 
vith a pipette from the distillate, and the watery liquid is poured back into the cooled 
retort, and redistilled five or six times. The whole of the oil thus obtained is freed 
l>y Washing with ammonia from traces of dissolved cuminic acid ; it is then washed 
successively witli hydi-ochloric acid and water, dried by leaving it for some days over 
chloride of calcium, and rectified. The portion which goes over last may contain 
Water. 

^^perties. — Transparent, colourless oil, of specific gravity 0*765 at 14° 0. Refracts 
hsht strongly. Boils constantly from platinum wire at 239° C., under pressure of 

j 85 met. Has a very strong but agreeable odour, and a burning tast^ It dis- 
solves but slightly in water, and renders it milky. Alcohol and ether dissolve it in aU 

proportions. . 
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Decompontions. — 1. Tho vapour of cumonitriTe is inflammable, and bums with a 
brilliant flame. — 2. Cumonitrile is but slightly altered by strong nitric acid in the 
cold, but on boiling, cuminic or nitroeuminic acid is produced. — 3. Heated with 
potassium^ it becomes darker and forms a larger quantity of cyanide of potassium.-^ 
4. Alcoholic does not alter it immediately, but converts i1^ after a few days, 

into a crystalline pulp, consisting of the oil turned yellow and cuminamide. 

CnMOFBSVASKXUB. See Cuminamide (p. 177). 

cnnnOBAXXOYlte Syn. with Cumosaucylous Anhydride (p. 180). 

ovBComrxoBirXiVBOPBSxrAMZBB. \ 

CinMIOBAU€rr&B.M[ZllX2. > See Cuminamide (p. 177). 

CnnBOBmbPBOPBBWiLlMCZBB. ) 

OVBKOBYX. Syn. with Cumyl. 

OBBKOYX. Weltzien’s name for the radicle •C’®H", of which cuminol (vid, inf.) 
may be regarded as the hydrate. 

CimZYX. Cumoxyl. C‘®H*'0. — An acid organic radicle homologous with benzoyl, 
and forming a series of compounds corresponding to tho benzoyl-compounds, Viz. 
hydride of cumyl or cuminol^ ; hydrate of cumyU or cuminic acid^ C'*II*'0. 

ti.0; nitride of cumyl and hydroyen^ ov cuminamide^ N.II*.C'®H"0, &c. 

Cumyl in the free state ^ or Cumylide of Oumyl^ C-^H'^’O*, is obtained by ih* 
action of chloride of cumyl on an equivalent quantity of cumylide of potassium : 

c»®n“o.ci + c»®n'*o.K =. kci + (C'®h"0)*. 

The mixture is gently heated to facilitate the separation of the chloride of potassium, 
and the resulting mass is treated with a weak solution of potash to decompose t!ii> 
last traces of chloride of cumyl. It is then digested with ether to dissolve out tin* 
cumyl, and the ethereal solution is left to evaporate. 

Cumyl is an oily liquid, heavier than water; its odour is scarcely pcrceptiMc ;if 
ordinary temperatures, but becomes very strong under the influence of heat, u.i ! 
resembles that of tho geranium. It boils at 300® C., decomposirjg at the same tiiii '. 
and yielding cuminic acid, several sulistances less highly oxidised than that acid, aiul 
carbonaceous matter. It is combustible, and burns with a smoky flame. Heated witli 
potash, it is converted into cuminic acid and hydride of cumyl : 

2C'«H''0 + KITO = C'»Il"O.K.O + C'®lI‘>O.Tr. 

Cumyl dissolves sparingly in cold alcohol, but boiling alcohol dissolves it in con- 
siderable quantity, (Chiozza, Ann. Ch. Phys. [3] xxxix. 246.) 

CinwnrXi BYBRZBB OI*. Cuminic Aldehyde, Cuminol, C*®II''O»C'®II"0.ir. 
(Gerhardt and Cahoura, Ann. Cli. Phys. [3] i. 60. — Bertagnini Ann. Cli. 
Pharm. Ixxxvi. 275. — Kraut, Dissertation uht r Cuminol und Cymen^ 1854; Ann. 
Ch. Pharm. xcviii, 366. — Gra. xiv. 148.) — This compound exists in the essential oil of 
cumin, which is in fact a mixture of cuminol with a hydrocarbon named Cycune 
(C'®H'*), On distilling this essence, the cymeno passes over first at about 200^ 0., ao'l 
afterwanls the hydride of cumyl. To obtain this latter in the pure state, it should to 
distilled as rapidly as possible in an atmosphere of carbonic anhydride. Another modeof 
KOpanition is to agitate the cumin-oil witli a moderately ooneontrated solution of acid 
sulphite of potassium or sodium, which takes up the hydride of cumyl, but not the 
cymene, forming a crystalline comjmund from whicli the hydride of cumyl may l»e sepnr- 
ated by potash. Hy^ide of cumyl also occurs, together with cymene, in tho volatile oil 
obtained from tho seeds of the water-hemlock {Cicitia virosa), and may be, separated 
by acid sulphite of potassium as above. (Trapp, Ann. Ch. Pharm. cviii. 386.) 

Properties, — Hydride of cumyl is a colourless or slightly yellow liquid, having » 
strong and persistent odour of cumin, and an acrid burning taste. Boiling point 220“^ 1 • 

(Gerhardt and Cahours); from platinum at 229‘4®, or, correcting for the mercurial 

column in the thermometer, at 236 6® (Kopp). Specific gravity in the liquid state 
0-9727 at 13*4® 0. «= 0 9832 at 0® (Kopp.) Vapour-density = 6-24 (obs.) - 513 
(calc. 2 vols,). Composition, by analysis (mean), 80-89 per cent, carbon, 8-45 hydrogen, 
and 10*66 oxygen, the formula requiring 81 08 C, 8-11 H, and 10*81 O. It is isomeric 
with the essential oils of anise, fennel, star-anise, and tarragon. 

Decompositions. — 1. Hydride of cumyl may be distilled without alteration in clope 
vessels, but when boiled for some time in contact with the air, it is converted 
cuminic acid,, tegether with a resinous substance. Tho same transformation tnkrs 
place even at ordinary temperatures, especially in contact with water, or. more quickly 
m contact with a base. — 2. By fuming nitric acid in the cold, cuminol is converted ml® 
cuminic acid ; heated with nitric acid, either strong or weak, it yields nitro-coniiB*® 
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*<L toffethcff with resinous products. — 3. By a mixture of act’d chromate of potassium 
acid^ it is converted into cuminic acid (Gerhard t and C ahours) ; by 
^loni^ action into insolinic acid (Hof man n, Ann, Cb. Pharm. xcvii. 207). — 4. With 
Marine or bromine it forms substitution-products in which 1 at. hydrogen is replaced 
bv chlorine or bromine ; but with pcntachlorids of phosphorus, it forma the compound 
derived from hydride of cumyl by the substitution of chlorine for oxygen. 

5 ammonia gas converts cuminol after some time into a substance resembling 

hvdTobenzamide(Gerhardtund Cahours). Sic veking(Ann. Ch. Pharm. cvi. 357) 
could not obtain this body. — 6. Suiphide of ammonium, decomposes cuminol, forming 
tbiocuminol, in which the oxygen of hydride of cumyl is replaced by sulphur. 

—7. Heated with potassium, it gives off hydrogen and forms cumylide of potassium,. 
C‘*iP'O.K. — 8. Cuminol boiled with agwous, or more quickly with alcoholiG potash, is 
convert^ into cuminatc of potassium and cymylic alcohol : 

2C>®H‘*0 + KHO C*«n”KO* + 


9^ Cuminol heated with solid caustic potash, yields various products, according to 

the degree of heat applied and the manner in which the two substances are brought in 
contact. Wlieii the solid potash is covered with cuminol and slightly heated, cumylide 
of potassium is formed. When cuminol is added by drops to melting pobish, the mass 
first turns red, then quickly white, and forms cuminate of potassium, with elimination 
of hydrogen : 

+ KIIO = C'«Il"K02 + H2. 


If, however, the heat applied is comparatively low, cuminic acid and cymenc are formed, 
without evolution of hydrogen : 

3C>«ir'20 + K^O = 2C>«n‘'K02 + 

la this case it may be supposed, that the cuminol is first resolved into cuminic acid 
Mild cymylic alcoliol, and the latter subsequently into cuminic acid and cymeno 
(Kraut). — 10. With chloride of cumyl, cuminol yields hydrochloric acid and cumyl 

(p. 182). 

Combinations, — Hydride of cumyl unites with the acid sulpliites of the alkali-metals, 
f( -rming crystalline compounds. The ammonium-salt cr^’stall ises in needles ; the potas- 
sium-s^t in scales ; the sodium-salt, C’®H‘*O.NaHSO*, iii colourless inodorous needles, 
which become yellow by keeping. 


Derivatives of Hydride of Cumyl. 

Cumylide of Potassium, C*®n"O.K. — Produced by boating hydride of cumyl 
with potassium out of contact of air ; also by heating solid hydrate of potassium in the 
midst of hydride of cumyl : in the latter case, water is eliminated and the potash is 
ronvortod into a gelatinous muss. To obtain pure cumylide of potassium, the product 
formed by the first process is pressed between filtering paper, and placed in vacuo 
over sulphuric acid, which absorbs the undecomposed hydride of cumyl. 

Cumylide of potassium is an amorphous gelatinous mass, quickly converted into 
emninato >)y contact with the air. Water decomposes it into hydride of cumyl and 
hydrate of potassium. Heated with chloride of cumyl, it yields chloride of potassium 
and free cumyl. With chloride of benzoyl, it yields an oil resembling cumyl, pro- 
bably benzo-cumyl, C’H*0.C'®II‘*0. (Gerhardt and Cliiozza, loc. cit.) 

Cbloroonmlnol, C’®H"C10. — Produced by passing diy chlorine through diy 
hydride of cumyl. It is a yellowish oil, heavier than water and having a very power- 
ful odour. By exposure to moist air, it is converted into hydrocliloric and cuminic 
acids : 

2C««H"C10 -I- H-O = 

It is decomposed hy dry distillation, yielding hydrochloric acid and a peculiar oil, and 
b'aving a residue of charcoal. Strong sulphuric acid dissolves it, forming a crimson 
solution and giving off hydrochloric acid. The liquid exposed to moist air, quickly 
yields crystals of cuminic acid. Chlorocuminol when recently prepared, is scarcely 
Ht tacked ammonia, differing in that respect from the isomeric compound, chloride of 
cumyl, which is immediately transformed by ammonia into cuminamide. (Gerhardt 
and Chiozza, Ann. Ch. Phys. [3] i. 82.) 

Bromooumlnol, C*®H“BrO, is a heavy oil resembling chlorocuminol, and obtained 
by the action of bromine on hydride of cumyl. (Gerhardt and Chiozza.) 

CWafYl^ CKliOUBB OF, C*®n"O.Ol.— Obtained by the action of pentachloride 
w phosphorus on cuminic acid. It is a colourless very mobile liquid, of specific gravity 



184 


CUMYL AMIDE — CUPRAMINES. 


1070 at 15^ C. Boils between 256° and 258° C. By exposure to moist air, or more 
tiipidly by boiling with caustic potash, it is converted into hjdr^hloric and cumime 
acids. It is strongly heated by contact with strong alcohol, yielding hydrochloric add 
and cuminate of ethyl. 

With dry ammonia gas, or with carbonate of ammonium^ it forms cuminamide ; with 

t ^kmylamine it yields phenylcuniin amide or cumanilide. (C a hours, Ann. Oh. Phys. 
$] xxiii. 347.) 

CITBmAMXBB. Syn. with Cuminamide (p. 177). 

OVammiS. — A hypothetical diatomic radicle, homologouig 

lene (i. 577), of which the following compounds are knowm. ^ 

Chloride of Cumylene, ChlortHyicmol^ Ohlorocuminol^ (Cahoura, 

Ann. Ch. Phys. [3] xxiii. 345. — Si evoking, Ann. Gh. Pharm. cvi. 258.->-Tiittscheft; 
J. pr. Chem. Ixxv. 370.) — ^I'rodiicod l>y the action of pentachloride of phosphorus 
on nydride of cumyl : 

C‘«n'20 + PCl» = PCPO + C‘®H'*CP. 


It is a limpid oily liquid having, a penetrating but not unpleasant odour, heavier than 
water and iusoluVde therein ; easily soluble in alcohol and ether. Boils between 266® 
and 260° C. (Cuhours); at 265° with slight decomposition. (Tiittscheff.) 

Decompositions, — 1. Heated with jilcoholic ammu7iia in a sealed tube, it forms 
c'lloride of ammonium and a thick yellow oil (Sieve king). — 2. It does not a])]M*af 
to be decomposed by aqueous (Cahours). - 3. With sulphydrate of potassium 

it yields chloride of potassium, and a viscid product of repulsive odour (Cahours), 
iiy prolonged treatment of the alcoholic solnlion with sulphide of ammonium, it 
forms a dark-red resin soluble in ether (Si evoking). — 4. Freshly precipitatiil 
cxide of silv^'T converts it into ciimiuol (Tiittsehelf). — 6. When 2 at. ethylati’ uj 
sodium are heated with 1 at. chloride of cum^icne, chloride of sodium and a red liquid 
are obtained. Wlten this product in distilled, first alcohol, and then, betweeu 170° 
and 238° 0., an oil passes over, which behaves with acid sulphites of alkali-metals 
like cuminol (Sieveking).— 6. With acftate of silver^ it iormu acetate of cumylene 
(Sieveking), with benzoate of silver, benzoate of cumylene. (Tiittscheif.) 

AobtateofCum t le ne. Acetate of Cumogli/col, Biacetatc of Cumol, C'^H'®0* = 
(C*H*0)*^. (C‘*II*’)".0'^. (Sieveking, he, c*ifV.) - Chloride of cumylene is mjx^d ^th 
excess of acetate of silver, and the reaction, which immediately ensues, is fihaM/aided 
by a gentle heat. The product is treated with ether ; the solution evaporated ; and 
the residue is washed with aqueous carbonate of soda, and crystallised from ether, 
whereby yellowish crystals, contaminated with an oil, are obtained. When pure it 
forms coloui'less ciystals, resembling the swallow-tail crystals of gypsum. It melts at 
a moderate heat, and difiuses a powetful odour of acetic acid and cuminoL 

Benzoate OF Cumylene. Benzoate of Cumoglycol. Bihenzoateof C*TI”0^ 

» (C’lPO)*. (C "IP’-*)' .0'^ (Tiittscheff, he. cit,) — Seven pts. chlorocumol are mixed 
in a porcelain dish with 16 pts. benzoate of silver; the mass thereby formed is treated 
with ether, which leaves chloride of silver ; and the resulting solution of benzoate of 
cumoglycol is left to evaporate spontaneously, whereupon a brownish yellow oil, 
•olidifying in crystals in a few days, is deposited. This is pressed between paper, 
washed with aqueous ammonia, and recrystalUsed alternately from ether-alcohol and 
absolute alcohol. 

It forms brilliant, colourless needles, melting at 88° C., and solidifying in crystals 
on cooling ; soluble in alcohol, especially in warm strong alcohol, and precipitated by 
water ; soluble in ether, acetone, and chloroform. 

It cannot be volatilised without undergoing decomposition. It is dissolved by cold 
sulphuric add with dark red colour; the solution blackens by boiling; it is not 
attacked by boiling nitric add; it is not affected by aimnonia or by concentrated 
baryta-water ; distilled with caustic potash, it yields benzoate of potassium and 
cuminol. 

OVmXXO Syn. with Cuhinic Acid. 

.CirMn-SAI.ZCTXiAMZBB. ) 

OVMTMV»aOPBimAMn»B.l CujraAMlDB (p. 178). 

OVPBlta A shallow cup-shaped vessel made of bone-earth rammed into a mould 
wldch gives it its shape. It is used in assaying gold and silver with lead. (See Gold 
and Silver.) 

CVBBAMnrES, CVBBAMMOBTZAS, CUVBAMMOirXirMrB. Bases de- 
rived from the types NH* and NH* by sulistitutiou of one or more atoms of copper ft* 
an equivalent quantity of hydrogen (p. 79). 
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CifpxSOITB AK03«B8XTB. See Linabxtb. 

CVPBSOirS MAVOAXrasXL A rariotj of wad or earthy mangaDeae. (See 
' Manoanese, oxides of, and Wad.) 

COTStXO COMPOVinOB. See Cofpeb (pp. 41, 65). 

Ou <a 31*6. The radicle of the cupric compoundB (p. 41). 

CtJPBXTB. Native cuprous oxide (p. 70). 

CUPBOP&VIIKBZTB. A sulphide of copper and lead from Chili, occurring in 
forms of the regular system, with cubic cleavage; also massive, gtahular. Specific 
gravity «■ 0*408 to 6*423. Hardness = 2*5. Lustre metallic. Colour blackish lead- 
gray. Streak black. Rather sectilo and brittle. Fuses readily on charcoal before 
the blow})ipe ; yields with soda a cupreous lead-globule ; melts and gives off sul- 
phiuv)U8 annydnde when heated in an open tube. 

According to Plattner’s analysis (Pogg. Ann. Ixi. 672), it contains 64*9 per cent, 
lead, 19*6 copper, 0*6^8ilvor, and 16*1 sulphur (estimated by loss), whence the formula 

21'bS.Cu’S, or |S‘. 

According to G. Ulrich (Berg. u. hiittenm. Zcltnng, x\'iii. 221), a mineral of the 
same composition is found in small quantity on theM'Ivor river in Victoria, Austntlia, 
It has the aspect of fine-grained galena, hardness == 3*0 to 4*0, and apparently 
rhombohedral cleavage. 

CXrPROflTTM. (Cu*)" sa 12G-8. — The radicle of the cuprous compounds. (See 
CorriiK, PI). 41, 46.) 

eVRABA* Urari, Wuorara, Woorali, WouralL — A resinous substance used by 
the Indians of South America for poisoning their arrows, and consisting, according to 
Bt'wral authorities, of the aqueous extract of a climbing plant belonging to the genus 
Strifchnos.^ It is a brown-black, shining, brittle, resinous mass, almost wholly soluble 
in water, either cold or warm ; sparingly soluble in absolute, easily in aqueous, alcohol ; 

..-^.*..11.. T4 1 A- 1 A- . . . . . 



poisoi^ous action to the presence of a peculiar alkaloid, curarine (j. t'.), while others 
ascribe its effects to the presence of strychnine. 

Curura may be introduced with impunity into the alimentaiy canal, except in very 
large doses, but if introduced into a puncture in the skin, so that it may mix with the 
Mood, its action is rapidly mortal. Humboldt states that the earth-eating Otomaks 
on the Orinoco are in the habit of anointing their thumb-nails with it, and that a 
irn ro scratch vdth such a nail is sufficient to produce fatal effects. TIio Indians use 
arrows poisoned with curara in t he chase, the flcsli of animals thus killed being per- 
toetly wholesome. Curara acts chi(*fly on the motor nerves, the functions of which it 
coiniilctcly arrests, while the sensorial nerves retain tboir activity. Death ensues 
frorii paralysis of the nerves of the respiratory organs. 

hrom the researches of Reynoso, it appears that chlorine and bromine decompose 
curara, and completely neutralise its poisonous action. Iodine also acts as an antidote, 
though it docs not completely decompose the curara. Nitric acid acts but slightly on 
curara, but may be useful as a caustic in cases of poisoning by that substiinoe. 

Curara has been tried, but without success, as an antidote to strychnine. It haa 
also been tried as a remedy in ca.ses of traumatic tetanus, and in one instance with 
Buccesa ; in other cases, however, it has been found to produce no effect whatever, 
(llandw. d. Chem. ii. [3] 271). 

CTTRARZirE. (Roulin and Boussingault, Ann. Ch. Pliys. [2] xxxix. 24. — 
A. (le Humboldt, ibid, xxxix. 30.— Pelletier and P^troz, ibid. xl. 213.— On the 
I omnom Projurtica of CuraHne ; Pclouzc and Cl. Bernard, Compt. rend. xxxi. 553. 
-A. Keynoso, ibid, xxxix. 67.— E. Pelikan, ibid. xUv. 507.—M. Milleroux, ibid. 
itlyii. 973.)— An alkaloid existing in curara. 

To prepare it, Pelletier and PiStroz treat the alcoholic extract of curara with ether, 
0 remove fat and resin ; dissolve the residue in water; precipitate the foreign matU^rs 
) basic acetate of lead, and remove the excess of lead-salt w'ith sulphuretted hy- 
( rogen; decolorise the liquid with animal charcoal; evaporate the filtrate and expel 
• 1 ’ adding sulphuric acid diluted with absolute alcohol ; remove the 

a oohol by evaporation ; precipitate the sulphuric acid with hydrate of barium ; remove 
baryta by means of carbonic acid ; and finally evaporate the filtered liquid 

Curarine thus prepared is a non-crystalline, yellowish, homy mass, translucent in 
»itragmenta. It is deliquescent, and has a bitter taste. When heated, it chai^ 
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emitfl an odour of burnt bom, and yields a slight sublimate. It dissolves in all pi^u 
portions in water and alcohol, but is insoluble in ether and in oil o||. turpentine. It 
blues litmus paper reddened by acids, and reddens turmeric paper. 

It unites with acids, forming bitter salts. The sxOphate^ hydrochloTfitey acetate^ 
which arc the only ones yet known, are uncrystallisable. 

According to Pelikun, curarine exhibits with acid chromate of potassium ahd siU^ 
phuric acldy with ferrocyanide of 2 *otassium and sulphuric acid, and with ptr oxide of 
uad, the same reactions as str^’chnine, excepting that with curarine they are more 
.permanent. It likewise exiubits the same deportment as strychnine when subjected 
to electrolysis, a red colour appearing in both cases at the positive pole. 

The physiological action of curarine appears to be the same as that of curara. 
Pelikan found that 0-05 grins, of curarine introduced under the skin of a rabbit killed 
it in a short time. He is of opinion that there is no antidote to the poisonous action 
of curara and curarino. 

OVaetTMA. See Turmeric. 

cmttcinmr. (A. Vogel, Schw. J. xviii. 212. — Pelletier and Vogel, J. 
Pharra. July 1815, p. 259. — Vogel, Jun., Ann. Ch. Pharm. xlh\ 297.) — A yellow re- 
al nous substance contained in turmeric root. To extract it, the pulverised root is first 
boiled with water to remove gummy matters, &c. ; the residue then troatod with boil- 
ing alcohol ; the filtered alcoholic solution evaporated ; the residue digested with ether; 
and the ethereal solution evaporated at a gentle heat. The residue consists of ciircu- 
miu contaminated with a small quantity of essential oil, from wliich it may be freed 
by rcdissolving in alcohol, precipitating with acetate of h'ad, decomposing the lead- 
precipitate with sulphuretted hydrogen, and then treating it with boiling ether, which 
takes up the curcumin. 

By evaporating the ethereal solution, the curcumin is obtained in thin resinous plates 
of the colour of cinnamon, but yellow when reduced to powder. When exposeil to 
sunshine, it p'adiially loses its colour and becomes yellowish-white. It is heavier than 
water, and insoluble therein, but (lis.solvcs with facility in alcohol, ether, and oils 
both fixed and volatile. The alcoholic solution is precipitated by gelatin. Curcumin 
melts at 40® 0., and is completely decomposed by distillation. 

cvscosrxiril. Syn. with Aricine (i 357). 

Cir8PJLRXS7« A non-azotiscid erystallisahlo substance, soluble in alcohol, spar- 
ingly soluble in water, contained in the bark of the true angustura {Cusparia ffri- 
fuga) (Saladin, J. Chim. mod. 1833, ix. 388). Herzog (Arch, Pharm. [2] xciii. 
146) was not able to obtain this substance. 

CUTZia. A wculiar modification of cellulose, contained, according to Fremy, in 
the epidermis of leaves, petals, and fruits, together with ordinary cellulose, albumin, 
pectous substances, and fat It is especially distinguished from ordinary cellulose 
^ 820) by being insoluble in ammoniacal solution of oxide of copper {enprammoym) 
To prepare it, the epidermis of leaves, or the leaves themselves, are boiled for half an 
hour with weak hydrochloric acid and washed with water; the woody fibre is removed 
from the residue by aqueous cuprammonia; and the undis-sdlved portion is treated 
successively with water, hydrochloric acid, weak aqueous potash, alcohol, and ether. 
(Fremy.) 

Cutiu exhibits under the microscope the aspect of an amorphous pei-foratod film, 
tt is very extensible, contains 73-66 per cent C, 11*37 H, and 14-97 O, approaching 
in composition to the fats (Fremy). It decomposes when producing fiitty 

acids. It is not decomposed by cold nitric acid, but when boiled with that acid, yields 
all the products that are formed in like manner from the fats, especially suberic acid. 
It is not altered by contact with cold oil of vitriol or boiling hydrochloric acid. It is 
saponified by boiling concentrated aqueous potash, and from the soap thus formed, a 
liquid fatty acid may bo separated, which is soluble in alcohol and ether, but appears 
to be different from oleic acid. Cutin is not altered by dilute aqueous alkalis, by 
ammonia., or by any neutral solvent. (Fremy, Compt. rend, xlviii. 669.) 

According to Pay en, on the other hand (Compt. rend, xlviii. 893), the epidermis of 
plants consists of cellulose impregnated with fats, nitrogenous bodies, and inorganic 
salts ; he denies the existence of any peculiar constituent of it not containing nitrogen 
or cellulose, and regards the cutin of Fremy as a product of the transfonnatwn of cel- 
lulose by the reagents above mentioned. 

OTAJini&ZOB. Insoluble C^nuHo acid, «CNHO. (Liebig, Pogg. Ann. xv. 
561 ; XX, 384). A white crystalline substance polymeric with cyanic a<ad (perhaps 
eWH^O*), which is produced, together with liquid cyanic aci^ in the dry distillation 
of cyanuric acid ; sometimes forms spontaneously in the aqueous solution of cyanic 
idd; and ia obtained when certain emanates are treated with concentra^ acids; ^ 
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(ocample when cyanate of potaasium is triturated with funiiug nitric or sulphuric acid, 
with ciystalliaed oxalic or tartaric acid, or with strong acetic or hydrocldoric acid. 

Cyamelide' is tasteless, inodorous, insoluble in water both hot and cold, also in al- 
cohol, ether, and dilute acids. When heat^ it is converted into cyanic acid, which 
volatilises. Heated with strong sulphuric acid, it decomposes wnth efferv’cscence, 
yielding carbonic anhydride and sulphate of ammonium. It is not altered by boiling 
with hydrochloric or nitric acid. It dissolves easily in potash, and the solution when 
evaporated yields cyanurate of potassium, a small quiintity of ammonia being, how- 
ever given off, arising from a secondary decomposition. Cyamelide is likewise 
soluble in ammonia. 

CTAMlttXTRZC ACXll. C*H"N’0*. An acid discovered in 1860 by Henne- 
heny (Ann. Ch. Pharm. Ixxxiii. 236), who assigned to it the formula, C*H^N’0*. 
(jevhardt (Compt chim. 1850, 104) regarded it as C®IPN®0*; but Liobig (Ann. 
Ch. I’barm. xcv. 281) showed that the true formula is C®H®N'0*. The acid is tri- 
l. isic and may be derived from the type, NH\3HHO, according to which its rational 
. . (CN)®)N 

formula is H* \ 0* 

Cyarneluric acid is formed from mellone by the action of alkalis at the boiling 
heat, the reaction being represented, according to Liebig, by the equation : 

2C*N'®K* + 9H-0 20®N’K®0® + C^II^N-O* + 3NH®. 

Mellonitie of Cyameiurute AmmelidK. 

potassium. ot potassium. 

The potassium-salt is prepared by evaporjiting a mixture of 1 pt. mellonido of po- 
tassium, 10 pts. potash-ley of specific gravity 1*2, and 20 pts. w'atcr at the boiling heat, 
the water being renewed as it evaporates, till the concent rated mass is no longer 
curdy, but exhibits crystals on its surface, and tho liijuid solidifies on cooling to a 
Tuagma of needle-shaped cryst-als. These are washed, first with potash-ley, then wdth 
alcohol, and recrystallised from boiling water. On cooling, the cyamelurate of potas- 
sium crystallises in colourless prismatic needles having a glassy lustre. Its aqueous 
Solution mixed with hydrochloric acid deposits cyujneluric acid as a white powder, 
and on dissolving this in boiling water containing a few drops of hydrochloric acitl, 
the cyarneluric acid crystallises on cooling in white crystalline crusts, containing a few 
separate crystals in the form of prisms with pyramidal summits. 

Crystallised cyarneluric acid contains at. (16'9 per cent) water of crystallisation 
its formula being 2C‘’li'*N'0® + 6 aq. ; the wliole of this water is given off at 100<^ C, 
The crystals dissolve in about 720 pts. water at 17® C., more readily in hot water: tlio 
B«dution reddens litmus. Tlie dry acid, exposed to a moderate red heat, turns yellow, 
gives off vapours of cyanic acid, and yields a white sublimate, probably consisting of 
cyanuric acid, with a yellow residue of mellone (tricyanuramido). 

= 9CnNO + C®N»t 

Cyasncluric Cyanic MclUme. 

aciii. acid. 

Cyarneluric acid boiled with nitric acid yields a crystalline product, probably cyanuric 
acid. 

Cta MET, URATES. Cyamcluric acid is tribasic, and forms throe classes of salts; 
viz.; neutral ov trinutaliic s=* ; dimctallic = and 

= C“I1*MN’0*, It unite.s directly with bases and dcconqx)st.*a carbonates. Strong acids 
decompose the cyamelurates, separating cyarneluric acid. 

Cyamelurate of Ammonium ciystallises in needles, which are very soluble in 
water, and fall to powder when exposed to tho air, giving off ammonia and leaving 
an acid salt. 

The /far tM wsu/f, -h aq., obtained by boiling a dilute solution of the 

potiissium-salt with excess of chloride of barium, crystallises in microscopic needles 
very slightly soluble in water, and giving off the greater part of their crystallisation- 
water at 100® C. 

The Cupric salt is bluish white, granulo-crystallinc, soluble in ammoniji. The 
Ferric salt, precipitated from a perfectly neuitral solution of ferric chloride by cyanie- 
lurate of potassium, forms a yellow bulky precipitate resembling ferric phospliate. Tho 
^ ^gnesium^aalt is a white ciystallino precipitate insoluble in water, soluble in 
sal-ammoniac, 

^yft'melurates of Potassium. — Tho tripota^sic-salt, C®K*N’0* + 3 aq., prepared 
as al^ve described, forms white shining needles often sevcTHl inches long, has a strong 
alkaline reaction, tastes soapy at first, then bitter and irritating. It dissolves in 7'‘l pts. 
Water at 18® C., and in I or 2 pts. of boiling water, but is insoluble in alcohol. The so- 
lution precipitates the alkiUis and alkaline earths. The air-dried salt gives off .S al. 
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water when left over oil of vitriol or heated to between 100*^ and 120^ C. ; at a low red 
heat, it melts, giving oft’ first ammoniacal, afterwards acid vapours. The dipotasaic 
aa/t, OK^IIM’O* + 2 aq., separates from a moderately strong and slightly warmed solu- 
tion of the preceding, on addition of acetic acid, in thin lamiiiie, iridescent in sun- 
shine. From a boiling solution, it crystallises by slow cooling in concentric groups of 
crystalline needles. It is somewhat more soluble in water than cyameluric acid, 
and has an acid reaction. The crystallisation-water is given off between 120° aud 
130® C. The salt when heated to redness leaves a yellow-brown fusible residue. 

The Silver-salt, C"N^Ag*0® + aq., is obtained by precipitation, as a white curdy 
substance, forming when dry a white friable mass, sparingly soluble in dilute nitric 
acid. It retains u small quantity of water at 130® C. When ignited it leaves metallic 
silver. 

The Sodium -salt, obtained by decomposing carbonate of sodium with cyameluric 
acid, cry-stallistMi in n(*edles, very soluble in water. 

CTiLMSTBZlirE. A crystal lisable organic base, polymeric with cyanide 

of methyl (CN.CII*), and homologous with cyanothine (CTI'^N*, p. 189), produced, 
with evolution of carbonic anhydride, by the action of chloride of acetyl on cyanate of 
potassium : 

3(0*11*0.01) + 30NKO = 3K01 + 300* + 0*H»N*. 

It has not been an!ilyHe<l, but its composition is inftTred from the analogy of tlio ns 
action to that of chloride of benzoyl on cyanate of potassinm, by which cyaphi nhv- 
(y. w.) is produced. (Clocz, Ann. Oh. Pharm. cxv. 27). 

CYiUrAMZBEL 0N*H* = jpjN. (Biiieau, Ann. Oh. Thys. [2] Ixvii. 368; Ixx. 

251. — Oloez and Oannizzaro, Ann. Oh. Pharm. Ixxviii. 228. — W. Henke, ihki. 
cvi. 286. — Beilatein and Geuther, ibid, cviii. 88. — Strocker, Tlandw. d. Olicm. 
ii. [ 8 ] 286.) — Binoau, by mixing dry ammonia-gas with gaseous chloride of 
cyanogen, obtained a product which ho regarded as ainmoiiio-clilorido of cyanogou, 
0N01.2NH*. Oloez and Cannizzaro (in 1851) showed tliat tliis substance was a mix- 
ture of sal-ammoniac and cyanamide (Nll’Cl + CN-IP), and obtained the amide in the 
pure state by passing gaseous chloride of cyanogen into a solution of ammonia-gas in 
anhydrous ether. Sal-ammoniac then separates out, an<i the ethereal solution, evaporated 
over the water-bath, yields pure cyanamide. For preparing larger quantities of 
cyanamide, it is better to pass dry ammonia-gas and cliloride of cyanogen simul- 
taneously into anhydrous other. Liquid chloride of cyanogen, and the bromide tind 
iodide of cyanogen likewise yield, with ammonia gas, mixtures of ammonium-salt and 
cyanamide. A compound identical in composition with cyanamide, and exhibiting 
similar reactions, is obtained by the action of carbonic anhydride on sodamlde 
(Beilstoin and Geuther): 

CO* + 2NII*Na = 2NanO -f CN*n* 

Cyanamide is a white crystalline body, which melts at 40® 0., often remaining liquid 
when cooled several degrees lower, and then solidifying suddenly by contact with a 
solid body. When heated to 150® 0., it solidifies, with considerable evolution of heut, 
and is converted into the polymeric compound melamine, or cyanuramide, 

Cyanamide is permanent in dry air and dissolves easily in V)ater, but on evaporating 
the solution, it is converted into an insoluble body, probably melamine. It dissolves 
easily and without decomposition in alcohol and in anhydrous ether. Alkalis decom- 
pose it ; with some acids, especially with nitric acid, it forms crystalline compouiids. 
On adding a small quantity of nitric acid to its aqueous solution, nitrate of urea is 
produced : 

CN*H* -(- H*0 = CN*H'0. 

Cyanamide. Urea. 

A solution of cyanamide, mixed with nitrate of silver and a small quantity of ammonia, 
yielcU a flocculent yellow precipita^ (? argento-cyanamido, 0N*Ag*), soluble in am- 
monia and in nitric acid. A solution of cyanamide and acetate of copper yields, on 
gradual addition of potash, a brown bulky copper-compound. (Beilstein and 
Geuther.) 

Cyanamide mixed in an aqueous solution with glycoccl (C*Nn»0*), unites with it, 
forming glycocyamine, C'N*H*0* a base homologous with creatine, which separates 
after some days m colourless crystalline needles. (Strecker.) 

SubstitiUion-derivatiues of Cyanamide. — These compounds, derived from <^anamide 
by the substitution of 1 or 2 at of an alcohol-radicle for an equivalent quantity of 
hydrogen, are obtained by the action of chloride of cyanogen on ethylamine, pheoyl- 
ainine, &o. The ethyl and phenyl compounds are the only ones that have been 
studied. (See CYAWTBTLjUIIDB«Dd CYAgOVUaNYLAJlWB.) 
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Dlcyano-diomide, =» | N* An aqueous solution of cyanamido loft 

to itself for some time, or more quickly if mixed with a small quantity of ammonia, 
dopoaits a sparingly soluhle^ substance, ciystallising in broad laminie, and apparently 
consisting of di^ano-diamido, the molecule of which is simply that of cyanamide 
doubled. It unites with nitrate of silver^ forming the compound C^N^H^.AgNO*, which 
ciTstallises in ve^ slender needles, very soluble in boiling water, sparingly in cold 
writer and in nitric acid. The solution of this silver-compound mixed with ammonia 
yields a white insoluble pulverulent precipitate consisting of C'‘N‘H*Ag. 

^ Dicyano-diamidfi dissolves in aHds, the solutions yielding by evaporation ciyst^Uine * 
Balts of tliobase O^NWO. The hydrochlorate, C^'NWO.HCl, forms colourless 
nectlles, and its concentrated solution yields with dichloride of platinum, a crystalline 
precipitjite, 2(C*N*H*O.H(/l).PtCl^, which crystallises from hot water in large prisms. 
Tie* nitrate, C*N^TPO.HNO* (at 120*^ 0.), ciy’stallises in colourless needles grouped 
in liomisphcres. The oxalate (C“N^II“Oy.C‘*lIW, is formed on adding a w'arm con- 
rrntratod solution of oxalic acid to a solution of dicyano-diamide, and crystallises on 
evaporating the liquid. Its formation is attended with copious evolution of carbonic 
oxide and carbonic anhydride, arising from decomposition of part of the oxalic acid 
addcsl. The sulphat e (C“N^H®0)* H'SO* + 2 aq crystallises in needles which give 
olf their water at 100° C. The base, is obtained by heating the solution 

uf the sulphate ^vith carbonate of barium, and evaporating the filtrate, in colourless 
crystals having an alkaline reaction, easily soluble in water, sliglitly in alcohol. Wli'*n 
])()j]ed witli water, it is decomposed, with evolution of aniTiionia, and formation of a 
ha.se which appears to belong to the type Nll^.ir.O, inasmuch as, when tre^ited with 
hydrocliToric acid, it is converted into a chloride, with edimination of 2 at. water, 
(ilaag, Handwdrtcrbuch, loc. cii.) 

TriicYANo-TiiiaM(])E, See CvANmAMipB. 

CTANDZSTBYXiAMXDZi. See Oyanktiiylamide. 

CTABETHZirs. (FrunkJand and Kolbo, Chem. Soc. Qii. J, i. GO ; 

Ann. Cli. 1‘liarm. bcv. 288)- An organic base, polymeric with cyanides of ethyl (CN.C^ll-), 
and probably having the constitution of a triamide, (Hofmann)! 

It is obtained by the action of pota.Msium on that compound. Hydndo of ethyl is 
cvolv(‘d witli brisk offervcsccnco, and a yellow vi.scid residue is obtained, consisting 
(deyy Hide of potassium mixed with a small quantity of cyanethino, from which the 
cyanide of potassium may be (lis.solve(l out by cold water.* It is difficult to account 
tor the evolution of hydride of ethyl in this reaction, unless it be supposed that fho 
polnssiiiin iLsed was mixed with hydrate of potassium. 

Cyanetliine crystallises from boiling water in white nacreous scales. It has no 
srnoll, and very little ta.ste, molts at 190° C., and boils with partial decomposition at 
Cold water dis.solves it very slightly, boiling water more freely, aleoliol in all 
j'ropnrtioiis. The a<]ueous .solution ]ia.s a faint alkaline reaction. Cyanethine may l)o 
boiled and oven melted with potash, without altcmtion. 

(.Vanethino dissolves ea.sily in all adds, forming salts which have a rough and slightly 
hitter ta.sto, are soluble in water and in alcohol, and often crystallisable. The ardnic 
pnes oft acetic neid when evaporated in vacuo, and is converted into an insoluble 
1 asie Slit. 1'he hydfrochl orate and the sulphate arc very soluble in water, and n?i- 
<T\ stall isable. The chlornplaiinate, (C"ll‘*N*.llCl)“.FtC]b is obtained by precipitation as 
a reddish yellow (’rystnlliMo salt, moderately .soluble in alcohol, le.ss in water, and 
riy.stallising tlierefroni by evaporation in large ruby-coloured oetaliedrons. Tho nb 
tjijholic solution is decomposed by evaporation, yielding cliloroplatinate of ammonia riu 
llie mtrate, 0®II''^NMTNO*, crystalli.ses in large colourless prisms, which are perfectly 
neutral. The oxalate, forms fine prismatic ciystabs. 

CHPNO. (Cloez, Coinpt. rend. xliv. 482 ; Ann. Ch. Pharm. 
cii. 354.)-- An organic base isomeric with cyanatc of ethyl (CN.C'^IP.O), pro<l«ced l>y 
»e action of gaseous chloride of cyanogen on a solution of ethylate of sodium in 
absolute alcohol: 

(PlPNaO + CNCl - NaCl + C*1PN0. 

On decanting the liquid from tlio deposit of chloride of sodium, and distilling it in the 
<^y*io^tholine remains as a syrupy liquid of specific gravity 1-127 at 16° C., 
uch^ may he freed from cliloride of sodium by washing with water. It has a 
like that of sweet oil of wine, and a disagreeable bitter taste. It is 
‘soluble in water, but dissolves in all projyirtions in alcohol and ether. It is decom- 

pprhTnf cyanethine obtained by the prore*!* above described is extremely small : It mifiht 

‘dneffl more readily by a process analogous to that by which Cloei has obtained cyapiio* 

\H' V.;, vii. by the action of chloride of propionyl on cyanate of potassium, 

3CM1'()CI + 3CNKO «= 3KC1 + 3CO* + C»H' *N». 
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pos?d by distillation, leaving a carbonaceous residue. By filing \»*ith strong potasl*. 
ley it is decomposed, with evolution of ammonia (? othylamine). When nitric oxide is 
passed into a solution of the bjise in nitric acid, nitrogen is evolved, and u crystullisuble 
substance, not yet examined, is deposited. 

Cyanetholine dissolves in acids, forming salts which are mostljp^^tallisable. Tim 
cUontplatinate is yellow. The nitrate forms with nitrate of silvei^ double salt which 
separates in large crystals. The sidj^hate crystallises in small prisms when its solution 
is evaporated over oil of vitriol 

CN X 

CTAVaTBT&jBLMZBB. C’N2IP=CTIHN. (CHoez and Cannissaro, Ann 

II i 

Oh. Pharm. Ixxviii. 22 8.) —Produced by the action of gaseous chloride of cyanogen on 
ethylamine : 

CNCl + 2C*H’N - C-n^NJICl + C’N*H«. 

It is a w(!ak ba.se, uniting with concentrated acids, and forming compounds whicl 
are decomposed by Water. At 180*^ C. it is resolved into cyaiuliethylamide, which 
distils over at that temperature, and a solid amber-coloured body, which volatili.^cd 
without decomposition at 300® C. The latter is a feeble base, C^N^H®, which forms 
with hydrochloric acid and dichloride of platinum, a crystalline compound, nearly in- 
soluble in water, but easily soluble in alcohol, especially when heated, and sepaimting 
in line ycllow.scales on cooling. 

CN ^ 

Cyandicthylamids^ «= ^ mentioned, by tlio 

decomposition of cyanethylamide ; 

3C»N2H® =:= c»Nnr» + 

Also by passing chloride of cyanogen into a solution of diethylamino in anhydrous 
ether. 

It is a colourless liquid which hoils at 190® C., and is decomposed by acid.s ami 
alkalis into carbonic anhydride, water, and diethylamine: 

N.CN.(CTP)2 + 211*0 - C02 + NIP + N(C‘IP)'*\H. 

C^andicthylutnide. l>i«tl)>'laiuinc. 

CT&irXC ACXB. CNIIO O.pr | N. (Wohler, GUb. Ann. b«i. 95; 

Ixxiii. 15.— Pogg. Ann. i. 117; v. 335; Anii.Ch. PJiarm. xlv. 351.— Liebig, Kastn. 
Arch. vi. 145; Schw. .T. xlviii. 376; Pogg. Ann. xv. 561, 619. — L i oh igan'd Wohler, 
Pogg. Ann. XX. 369. — Ba(*ycr, Ann. Ch. Pharm. oxiv. 156. — Briining, ibid, civ. 
198.) — This acid, originally distinguished by the name of ct/anous acid (cyan uric 'acid 
being then regarded as a higher oxide of cyanogen and called cyanic acid\ wa.s 
noticed by Vaiiqucliii in 1818, afterwards obtained in a more definite state and 
examined by Wohler in 1822. It is produced: a. In tlie free state: 1. By heating 
the polymeric compound, oyanuric acid, O’N’IPO", which then splits up into 3 atoms 
of cyanic acid. 2. By heating urea (eyanate of ammonium) with pliosphoric anhydride 
to 40® C., the mixture then rising spontaneou.sly in temperature to 13U® — 140®, and 
yielding a distillate of cyanic acid mixed with cyamelide (Liebig). 3. -By the dry 
distillation of xantliamide (sulpliocarbamab^ of ethyl), wliich tlien splits up into mer- 
captan (sulphydrato of ethyl) and cyanic acid (Debus): 

C’lPNOS « C=1PS + CNIIO. 

Xaiith.iini(le. MorcHptan. Cyanic ucid. 

4. By heating uric acid with peroxide of manganese and sulphuric acid (Dobereincr 
Gilb. Ann. Ixxiv. 121). 5. By heating mercuric urate to redness (Wohler.) 

h. In combination with bases . 1. By passing eyanogen gas into solutions of the 
alkalis or alkaline eai’tbs, or by heating an anhydrous alkaline carbonate to low redness 
in cyanogen gas, or with an anhydrous metallic cyanide, such ««j cyanide of mercury : 

2CN + M'^0 ^ CNMO + CNM 

(’yanaie. Cyanide. 

2. By fusing a cyanide or ferrocyanide of an alkali-metnl in contact with the air, or 
with easily reducible oxides (such as oxide of lead) or with peroxides, or with Bnrill 
quantities of nitrates. 3. By the electrolysis of a solution of cyanide of potassium, 
the cyanate being then formed at the positive pole (Kolbe). 4. By igniting nitre 
with excess of finely divided charcoal. 6. By adding mol am, ammelino, or ammelide 
to molting potash hydrate as long as it dissolves (Liebig). 6. By heating sulpho- 
qyanate of ethyl with potash-ley, the products being cyanate of potassium, cyanide of 
potassium, and disulphide of etayl (Briining) : 

2(CNS.C^H®) + K^O = CNXO + CNK + 
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7. A solution of urea mixed with nitrate of silver and evaporated, yields cyanate of 

^^\'^eparation.— Cyanuric acid, previously dehydrated, is heated in a small retort to 
comraoncing redjaes^ and the evolved vapour of cyanic acid is condensed in a receiver 
Mirrounded witE^^lpeezing mixture (Wohler). The distillate thus obtained is 
always more or IcM clouded by the presence of the insoluble polymeric compound 
cvaiilelide which likewise sublimes in the neck of the retort together with 

unaltered cyanuric acid. The loss of product thus arising may be diminished, accord- 
ing to Baeyer, by heating the cyanuric acid in a tube bent at right angles, and laid in 
tt coinbusobn-furiKict', in such a manner that the ht'at may reach the bend during the 
whole of the process, the heating being commenced at the bend and gradually extSided 
backwards. It is best also to pass a stream of carbonic anhydride through the tube 
during the process. 

Cyanic acid cannot be separated' from its salts in the ordinary way by the action of 
aqueous acids, because it then immediately takes up water and splits up into carbonic 
acid and ammonia. It may, however, be obtained by passing dry hydrochloric acid 
over dry cyanate of silver and collecting the evolved vapours in a cooled receiver. 

( W d h 1 e r, Pogg. Ann. v. 386. ) 

rroperties . — Cyanic acid is a thin, colourless liquid, which reddens litmus strongly 
and imsan extremely pungent odour, like that of glacial acetic acid, and somewhat like 
tlmt of sulphurous acid. The vapour excites a copious flow of tears, and causes violent 
smarting in the hands. A drop of the liquid acid instantly produces a white blister 
attendcil witli severe pain ; indeed,, it is almost as dangerous to work with as strong 
liyilroiluofic acid. ® 

Cyanic acid may be reg-arded cither as a hydrate of cyanogen^^j O, or as Ciirbimido 

formulm exhibits most clearly the relations of cyanic acid 

to b>ast*s ‘Uid to other acids i the latter, its decompositions in presence of water tho 
(K'Ci 'ijj[)Ositions of the cyanic ethers by alkalis, &c. * 

J}f.:ci>mpo6itiims. — 1 . The liquid acid changes spontaneously into cy am elide (in- 
siduMo cyanuric acid), a substance which is polymeric with it, the change taking place 
the more quickly and with greater rise of temperature, in proportion as the substance 
IS li'ss cook-d. At 0 C., the acid changes in an hour, and without explosion, into dry 
hard, .snow-white cyamelide ; but if it bo removed from the frigorific mixture so that 
It may {Lssunie the ordinaiy temperature, it soon becomes turbid and milky, begins to 
•oil, thickens to a pasty consistence, and becomes continually hotter, till it explodes • 
liic paste is tlien scattered about, and changes completely into cyamelide. At ordinary 
tmuperalures, the conversion is complete in ftve minutes; it likewise takes place 
quickly under increased exteniul pressure as under the ordinary pressure. Vapour of 
c.vanie acid mixed ^dth an inactive gas aiipears to remain unchanged for a long time 
(Jacl^ig and Wohler). 2. The acid, mixed with water, splits up spontuneo^ly in 
a .sliort time, at ordinary temperatures, into 1 at. carbonic anhydride and 1 at. 
ammonia, the acid reaction of the liquid then changing to an alkaline reaction, and 
u .‘Jiuell ot aTimioiiiu being produced. (Wohler.) 

N.cb.ir + H’-O = cb.O + Nil*. 


liilst one portion of the cyanic acid is thus converted into acid carbonate of 
witr'T™’ I>ortion takes up tho ammonia, driving out the carbonic anhydride 

ammonium, which, on evaporation, is con- 
Bcnar ites^ in converted into cyamelide, and 

lioLt ; 1 decomposition is likewise attended with evolution of 

iui,l V 'i'ho aqueous acid, when prepared by bringing cyanic 
«ni:iltmK+V' contact with ice, in a receiver surrounded with ice, remains nearly 
(Liel)i.r .,n/l off a few bubbles of carbonic anhydriile 

of tlm considerable quantity of water retards the decomposition 

aoids ..onn ^ into carbonic acid and ammonia; tho presence of one of tho stronger 
3 r.;, ^eleratus it, by virtue of the affinity of that acid for the ammonia (Wohler) 

Ur kl x 18 decompoiBed hj sulphydric acid (Li eh ig), 4. When cyanic 

allonii ,, la pfissed into nwihplic, eihplic, or amylic alcohoL the corresponding 
^lopiiunic ethers (1. 133) are produced: tr' 


Tlic.so etliors 


C*II®0 + 2CNH:0 = C*H*(C*H*)N*0* 

Eth.» lie Cyanic Alluphanate of 

alcoliol. acid. ethyl. 

were originally mistaken for cyanic and cyanuric ethers (Liebig anA 
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Wohler). 6. With anhydroue aldehyde, cyanic add forms trigenic acid, *!•), 
erolution of carbonic anhydride (Liebig and Wohler.) : ' , 

CfffO + aCNHO =. C'H’N>0» + C0». I 

Aldehyde. Cyanic acid. Trigenic acid. 

6. With glycol^ glycerin^ and cii^enk acid^ cyanic acid reacts in th^same manner as 
with alcohol (Baeyer). 7. With valeraldihyde^ it forms' coili|^nnd homologous 
with trigonic acid. 8. When cyanic acid vapour is passed into truthylphosphine, ik, 
change of composition takes place in either body, but the cyanic acid is polymerisci] 
into cyanuric acid, which settles down as a white deposit (Hofmann, Chem. Soe. 
Qu. J. xiii. 322.) 

HydrochloTate of Cyanic acid^ CNHO.HCl. — When dry hydrochloric acid gas 
passed through a long tube containing well-dried ^anate of potassium, great lieat is 
produced, and a colourless liquid distils over. This reaction is always accompanied hy 
the production of cyamelide, which remains behind on dissolnng the chloride of 
calcium in water; and, if the emanate of potassium be not kept cool, we obtiin, instead 
of the above-mentioned distillate, nothing but a mixture of cyamelide and hydrochloric 
acid. Cyanate of silver appears to be better adapted for the prepjiration than tho 
potassium-salt (Wohler). The compound is a transparent and colourless liquid, 
which fumes strongly in the air, and smells very strongly of cyanic and hydrochloric 
acid. 

Enclosed in a sealed gla.s3 tube, it remains unaltered at 0*^ C. ; but, at ordinary 
tomjvraturcs, it solidifies in a few days into a crystalline mass, consisting of sal-ain- 
moniac and cyamelide, the solidification being accompanied by the evolution of higldy 
compressed carbonic and hydrochloric acid gases (Wohler). The compouiul, liejitdl 
in open vessels, is resolved into cyamelide and hydrochloric acid gas. It di.ssolvo» 
immediately in water, yielding a solution of sal-annnoniac, with great rise of tempe- 
rature and violent evolution of carbonic anhydride : 

CNHO.HCl + H"0 NH’Cl h CO* 

Hence it immediately begins to etfervesee when exposed to moist air, or when breathed 
upon, the decomposition going on till nothing remains but a solid mass of sal-nm- 
moniac. Wlien mixed with alcohol, it decomposes immediately, with great evoluliuii 
of heat, into hydrochloric acid and allopkanic ether. (Wdliler, Ann. Ch. Pliarni. 
xlv. 357.) 

Cyanatea. Cyanic acid is monobasic, its salts having the formula CNMO or 
CN / 

2 ^rSO. They are obtained, somerimes by the methods indicated for the formation of 

cyanic acid (p. 191) ; sometimes by bringing the aqueous acid in contact with the haso ; 
sometimes by precipitating an aqueous solution of cyanatoof potassium or barium with 
a heavy metallic salt (Wohler). In the la.st ease, however, according to Haidhn 
and Fresenius, a carbonate is sometimes thrown down instead of the cyanate, e.g. with 
load and zinc salts. 

^ Ma^ cyanates, as those of silver and mercury, when li rated in the diy state, 
give offundeeomposod cyanic acid, together with carbonic anhydride and niti-ogeii gates ; 
others, as those of the fixed alkali-metals, remain undecomposed even at a rod heat, 
excepting in presence of moisture, by which the salt is decomposed, at a moderate 
heat, into carbonate of ammonium, fixed alkaline carbonate, and a substance re- 
^mbling paracyanogen ; the same decomjmsition is prpduccd even by repeated solutiou 
in water and evaporation : 

2CNKO + m-0 = ITO + 2NIP + 2CO*. 

Cyanates are decomposed by the stronger acuh, the cyanic acid being wholly or partly 
decomposed by the water present, into carbonic anhydride and ammonia, so that the 
reaction is attended with effervescence, and the liquid, if subsequently heated with 
excess of potash, gives off* ammonia. The pungent odour of cyanic acid is always more 
or less perceptible. Cvanatcs detonate when heated with chlorate of potassium 
(Wohler). Strong sulphuric acid, dilute hydrochloric acid, and aqueous oxalic acid 
•eliininate from cyanates scarcely any but carbonic acid, i-ctaining the ammonia; crv.s- 
tallised oxdio acid, or concentrated hydrochloric acid, expels cyanic acid, wliich is then 
converted into cyamelide. Dilute sulphuric acid eliminates, together with the carbonic 
wid, a quantity of undecomposed cyanic acid vapour, which may be recognised by its 
intenselv pun^nt odour. Some acids, as acetic acid (and likewise mineral acid.s 
€. g, hydrochloric acid, according to Campbell), if added to the concentrated solution 
of the potassium-salt, likewise throw down crystals of acid cyanurate of-pobissiiim 
(Wohler). The odour of cyanic acid is slowly, and theivfore most perceptiMy, 
evolved on dissolving cyanate of potassium in water containing cream of tartar. 
(Hiinefold, Schw. J. lx. 477.) 
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'Fhe cvaoatcfl of the alkali-raetala, alkaline earth-metals, and a few others, are 
olable in waUK The solutions form white precipitates with nitrate of had or silver, 
rr with mercurous nitrate, peenish- brown with nitrate of copper, and brownish-yellow 
Aith chloride oi gold (Wdhlor). They do not form any precipitate with stannous 
or stannic chloride^ ferrous or feme chloride, or with mercuric cliloride. Neither do 
(lioy form prussj^ blue witli iron-salts, on addition of sulphydric acid or sulphate of 

Ammonium. 

Cyanates of Ammonium, — The neutral salt CN.NH^O, which is isomeric with 

carl »}imide (urea), prepared in the solid state, but maybe ob- 

t •lined in solution by decomposing cyanate of silver with aqueous sal-ammoniac, Tbo 
Dltt reJ liquid exhibits the reactions of a cyanate, hut when heated or left to evaporate 
bpontanoously, it is converted into urea. 

Basic salt. — When vapour of cyanic acid is mixed with dry ammonia-gas, the two 
condense, witli great evolution of heat, to a snow-white powder, very soluble in w'utep* 
The solution, when evaporated, gives otf ammoniji, and deposits urea. The dry salt 
undergoes the same transformation, gradually on exposure to tlio air, immediately when 
heated; in an atmosphere of ammonia it may be preserved unaltered. (Wohler.) 
Ci/anate of A myl. — See Cyanic Ethers. 

Cijanate of Barium, Ba'\ONO)\ may bo obtiiinod by passing cyanogen ^s into 
haryta-water, wliereby cyanate and cyanide of barium are produced, decomposing the 
cyanide with carbonic acid, and removing tho carbonate of barium by filtration 
(Wohler); by mixing concentrated aqueous solutions of emanate of potassium and 
acetate of barium, and adding alcohol, which throws down a precipitate of cyanate of 
liiiriuni (Berzelius) ; or most easily by heating cyanurate of barium in a retort till it 
melts (Berzelius), Tho salt crystallises in small prisms. Its aqueous solution is 
decomposed hy boiling, into ammonia and carbonate of barium. 

Cyanate of Calcium, — Obtained by passing cyanic acid vapour iuto milk of lime. 
It dues not cryslalli.so. 

Cyanate of Copper. — Greenish-brown precipitate, obtained by mixing the eolu- 
tions of cyanate of barium and acetate of copper. 

^ Cyanate of Ethyl . — ►See Cyanic Ethers. 

Cyanate of Ltad,Vh"{Q^Oy\ is obtained bymixing the solutions of acetate of load 
and oynnate of potassium, as a white precipitate oonipo.scd of fine needles, and soluble 
ill boiling water. Wiicn heated in an open vessel, it takes fire, burns with sparkling, 
and leaves metallic lead. 

Cyanate of Methyl. — See Cyanic ‘Ethers. 

Cyanate, Mercurous . — Wliito precipitate, obtained by adding a solution of the 
barium-salt to mercurous nitrate. 

Cyanate of Naphthyl.) 

Cyan ate oh P h e n yl. ) 

Cyanate of Po tassiu^m, CNKO. — For the various modes of formation of this salt, 
Koe page 190. It is prepared by oxidising the cyanide with metallic oxides : 1. Crude 
cyanide of potassium, prepared by fusing tho ferrocyanido with carbonate of potassium, 
and containing 5 at, cyanirle of potas.sium to 1 at. cyanate, is heated to the melting 
p(»iiu in an eartlieu or iron crucible ; somewhat more than three times tho quantity of 
pulverised and gently ignited litharge is then introduced, the fused mass being stirred 
at the same time; tho mixtiiro is heated till the metallic lead has collected at the 
bottom, then poured out; and the solidified saline mass is pulverised and boiled with 
alcohol a.s long as the resulting solution continues to yield cyanate of potassium on 
cooling (Liebig) : 

CNK + Pb*0 « CNKO + Pb*. 


^^ccording to Clemm (Ann. Ch. Pharm. Ixvi. 382), the best mode of preparing cyanate 
t'f potassium is to add 15 parts of minium, by small portions at a time, to the fused 
and somewhat cooled, but still fluid mass of 8 pts. ferrocyanide and 3 pts. 
l>ouate of potassium, taking care that tho temperature does not rise too high. The 
crucible is then to be returned to the fire, and tlie contents stirred, poured out, and 
left to cool. — 2. A finely-pulverised mixture of ferrocyanide of potassium and per- 
oxide of manganese is raised to a very low red heat (if the heat be stronger, the 
cyanic acid is decomposed, with formation of carbonic anhydride and protoxide of 
inanganese) (Wohler). Or an intimate mixture of 1 pt. crystallised ferrocyanide of 
potassium and from li to 2 pts. manganese, is formed into a cone, the point of which 
w Bet on fire by a red-hot coal whereupon a slow combustion extends throughout tha 

vot.a 0 
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mass (Liebig). Or better i a Teiy finely-pulverised and intinuite mixture of 2 pti, 
dehydrated feirocytnide of potassium and i pt. manganese is heated to low redness 
On an iron plate, with constant stirring, the mass grafhiiiUy burning with a glimmering 
light. The oxygen of the manganese is far from sufficient for the formation of the 
cyanate of potassium, but the air likewise takes part in the action ; if more manganese 
be used, a considerable quantity of carbou.ite of potassium is produced (Liebig). 
—3. An intimate mixture of 3 pts. dehydrated ferrocyanide of pi^ssium, 1 pt. dry 
carbonate of potassium, and 4 pts. very finely pounded manganese, is gently ignited in 
a crucible till a sample dissolved in water after cooling no longer forms Prussian blue 
with ferric salts. The mass, when cold, is finely pounded and boiled witli 80 per cent, 
of alcohol (Berzelius, Lf hrbuvh). — ^. A mixture of 4 pts. ferrocyanide of potas- 
sium and 3 pts. nitre, is tlirown by small portions into a red-hot micible. Strong 
detonation tlicn takes place, and there remains a black mixture of undecomposod 
ferrocyanide, charcoal, fiirric oxide, and carbonate and cyanate of potassium, the 
quantity of the latter amounting to 1 part. (Wohler.) 

To obtain tlie cyanate of potassium in a purer state from the residues of those 
processes, they must ho boiled with alcohol of the strength of 86 per cent, as long a.s 
the resulting liquid continues to yield cyanate of potassium on cooHng. The alcoholic 
mother-liquid serv’os to repeat the exhaustion of the residue. The ciystals must be 
several times washed wntli absolute alcohol, p)res8ed, rapidly dried at 100° C., or in 
vacuo over oil of vitriol, and preserved in a well-closed bottle, because the salt is very 
easily yeaolved by the action of moisture into carbonate of ammonium and acid carboimte 
of potaaiium. (Berzelius.) 

Cyanate of potassium crystallises in small colourless laminne and needles, similar to 
V those of chlorate of potassium. It fuses at a tempemturo much below redness to a 
transpirent and colourless liquid. It is inodorous, and tastes like nitre. ^ (Wohler.) 
It dissolves readily in water, sparingly in cold hydrated alcohol, more easily in boiling 
hydrated ahwhol ; in absolute alcohol it is insoluble. (Wohler.) 

The dry salt is not deeoraiwsed by ignition ; but if vmter be dropped upon it at that 
temperature, it is rjipidly resolved into carbonate of potassium and carl)onate of 
ammonium. The same change t.ake.s place when an aqueous solution of the salt is 
> evaporated in the aii’, either at the ordinary or at a higher temperature (Wohler) : 

2CNKO + 4H-0 - CO»K2 -h CO>.(Nn*)". 

Hydrogen gas passed over the red-hot salt, abstracts all the oxygon and reduces it to 
cyanide of* potassium ; but tlio water thereby produced decomposes another portion of 
tno cyanate of potassium into carbonate of potassium and carbonate of ammonium 
(Wohler), Charcoal at a red heat likewise converts cyanate of potassium into cyanide 
(Gm eli n). Potassium dissolves quite quietly in melting cyanate of potassium, forming 
a mixture of potasli and cyanide of potassium : 

CNKO + K* CNK + K'O. 

Bed-hot iron-filings form, with the salt, a mixture of cyanide of potassium, forro- 
cyardde of potassium, and protoxide of iron (Wohler). Sulphur fuses with the lalt, 
forming a mixture of sulphoeyanate, sulphide, and sulphate of potassium (Wohler). 
In this case, other decompo.sitiou-prodiicte are probably formed at the same time.— 
Sulphuric acid converts the molted salt into a yellow mixture of sulphide and sulpho- 
cyanate of potassium, a small quantity of .sulphydmto of ammonium being sublimed at 
the same time (Wohler.) I)ry hydrochloric acid gas^ passed over the heated salt, 
produces sal-ammoniac and chloride of potassium (Wohler); probably also phoa* 
gene is formed at the same time : 

CNKO + 4HCI = KCl + NH'Cl + CCIO. 

When cyanate of jwtussium is heatod with chloride of benzoyl^ carbonic anhydride 
is evolved, and chloride of pota.ssium is formed, together with cyaphenine, a crys- 
talline base polymeric with cyanide of plicnyl (bonzonitrile), and a small quantity of 
an oil boiling at 100° C., which appears to be cyanidt of phenyl : 

3C’H*OCl + 3CNKO = 3KC1 + SCO* + C**H“N*. 

Chloride of Cyanate of Cyaphenine. 

beuioyl. potaMlum. ^ 

A similar reaction takes place with cMoride.of acetyl, anhydride being evolved 
and a crystalline base produced, probably cy am etnine, C*H®N* (p. 290). (Cloea 
Ann. Ch. Pharm. cxv. 27.) 

Cyanate of Silver, CNAgO, is obtained by decomposiug (^anate of potassium 
with nitrate of silver, as a white precipitate, of specific gravity 4 * 004 , and somewhat 
soluble in boiling water. Dilute nitric acid dissolves and immediately decomposes it 
When heated, it melts, burns with incandescence, and leaves charcoal and metalho 
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uUver containing nltrogon. It dissolves in ammonia, tlie solution yielding by evapora- 
tion, large semitransparent crystalb'ne lamina^ consisting of amnioiiio-cyanato of 

eilver, or cy an^te of argentaramonium. When exposed to the air or immersed 
in water, tlioy iip ammonia and become opaque. (Wohler.) 

Cyanate of Sodium is crystallisable. 

Cyan ate of Yttrium . — Anhydrous salt, insoluble in water and in alcohol; sepa- 
rates after a while from a mixture of the alcoholic solutions of cyanute of potassium 
and an yttrium-salt. (Berlin.) 

aTKBRS. Those compounds, the cyanates of the alcohol -nt did os, 
are ohtained by distilling cyanate of jKitassiiim witli etliyl-siilpliate of potassinin, 
or by the action of the iodides of the alcohol-rrulicles.on cyanate of silver. Tliey are 
volatile liquids which give, with potash and with ammonia, reactions analogous to 
those of cyanic acid (cyanate of hydrogen), yielding, in tlio first ease, carbonate of 
potassium, and an ammonia in which 1 at. hydrogen is replaced by an alcohol -radicle, 
and in the second, a carbamide, or urea, in which 1 at. hydrogen is similarly replaced. 

Cyanate of Allyl, C<H»NO - CN.CTP.O, or N.CO.C^n-'. (Cahours and 
Hofmann, riiil. Trans. 1857, 655.) — Produced by the action of iodide of allyl on 
cyjinate of silver. The heat produced by the reaction is sufficient to distil over nearly 
the whole of the volatile product. It is a transparent colourless liqui<l, having a pun- 
<r! ntand i n ten ‘^ely tear- exciting odour. It boils at 82^^ C, Vaponr-density 3*045 
(rxp.) ~ 2*88 (calc. 2 vols.) It dissolves easily, wdtli rise of temperature, in ammonia^ 

CO f 

and the solution when evaporated yields cry^stals of ally 1-urea, H 3 /(isTp\f N*. With 

fthj/laminc.^ in like manner, it yields ethyl-allyl-urea. Distilled with potash it 
yields allyl amine, N.IP.C'IP. 

Cyanate of Amyl, C«n"NO = CN(C*H*‘)0, or N.C'b.CW*. (A. Wurte, Ann. 
Ch. Bhys. [3] xlii. 43.) — Prepiired by heating 2 pts. of amylsulphate with 1 pt. 
cyanate of potassium : 

C*H'hK.SO» + CN.K,0 = K^SO* + CN.C*H».0. 

If a small quantity of mercury be added to the mixture, it may be distilled rapidly 
over llie open fire. The distillate, if rich in cyanate of amyl, is tolerably mobile, 
\Mieu purified by rectification from a sm.all quiintify of a less volatile compound, it 
boils at about 100^ C. With it yields amyl-urea, N''*.(C0)".G*1I“.IP, and 

when heated with it yields amylaminc, N.IP.C'^II". 

Cyanate of Ethyl Cyanic ether, C=»H*NO = 0N.C>H».0, or N.C/b.C*^H\ 
(Wurtz, loc. n't) — Obtained, together with cyunuric ether, by distilling cyanate of 
potassium with the ethylsulpluitc. The cyanic ether is ('asily separated l>y rectifica- 
tion, being very volatile, whereus the cyan lU’ic ether, which has a triple atomic weiglit, 
does not boil till raised to a very high temperature. It may be purified by several 
rectifications over chloride of calcium. 

Cyanate of ethyl is a transparent, colourless, very mobile liquid, of specific gravity 
0 8y89, and having a very high refracting power. Boils at 60 C. Vapour-den- 
sity = 2*475 (exp.) = 2*460 (calc. 2 vols.) The vap)our is very irritating, and excites 
a copious flow of tears. 

pecompoidtiona. — 1. Cyanate of ethyl is decomposed hy water into carbonic anhy- 
dride and diethyl-carbamide : 

2(N.ff0.C‘H‘) + H*0 = CO» + K»db.(C=H*r.H» 

2. It dissolvea in aqueous ammonia, the solution yielding by evaporation beautiful 
prisms of ethyl-carbamide : 

N,c6.C*H‘ + NH* - N*. c5.C*H*.H‘. 

With ethylamint, phmylamine, amine, &e., it yields, in like manner, carbamides in 
which 2 at, hydrogen are replaced by alcobol-radicles, e. g. 

N.db.C’H* + . K*. d'O.C'H*. C‘H‘ H‘ 

Cyanate of Fheoylamlne. Phenyl-ethyl-carbamide. 
ethyl, * 

'with potath in a sealed tnbe^ it yields carbonate of potassium and ethyla- 

N.c 6.C>H* + 2HKO = Cd.K» 0» + N.C'H* H*. 

Cyanate of Carbonate Etbylaminei 

•thy]. of potaatlunia 

0 2 
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4. Heated in like manner with taihydrovLa eihylate of sodium (or potassium) it yid^ 
triethylamine: 

N,cd.C'‘H‘ + 2(C'H‘.K.O) = CdK^O“ + 

Sometimes, however, a different reaction takes place, yielding carbotriethyltriamine and 
other products (Hofmann, pp. 654, 6()0). — 6. Cyaiiate of ethyl mixed with glacial 
acetic acidy yields carl)oiiic anliydride and etliylacctamide : 

N.Cb.C'^H* + = CO* + N.(C-H»0)*C*H* 

6. Heated to 180'^C. in a scaled tube yviih. acetic anhydride it yields ethyldiaceta- 
mide : 

N.cb.cw + (c*n*o)* 0 = CO* + n.(c*h»o)*.c*h» 

7. When cyanic ether is mixed with concentrated formic acid^ violent evolution of car- 

bonic anhydride takes place, and if the tube be then sealed and heated to 100° C 
etliyNformumide, C'JPNO = N.CIIO.C-IIMI, is produced. — 8. With alcohl 
cyunate of ethyl forms ethylcar bamate of ethyl (cthyl-urcthaue) : ^ 


N.co.c*n» 4 c*H5.n.o = n.h.c*ip.(co)".c*h».o. 

It does not act upon i thrTy even when strongly heated with it in sealed tubes for sevcnil 
days. — 9. Cyanato of ethyl dissolves urm (carbamide) at a moderate heat, and the solu- 
tion, heated to 100° C. for about a quarter of an lioin*, and then left to cool, solidifies 
to a crystalline jnass, chiefly consisting of the compomul formed by the 

union of 1 at. carbarnidcj (CH'N-O) and 2 at. cyanic ether (Cni'^^NO). This compoiin.I 
which crystallistis from hot water in white silky needles, and dissolves readily in alcohol,' 

^ (Cb)* > 

ether, and dilute ucids, is dicthyl-tricarbo-totramide, (0*nn*SN<; it containa 

) 

also the elemeiifs of di of hy 1-cy annrato of ammonium, l>ut it 

does not exhil.it the oharach^rs of an ammonium-salt, not yielding diethylcyammc 
acid wlien treated with mineral acids, or being precipitated by dichloride of plafin«irn 
or giving off amnionia when treated with cold potash, in which indeed it dissolv.'s 
without decomposition ; it, is only when boiled with potash that it suffers decoinposi- 
Uon, being tliwi resolved into 2 at. ammonia, 8 at. ethylamino, and 3 at. carlionic an- 
hy^lnde (Hofmann, Proc Koy. Soe. xi. 274).— 10. Cyanate of ethyl, mixed with 
IS gradually converted into cyanurate of ethyl- the odour of 
the cyanato soon disappeai-s, and if the liquid be then treated with dilute hydrochloric 
acid to remove tlie phosphorus-base, the oil wliich floats on the surface quickly 
solidifies to a crystulUne mass of cyuimric ether. (Hofmann, Cliem. .^oc. Qu. J. 
xiii. 322.) 

HffdroMraU of Ci/anic Ether, CnPNO.HCl. - Obtained by pa-aamR dry hydro- 
cliloric acid gas into cyanic ether, or by the action of that gas on dictliyl-carbamide : 
C»n'WO + 2HC1 = C>ieNO.HCl + C^H'NHCl 


Dinthyl- 

carbamide. 


liydrocblorate of 
cyanic ether. 


Hydrnchlorate 
ol ethylamlne. 


It 18 like'iwse the <jhief product of the action of chlorine on ethyl-carbamide. It U a 
liquid which has a pungent tear-exciting odour, boils at 95° C\, and is immediately 
decomposed by water, yielding carbonic anhydride and hydrochlorate of etbylamine. 
(Habich and Limpricht, Ann. Ch. Piiarm. cv. 396.) 

OlSlT/' N.Cb.CH*. (Wurt^. toc.ciL)-- 

Obtained by heating 2 pts. of crystaUised and weU dried methyl-sidphate of poUssiiuu 
with 1 pt. of cyanate of potassium, collecting the distillate in a well cooled wceiver, 
and rectifpng to separate the cyanate of methyl from the much less volatile cyanu- 
rate formed at the same time. It is a very volatile liquid, boiling at 90° C and emit- 
ting highly pungent choking vapours. When sealed up in a tulS, it changes in a fe^ 
weeks, and often indeed in a few hours, into crystallised cyanurate of methyl. Its re 
actions with potash, ammonia, water, &c., are analogous to those of cyanate of ethyl 

=■ CN.C'W.O, is obtained, together with othe. 
IT” o * pbosphone anhydride on dinaphthyUarbamide. (V. Hall 

XTOC. Koy. iSoc. IX. 366.) f \ 

Cyanatt of Phenyl, Anaocyanic Acid, Carbaml, Anilcarbamide, Phenyl-earha- 
mide, C'H'NO - CN.C*H*0 X.Ctf.C'H*. — This compound, discovered by Hof 
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mann in (Ann. Ch. Pliarm. bair^ 9), was onginairy obtained by the dry 
?*taiation of melanoximide (C'*H"N*0=X This substance, when heated, suffers a very 
nlicated decomposition, giving off large quantities of carbonic oxide and a small 
^^antity of carbonic anhydride, and yielding a distillate of cyanate of phenyl mixed 
^'’th diphenyl-carbamide (see IMelanoximidb). The latter crj'stallisi's out as the 
a/stillate cools, and on filtering the liquid and rectifying in a perfectly dry apparatus, 
the cyanate of phenyl is obtained pure. Cyanate of phenyl is also produced in small 
onantity by the dry distillation of melaniline (Hofmann, loe. ciL) More recently 
Ilofmann has found that it may be obtained by the action of phosphoric anhydride, 
chloride of zinc, or strong hydrochloric acid, on diphenyl-carbamxde, the substance then 
splitting up into phenylamine and cyanate of phenyl : 

N^.c6.(C"IH)*.H^ - + n.c6.c»h». 

Diphenyl -CM rbtt- Plienylatnine. Cyanate of 
inide. phenyl. 

the decomposition being precisely analogous to that of carbamide (urea) into ammonia 
and cyanic acid. As diphenyl-carlmmide is difficult to prepare, it may bo replaced for 

this purpose by diphonyl-oxamide, N.C*0® (C*IP)^H* which, under the influence of 
phosphoric anhydride, splits up into carbonic oxide and diplienyl-caibamide. (Hof- 
intinn, Proc. lioy. Soc. ix. 274.) 

Cyanate of phenyl is a tliin, transparent, colourless, strongly refracting liquid, 
heavier than water, and boiling between 1 78^ and 180° C. Its vapour lias an extremely 
powciful odour of cyanogen, hydrocyanic acid, and phenylamine together, exciting a 
cojiioua flow of tears, and producing a feeling of suffocation when inhaled. 

In contact with acids or alkalis, cyanate of phenyl tjikes up 1 at. water, and is re- 
solved into phenylamine and carbonic anhydride: 

Cai^NO 4- IPO = enPN + CO*. 

With strong aulphurio acid^ the products aro carbonic anhydride and phenyl-snlphamio 
acid : 

C’H^NO + H*SO' « CO* + C^H'NSO*. 


With water, cyanate of phenyl yields carbonic anhydride and diphenyl-carbamide : 
2(N.€'b.€«H*) + H*0 CO* + N*.CC).(C«IP)* H*. 

Cyanate of plienyl. Diphonyl-carbamide. 

With ammonia, it evolves great heat, and immediately solidifies in the form of phenyl- 
Ciirbamido : 

N.CO.CW + NH* = N*.CO.C«nMP. 


With phenylamine, it also becomes heated, and yields a solid mass of diphenyl-car- 
bamide : 

N.cb.c'^H* + N.c»H».n* = N*. cb.(c«n^)*.n*. 

Other organic bases, such as hcnzylamine, chinoUnc, cumenylamine, &c., likewise form 
witli cyanate of phenyl, solid products which appear to bo analogous to diphenyl-car- 
bauiicle. In contact with iriithy I phosphine, it is converted into solid cyaiiurate of 
phenyl. (Hofmann, Chem. Soc. Q-u. J. xiii. 322.) 

Cyanate of phenyl dissolves in r/icthylic, cihylic, amyUc, and phenylic alcohols, tlie 
liquid becoming hot, and depositing, after a while, splendid crystals, whicli melt at tiie 
beat of boiling water, are insoluble in water, but dissolve in all proportions in alcolnd 
and ether. The bodies thus obtained have not been analysed, but they appear to be 
tile phenyl-carbamates of methyl, ethyl, &c. (Hofmann.) 

Compounds of cyanogen (CN, or Cy), formed on the hydrogen-typ< 
II H, or more generally wHH, The following are examples : 


Cyanide of Hydrogen (Hydrocyanic acid) • . . . 

Cyanide of Potassium. ••••••• 

Cyanide of Ethyl 

Cyanide of Mercury 

Cyanide of Zinc and Potassium 

Cyanide of Ferricum (Ferric cyanide) * . . . 

Cyanide of Potassium and Ferrosum (Ferrocyanide of [ 

Potassium) . . ^ 

Cyanide of Potassium and Ferricum (Fcrricyanide of ^ 

Potassium) . 

Cyanide of Potassium and Cobalticum (Cobalticyanide of [ 
Potaasium) 


H.Cy 

KCy 

C*ll\Cy 

Hg'Cy* 

(Fe»)''Cy« 


(Co*)' 
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Cjranldes* MetalUo^ l^eso compounds are not found in nature ready formed, 
but are produced in numerous processes : 

1. A few metals, potassium among the number, are converted into cyanides when 
heated in cyanogen gas or vapour of hydrocyanic acid, in the latter case with separation 
of hydrogen. — 2. Cyanogen gas, passed over the heated hydrates or carbonates of the 
alkali-metals, forms a mixture of cyanide and cyanate of the metal ; it acts in the same 
manner on solutions of the fixed alkalis, excepting that a brown substance like para- 
cyanogen is also formed. — 3. When nitrogen gas is passed over a mixture of charcoal 
and hydrate or carbonate of potassium at a bright red heat, cyanide of potassium is 
formed (Fownes, J. pr. Chem. xxvi. 412; Wohler, Jahresber. f. Cljem. 1850, 
p. 660; Rieckhen, Ann. Ch. Pharm. Ixxix. 77; Delbriick, ihid. Ixiv. 296.^ 
Bunsen, Reports of the British Association, 1845, p. 186). Cyanide of potassium also 
exudes from blast-furnaces in which iron-ores are smelted with charcoal. — 4. Cyanides 
are formed abundantly when nitrogenous organic compounds, or the nitrogenous char- 
coal obtained from them, are ignited witli fixed alkalis. This is the principal method 
by which cyanides are prepared on thti largo scale, €,cf, ferrocyanide of potassium, 
by fusing carbonate of potassium with iron filings and waste animal matter. The 
same reaction is used for the detection of nitrogen in organic compounds (i. 226). 

6. Cyanides are also formed by igniting nitrates or nitrites with organic substances, 
either nitrogenous or non-nitrogonous: thus, nitre, fused with excess of tartrate or 
acetate of potassium, yields a considerable quantity of cyanide. — 6. Cyanide of am- 
monium is formed when a mixture of ammonia-gas and carbonic oxide is passed 
through a red-hot tube ; 

2Nn* + CO - CN.NH' + ; 

also when ammonia-gas is piissed over organic bodies, charcoal, or even graphite, at a 
red heat, the reaction being attended with elimination of hydrogen : 

2NH» + C = CN.NH* + 
or sometimes according to Kulilmann, of marsh-gas : 

4NIP + 3C - 2(CN.NII<) + CIP. 

7. Cyanides arc formed one from the other by double decomposition. Hydrocyanic 
acid converts metallic oxides into cyanides, sometimes anhydrous, as in the case of 
silver, but more generally hydrated. To convert an aqueous alkali (which should bo 
free from carbonic acid) completely into cyanide, hydrocyanic acid must be added to it 
till it no longer precipitates sulphate of magnesium. Soluble cyanides treated with 
nitrate of silver yield a precipitate of cyanide of silver, and the precipitate, digested 
with the Hqueoms solution of an alkaline protosulphide, yields sulphide of silver and 
cyanide of the alkali-metal. 

Properties and Hcactiom. — The cyanides of the alkali-metals are easily soluble in 
water, but most cyanides of the heavy metals are insoluble ; cyanide of mercury, how- 
ever, is soluble. The c^^anides of the alkali-metals, cyanide of mercury, and many 
double cyanides containing it, are soluble in alcohol. None of the metallic cyanidi'S 
are soluble in ether. 

Some cyanides arc crystallisalde. Some are colourless, others exhibit various colours. 
The cyanides of the alkali-metals in the state of aqueous solution, exhibit a strong 
alkaline reaction, and have a bitter and alkaline taste ; the solution remains alkahno, 
even when mixed with a very large excess of hydrocyanic acid. 

Cyanide of ammonium, or hydrocyanate of ammonia, volatilises undecomposed when 
heated. The compounds of cyanogen wdth the alkali-metals sustain a red heat without 
decomposition, provided air and moisture be excluded. The cyanides of many of the 
heavy metals, e, g. lead, iron, cobalt, nickel, copper, &c., under these circumstances, 
give off all their nitrogen in the form of gas, and are converted into a compound or 
mixture of 1 at. metal and 1 at. carbon: CNM = CM + N. — Cyanide of mercury is re- 
solved into metallic mercury and cyanogen gas ; and cyanide of silver gives off half 
its cyanogen in the gaseous form, the other hjilf, perhaps converted into paracyanogen, 
remaining combined with the silver. 

All cyanides, when heated in the presence of water, are destroyed, those of the 
heavy metals generally giving off carbonic oxide, carbonic anhydride, and ammonia, 
and leaving the metal, together with a small quantity of charcoal. The cyanides of 
the alkali-metals are converted by continued boiling writh water into axnmoniacal gas 
and alkaline formates, e,g,\ 

CNK + 2H*0 = NH» + CHKO*. 

The (^’anides of some of the alkali-metals, e. g, cyanide of potassium, when heated 
in contact with the air, first take up 1 at oxygen, and are converted into cyanates 
(CNKO), and these, when further heated, give off nitrogen and half the carbonic 
anhydride formed, and are converted into alkaline carbonates. The cyanides of the 
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heavy metals take fire readily when heated, yielding nitrogen, carbonic anliydride, 
and metal or oxide. Cyanides detonate by percussion with chlorate of potassium. 
.^Johnston, Schw, J. Ivii. 379 .) 

‘ Chlorine gas decomposes many cyanides, converting them into chlorides, and liberat- 
ing cyanogen, chloride of cyanogen, either fixed or volatile, and a yellow oil, the pro- 
ducts vHiying according to the presence or absence of light and water, the nature of 
the cyanide, and the proportion of chlomic present : e. q, 

Hg"Cy^ + Cl- = Hg'Cl* + 2CyCl. 

Chlorine, gradually introduced, converts cyanide of lead or cyanide of silver into 
metallic chloride and free cyanogen, which does not take up any clilorine till all 
cyanide is decomposed (Liebig, Pogg. Ann. xv. 671 ). Aqueous chloride of lime acts 
upon cyanide of silver with violent etfervesccnce, evolving carbonic acid and nitrogen, 
together with a small quantity of cyanogen ; but no cyanic acid is formed (LiobTg). 
Imline forms metallic iodide and cyanogen, or iodide of cyanogen. It decomposes the 
cyanides of the alkali-metals in the state of aqueous solution, also cyanide of silver or 
cyanido of copper ‘ dissolved in aqueous cyanide of potassium, forming a metallio 
io-lidc and liberating cyanogen (G-erdy, Compt. rend. xvi. 25 ; also J. pr. Chem. 
xxix. 181 ). With boiling aqueous cyanide of pot.a.ssiiim, it forms iodide of potassium 
and iodide of cyanogen (Liebig, Ann. Ch. Pharm. 1 . 335). It decomposes cL^ 
cyanido of mercury, forming iodide of mercury and iodide of cyanogen. 

Strong nitric acid decompose.s all metallic cyanides, witli evolution of cjirbonic acid, 
nitrogen, &:c. Excess of strong sulphuric acid decomposes metallic cyanides at high 
temperatures, forming a sulphate of the metal, acid sulphate of ammonium, and carbonic 
oxide (Fownes) : 

2 CNM + 3 H-S 0 * + 2irO =» M»SO* + 2(NII'.n.S0‘) + 2CO. 

Most cyanides, when treated with dilute acids, give off their cyanogen in the form 
"f hydrocyanic acid : c. y. 

KCy + HCl = KCl + HCy. 

The cyanides of tbo alkali-metals, which, in the state of aqueous solution, may 
also be regarded as hydrocyan a tes, are decomposed by the weakest acids, even by 
carbonic acid; hence then* solution, if it does not contain oxce.Ks of alkali, gives off 
hydmcyanic acid on exposure to tlie air, that acid being gradually expelled by the car- 
bonic acid of the air. On the other hand, it is only the alkaline sulphydrutes and soat>- 
solutions that are deeomjiosed by hydrocyanic acid. (Scheele.) 

I he compounds of cyanogen with tlie heavy metahs are of a more intimate nature, 
as the cyanides of zinc and lead, give off hydrocyanic acid when treated with 
(lilute solutions of the stronger mineral acids, such as sulphuric acid ; others, as the 
cyamdea of mercury and silver, are not decomposed, even by the strongest oxyg'en-acids, 
111 the stote of aqueous solution; but hjulrogen-acids, .such as hydrochloric and sulphy- 
dne acid, decompose them ; others again, as protocyanide of gold and protoeyanide of 
non, withstand tlie action of dilute sulphuric, hydrochloric, or nitric acid, even at a 
boiling heat. 

Irom the solutions of the alkaline cyanides, many heavy metallic oxides separate 
part ot the alkali-metal, in the form of oxide, which remains dissolved, forming at the 
ofTh* dkaU cyanide, or a comxiound of that cyanide with the cyanide 


2KC7 + + H *0 r=: ITg'Cy* + 2KHO. 

Tim cyanides of some metals form crystallisable compounds with the oxides of the 
and various metallic iodides, bromides, and chlorides; also with nitrates 

have a strong tendency to unite with one another, 
to compounds, called Cyanogen-salts, or Ihuhlc Cyanides (analogous 

brornides, and chlorides), e.g. cyanide of nickel and potassium, 
(See Table p T97 ferrocyanide of potassium, 4 KCy.Fo"Cy* «= K^Eo"'Cy*. 

numerous of these double salts are the compounds of the alkaline cyanides 
aro fr. of ammonium, NH^Cy), Avith the cyanides of the heavy metals ; they 

are fomed and prepared as follows; J ^ J 

saturating the aqueous solution of the cyanide of an alkali-metal with a heavy 
in tiifl n ^ latter be soluble in water, adding it to the alkaline cyanide 

of thp determined by calculation. — 2. By saturating the aqueous solution 

the with a heavy metallic oxide or hydrate. In this case, pari of 

■oluti separated in the form of hydrate, which remains mixed with the 

on, and the heavy metal passes over to the cyanogen-compound; 

6KCy -h Fo'TI^'O* - K^Fe"Cy« + 2KHO. 
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8. By digesting a heavy metallic cyanide with an aquecms alkali. In this on the 
contrary, part of the heavy metal is separated in the form of hydrate : 

SFo'Cy*-* + 4KIIO = KnVCy® + 2¥e"H20*. 

4 . By adding aqiieotia hydrocyanic acid to a mixture, in equivalent proportions, of a 
heavy metallic oxide or its carbonate, and a caustic or carbonated alkali, till the acid 
retains its odour even after long agitation at a gentle heat. lu this caee, the hydro- 
cyanic acid drives out all the carbonic acid that may be present, and the heavy 
metallic oxide is dissolved. — 5. By saturating with caustic potash or carbonate of 
potassium, the acid conjpounds which liydrocyanic acid forms with certain heavy 
metallic cyanides. — 6. Platinocyaiiides may bo formed by fusing platinum with 
cyanide of potas-sium. In this case, part of the cyanide of potassium is decomposed, 
yielding cyanide of jdatinum and free potassium (which oxidises to potash), while the 
undccomposed portion of the cyanide of potassium unites with the cyanide of platinum 
formed. 

The proportions in which the heavy metallic cyanides may thus be made to unite 
with the cyanide of an alkali-mctal, e.g, with cyanide of potassium, may be illustr.ited 
by the following examples : 


Potassio-aurous cyanide 
Potassio-auric „ 

Potassio-ferroufl „ 

Potassio-zincic „ 

Potassio-cuprous „ 

» ij *» 

Potassio-ferric „ 


KCy.AuCy 

KCy.Au"'Cy» 

4KCy.Fe''Cy* 

2KCy.Zn"Cy 

6KCy.(Cu-y'Cy2 

2K.Cy.(Cu^)"Cy‘-» 

6KCy.(lV)’‘Cy® 


KAuCy* 

KAu'Vy* 

K‘Fe"Cy« 

K“Zn''Cy* 

K«(Cu2)"Cy“ 

K‘'(Cu*)"Cy< 

K«(Fo2)^*Cy” 


Almost all these double cyanides are cryst alii sable and soluble in water. Towards 
vegetable colours tliey arcs ncmtnil or slightly alkaline, whereas tlie pure cyanides of 
the alkali-metals have a strong alkaline reaction; tlie double cyanides likewise emit 
little or no odour of hydrocyanic acid. They are also much less easily dc‘Compoi^ible 
than the pure cyanides of the alkali -metals. 

Both the metallic cyanidejs contained in tliese compounds behave, when ignited in a 
close vessel, just in the same manner as when they are ignited separately. Thus, in 
forrocyanide of potassium, 4KCy.FeCy'-*, the cyanide of potassium remains undccoru* 
posed, while the cyanide of iron is resolved into nitrogen and carbide of iron. 

By acidjs the double cyanides are decomposed "svith various degrees of facility. The 
alkali-metal is always easily withdrawn, and its place supplied by the hydrogen of the 
acid. With many double cyanides, however, this change takes place without any 
alteration of structure in the molecule, thus : 


K*FeCy« + 4HC1 H^FeCy® -h 4KC1. 

Ferrocynnldo Ferrocyanide 

01 potassium. ol' hydrogen. 


In other cases, only the alkaline cyanide is decomposed, with evolution of hydrocyanic 
acid, while the heavy metallic cyanide separates out ; e. g, 

KAgCy* + HNO* = AgCy -h HCy + KNO*. 

KAgCy* + UCl =* AgCy + HCy -h KCl. 

If the separated cyanide is likewise decomposible by the acid used, an excess of the acid 
actually produces this decomposition, eliminating the whole of the cyanogen as 
hydrocyanic acid ; 

KAgCy* -h 2HC1 « 2HCy + AgCl + KCl. 

K*Zn"Cy< + 2H2SO* « 4lICy + Zn"SO< + K*SO«. 


In other cases, the excess of the acid produces no further decomposition, as when 
^anide of silver and potassium is acted upon by nitric acid : 

KAgCy’ + 2fiNO» « AgCy + HCy + KNO» + HNO», 

Sulphydric acid precipitates the heavy metal, in the form of sulphide, from the dis- 
•olved compounds of the alkaline with the heavy cyanides, sometimes easily, as with 
tadmium, mercury, and silver ; sometimes not at all, or but ^owly and pairtialiy, as with 
aino, iron, cobalt, nickel, and copper. 
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■\VTien the solution of such a compound of a cyanide of an alkali-metal with the 
YQiiide of a hoa^7 metal» is mixed with the salts of other hea^y metals, precipitates 
Se formed, exhibiting strong and varied colours, and generally consisting of com- 
f) 0 unds of tiie heavy cyanide already prcsmit, with another heavy cyanide formed by 
doul'lc decomposition between tho cyanide of the alkali-metal and the salt of the 
iie;ivy metal which has been added. Thus, ferrocyanide of potassium forms with sul- 
phate of coi)per a red precipitate of ferrocyanide of copper : 

K*FeCy* + 2C^iSO* == Cu^FeCy* + 2K*S0‘. 

Put these precipitates often retain part of the original cyanogen-salt in a state of iiiti- 
in:tte combination, so that in many cases it cannot be completely extracted even by 
boiling \Yater. 

On account of the dilfercnt behaviour of the several double cyanides with acids, it is 
usual to divide them into two classes. 1. The easili/ decomposiUe double cj/anides, which 
give off hydrocyanic acid when treated with a stronger acid, even in the cold. Tliese 
lire reg.'irdcd as true double salts, that is to say, as compounds formed by the addition 
oftwo simple cyanides, c. g. cyanide of nickel and potassium, KCy.NiCy.— 2. The hsa 
(tislh/ dmunposihh: double cganidcs, which, when treated witli acnls, do not evolve hy- 
drocyanic acid, but merely exchange their alkali-metal with the hydrogen of tho acid, 
HS is the ease with the double cyanides ol iron, chromium, cobalt, and manganese. In 
tliese compounds, tlie cyanogen is usually supposed to be mens intimately combined 
witli the heavy' metal, forming a compound radicle, which, like chlorine or cyanogen 
it.sclf, can unite with metals, forming suits which are decoiuposed by acids, and yield the 
liydrogeu-salt of the same coin[»oimd radicle. Thus, the yellow cyanide of iron (fer- 
r(isurn) and potassium, K^FeCy®, is regarded as tho potassium-salt of tho radicle 
ferm'yanoijeny Fe( ’y® ~ FcC®N®, usually denoted by Cfy : hence it is called ferro^ 
etjanide oj potassium. In like manner, the red cyanide of iron (ferricum) and 
pi)tiissium, C'^N’-TVK® = K^FcV-^Cy'^^ may bo regarded as /cm- or ferrid-opanide of 
potnssium, K®.Fo‘Cy'^ cir K®.Ci'dy, a comjwund of pobxssium with ferri- or ferrid- 
cyanogen^ Fo'Cy*"’. Similar compound radicles are supposed to exist in the double 
cyanides of chromium, cobalt, and manganese. 

This view of the composition of the second class of double cyanides is convenient, 
wlicn a particulnr class of reactions is under consideration, viz. tho intei’change of 
the alkali-inftal of tho double cyanide for hydrogen, or for a heavy metal ; but it is 
by no means necessary to regard them in this way; in fact, the behaviour of a double 
cyanide with acids aj (pears to depend ratlier upon tlie peculiar nature of tho heavy 
natal contained in it than on any particular molecular arrangement. The first stage 
of the (lecomposithm is the same in all cases, the alkali-metal being replaced by hy- 
drogen; but the hydrocyanic acid thus formed remains, in some cases, combined with 
the heavy metallic cyanide, w'hile in others it separates : 

K^Ni'Cy + 2HM()» = Nrcy* + 2nCy + 2KN()® 

K^Fe"Cy® + 4HC1 =» Fe'Xy -h 4n( ’y + 4KC1. 

V ^ J 

If now we turn our attention to the reactions which take place when these double 
cyanides are decomposed by nvetallic salts, instead of by the corresponding acids (hy- 
drogen-salts), e. (f. 

K^FeCy® + 2CuSO* = Cu*F(iCy« + 

K'^NiCy^ -I- CuSO® = CuNiCy* + K*SO< 

K*CdCy® + Pb(C"H*0»)* ^ PbCdCy® + 2(K.C'H*0*). 

we find that the combination or separation of the resulting cyanides is not determined 
by the constitution of the original double cyanide, since the components of the same 
double cyanide (cyanide of nickel and potassium for example), may separate when the 
alkali-mctal is replaced by hydrogen, whereas, when it is replaced by a metal, the re- 
sulting cyanides remain united. 

Neither can any difference of constitution in the two classes of double cyanides be 
inferred from the fact that* some of these compounds containing two heavy metals, 
the cyanide of nickel and copper, for example, are decomposed by acids, whereas 
others, as the cyanide of iron and copper, are not, this difference being due rather to 
the different nature of the metals present. Prussian blue, which is a ferrocyanide of 
iron, Fe*Cy>», or (Po")*(Fo®)*“Cy*", produced by the action of ferrocyanide of potassi um 
chloride, is not at all attacked by dilute acids, wheretis, if one portion 
of the iron elated within the radicle and the rest without, the latter portion might be 
®*pected to dissolve in acids while the former remained. ^ likewise with the different 
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behaTiour of double cvHnides with sulphydric acid ; it is the nature of the heavy mctu] 
-tlmt determines whether decomposition sludl take place or not, rather than any pecu- 
Harity of molecular constitution; thus, cadmium, mercury, and silver are easily pr^i. 
pitat^ by sulphydric acid from solutions of their double cyanides ; nickel, copper, zinc, 
and manganese slowly and very imperfectly ; iron and cobalt not at aU. ^ 

With alkalis, the various double cyanides exhibit, for the most part, simu^ reac- 
tions. Those which contain alkali-metals arc not decomposed at all by alka^, even 
at the boiling heat. Those which contain only heavy metals, fcrrocyanide of copper 
and the prussian bines for example, are decomposed m such a manner that part of the 
heavy metal is replaced by an alkali, so that a soluble double cyanide is formed, and 
a metallic oxide separated; h\it these decompositions often take place in such a 
manner as to show that no particular part of the metal is more intimately com- 
binod with the cyanogen tlian the re.st; thus ferricyanide of iron (Turnbull’s blue). 
Fe*Cy’*, or (F 0 ")’(Fo 2 )»‘Cy'*, yields with poUsh, not ferricyanide of potassium and 
ferrous oxide, but ferrocyanide of potassium and terroso-ferric oxide. 

Mermrio oxide and mercuric sulphate decompose all double cyanides, except the 
platinocyanide.s ; thus, ferrocyanide of potassium and prussian blue are completely 
converted by them into cyanide of mercury, with formation of oxides or sulphates of 
iron. 

All cyanides which give off prussic acid when treated with dilute acids, such as 
cyanide of potassium, cyanide of nickel and potassium, &c., are poisonous, like prussic 
acid itself, wliereas the more stable cyanides, like ferrocyanide of potassium, are not at 
all poisonous. 

Cyanides of Aloobol-radlclea. Cyanhydric or Bydrooyanic KtJters, These 
compounds may be regarded either as analogous in composition to the metallic cyanides 
(ie. as hydrocyanic acid having its hydrogen replaced by an alcohol -radicle), or as the 
nitriles of acid-radicles containing 1 at. carbon more than the alcohol-radicle in com 
bination with the cyanogen : thus, 

Cyanides containing the AlcohoUradiclcs, 


Cyanide of Methyl, or Acetonitrile . . . = CH*.Cy. 

Cyanide of Trichloromethyl, or Cliloraceto- 

nitrilo C*CPN := CCF.Cy. 

Cyanide of Ethyl, or Propionitrilo . . . C*IPN = C*H».Cy, 

Cyanide of Tetryl, or Valeronitrilo . . , OWN C^H®.Cy. 

Cyanide of Amyl, or Capronitrilo . • . C®H"N = C^II*hCy, 

&c. &c. 


Cyanides containing the AlcohoUradicles, C"!!*®— 

Cyanide of Phenyl, or Penzonitrile . , C'H*N = C®H*.Cy. 

Cyanide of Nitrophenyl, or Kitro-benzonitrile C'H'N’-'O* =» C®H*(NO*)Cy. 

Cyanide of Benzyl = C'H^Cy. 

Cyanide of Cumcnyl, or Cumonitrile , , C*®II"N — (PH'hCy. 

The (^anides of the alcohol-radicles are obtained: 1. By distilling a mixture of 
cyanide of potassium with an ethyl-sulphate (or homologous salt), e,g, 

KCy + C2H».KSO< « K*SO® + C^H*. Cy. 

2. By the action of heat or of phosphoric anhydride on the ammonium-salts of the 
corresponding acids containing the radicles C"iI"“--*0, or ; thus. 

C2H»0(Nn<)0 - 2H*0=. C*H®N. 

Acetate of Cyanide of 

ammonium. methyl. 

CW0(NH^)0 -2H20 = C^H»N. 

Benzoate of Cyanide of 

ammonium. phenyl. 

This last reaction gives the moans of obtaining cyanides coiresponding to alcohols 
which have not yet been formed. ® 

The alcoholic cyanides arc for the most part volatile liquids, having an odour some- 
what like tlmt of prussic acid. When treated with strong acids or alkalis, they take 
up water, and reproduce the ammonia-salts from which they may be formed. This action 
IS walogow to that of cyanide of hydrogen (prussic acid), which, under the influence of 
acids or alkalis, vields ammonia and formic acid (CHN + 2H®0 « NH* -f CH*0*). 
Infi^, cyanide of hy^gen (or formonitrile, CH.N) may be regarded as the lowest term 
or the senes of homologous alcoholic cyanides 
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Cyanides of Acid Orfrnnlo RaAicles* Two only of these compounds are 
known, viz. the (yanides of benzoyl, C’H*0, and cinnamyl, C»H"0. They are obtained 
by distilling the chlorides of the corresponding acid radicles with metallic cyanides. 
Their reactions are analogous to those of the corresponding chlorides. 

CTANZOS or AUTXi. C<H*N = C»H».Cy. (Lieko, Ann. Ch. Pharm, cxii. 
31 ( 5 ,)_- 01 >tained by heating equivalent quantities of cyanide of silver and iodide of 
ally], and warming the resulting viscid oil with alcohol or ether, or distilling it with 
water. The product is a limpid mobile liquid, having a disagreeable pungent odour. 
Specific gravity = 0794 at 17° C. Boils between 96° and 106° C. Somewhat solu- 
ble in water, miscible in all proportions with alcohol and ether. 

CYANIBB or AliUmiWITOI does not appear to exist in the separate state, 
llydrate of alumina does not dissolve in prussic acid, and when cyanide of potassium 
is added to an aluminium -salt, hydrate of alumina is precipitated free from prussic acid. 
A tVrrocyanido of aluminium has, however, been obtained. (See Cyanides of Ieon.) 

CTAVrZBS or AUKMOMTOIII. Hydrocyanate of ammonia. CN'-^n^ = NH^Cy 
= NHMICy.— Ammonia-gas and vapour of hydrocyanic acid unite in equal volumes, 
without condensation, and produce thi.s salt. It is likewise formed, as already observed 
(p. 108), when amnioiiia-gas is passed tlirough a red-hot tube together w^ith carbonic 
oxide, or over ignited carbonaceous matter; also when charcoal in excess is ignited in 
a retort with sal-amrrioniac and lime, or litharge. Lastly, it is sometimes formed by 
tlio act ion of nitric acid, nitrous acid, or nitric oxide, on organic bodies. 

Tlie dry salt may be prepared by heating in the water-bath 3 pts. ferrocyanido of 
pofHSsium with 2 pts. sal-ammoniac, the materials being perfectly dry, and condensing 
the product in a receiver surroimded with ice and salt. Cyanide of mercury or cyanido 
(.)f potasHiiim may also be used instead of the ferrocyanide. Langlois prepares the salt 
liy parsing dry ammonia-gas over dry charcoal heated to redness in a porcelain tube. 

‘ ('yjmide of ammonium crystalli.ses in colourless cubes, often grouped like fern-leaves, 
very soluble in water and alcohol. It has a strong pungent odour of ammonia and 
prussic acid together. It boils at 36^^ C. The vapour is very inflammable and burns 
with a bluish flame, depositing carbonate of ammonia. The density of the vapour is 
anonudous, the molecule NIT=*.TTCy occupying four volumes instead of tw^o. But as 
liydrocyiinie acid uiiitc.s directly with ammonia, wo may suppose that the vapour of 
cviiiilile of ammonium is a mixture of these two bodies (the molecule of each occupying 
t\C'> volumes), and that the salt exists only' in the solid form, being decomposed at its 
l.itiilinpr point, 

( b iinido of ummonium is very instable, and graduHlly changes into a brown substance, 
a -/if, If (c arid (i. 480). Chlorino and bromine decompose it, forming chloride or bromide 
of fyjniogon. 

(Cyanide of ammonium is highly poisonous, and yet ammonia is generally said to act 
as an antidote to prussic acid ; according to Langlois, the beneficial action is due to 
the .sfimulating properties of the ammonia. 

CTA»riBZ2 OP AUCYX.. CaproniMlr. C*II"N = Cni»>.Cy. (Balard, Ann. Ch. 
Phy.s. j,'}] xn. 294. — Frankland and Kolbe, Ann. Ch. Pharm. Ixv. 288. — Brazier 
and Oossleth, ibid, Ixxv. 251. — Mcdlock, ibid. Ixix. 229.) — This compound is 
olitaiiied by distilling equivalent quantities of amylsulphate and cyanide of potassium ; 
also by the action of cyanide of potassium on chloride or oxalate of amyl. It is a veuy 
Biohile oil, of specific gravity 0*8061 at 20° C., and vapour-density 3*335 (2 Tol.), 
iloils lA, 146° C, ; is less soluble in water than cyanide of ethyl, and dissolves in alcohol 
in all proportions. Boiling potash convert-s it into ammonia and caproate of potassium: 

C«H>'N + KIIO -f H=^0 = NH» + C«H"KO». 


Potassium decomposes it, with evolutien of gas .and formation of an alkaloid resembling 
cyaiietliine. 



. . . , by adding prussic acid to baryta- water till it no longer 

p ecipitates chloride of magnesium (Ittner). Margucritte and De Sourdeval 
t ompt. rend. L 1 100) prepare it on the large scale bypassing air over an ignited mixture 
barium and finely divided carbon : the formation of the cyanide is said to 
g^*eat facility. It is very soluble in water (F. and E. Kodgers), 
paringly (Schulz, J, pp. Chem. Ixviii. 267), moderately soluble in alcohol, easily 
u carbonic acid. Heated to 300° C. in a stream of aqueous vapour, it 
Sou* d nitrogen in theibrm of ammonia. (Margueritte and Do 


CTAjmm or ramon. 


C*H*O.CN, Already described (i. 508), 
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CTAinOB or BBWnrii. Cyanide of Tolyl or Toluenyl. C*H'N = C’H'.CIf. 
(See i. 673.) 

CTAXrXBfi OF BXSMtJTH has not been obtained. Alkaline cyanides added to 
bismuth-saite throw down only oxide of bismuth. (Ilaidlen and Eresenius.) 

CTAXrXBa OF BITTY*- See Cyanide of Tetryl. 

CYAKZBB OF CACOBT*. (i. 406.) 

OF CABMIOM. Cd"Cy-'. Obtained in white anhydrous crystals hy 
dissolving recently precipitated hydrate of cadmium, at a gentle heat, in hydrocyanic 
acid It is permanent in the air. According to Kammclsbcrg, cadmium-salts are not 
i)recipiUted by alkaline cyanides. According to L. Omelin, on the contrary {Handb. 
vii. 426\ sulphate of cadmium forms with cyanide of potassium a white precipitate, 
soluble in excess of the (Cyanide, - a result confirmed by the observations of Witts tein, 
of Haidlen and Eresenius, and of Schiiier. (Ann. Ch. Pharm. Ixxxvii. 34.) 

Cyanides of Copper and Cadmium.— a. 2C<i''iy.(Cu‘-)' Cy=* ^ (C<l*7'‘(Cu*)"Cy».- 
Kecently precipitated cadmic hydrate dissolves very slowly in excess of hydrocyanic 
acid, but quickly, and with evolution of carbonic acid and cyanogen, on the addition 
of recently precipitated cupric carbonate. If the addition of the latter substance be 
discontinued before the oxide of cadmium is completely dissolved, there remains a 
lavender-blue residue, wliich dissolves partially in boiling water (leaving pure oxide 
of cadmium) and forms a liquid, which soon becomes turbid and deposits a viscid 
milky substance, becomiug crystallino as it cools, and apparently consisting of a mix- 
ture of two different salta. But if the addition of carbonate of copper be continued 
till the cadmic oxide is completely di88alv<‘d, a liquid is obtained which is colourless at 
first, but afterwards assumes a purple-red colour, gradually in the cold, more quickly 
at 20° to 20® C., and after being concentrated at 100®, soon deposits crysUils of a 
dingy brown-rod colour. Tho latter compound is sparingly soluble in cold water. 
From tho solution in a small quantity of boiling water, it sepirates in the form of a 
red t^snacious ma^s, which gradually solidifies t-o a net- work of crystals; but when 
rocrystallised frtnn a largo quantity of boiling water, it forms shining, rose-coloured, 
oblique rhombic prisms, which are permanent in the air, and are not decomposed at 
160®, but at higher temperatures become opaque, fuse, and quickly decompose. 
(Schuler, Ann. Oh. Pharm. Ixxxvii. 48.) 

h, 2Cd"0y* Cii"Cy2 = (Cd")‘‘'’CirOy®. — When cadmic hydrate and cupric hydmte are 
dissolved together in hydrocyanic acid, and the colourless solution is left to evaporate 
in tho air, c«ilourlobs, shining, oblique, rhombic prisms are obtained, which at 100® C. 
give off 18'4 per cent, of thoir weight, and crumble to a fine mealy powder. Tho salt 
is readily decomposed by acids. Both this and the preceding have a decided alkaline 
reaction and a peculiar metallic taste, leaving an irritating sensation in tho throat. 
(Schiile r.) 

Cyanide of cadmium forms several other double salts : 

ferrous salt is a yellow precipitate, obtained by mixing ferrous sulphate with 
cyanide of cadmium and potassium. It turns green when exposed to the air. The 
lead-sale Cd"Pb*Cy® = Cd"Cy^2Pb"Cy*, is a white precipitate, obtained in like manner 
with acetate of lead and the p»)tassium-Balt. It is decomposed by washing. The 
^iiercury-salt , Od”Cy*.311g^'Cy’*, obtained by dissolving cadmic hydrate and mercuric 
oxide in hydrocyanic acid, forms white, opaque, rectangular prisms, easily soluble in 
water and permanent in the air (Schiiier). The nickel-salt is a white precipitate, 
soluble in excess of cy^anido of cadmium and potassium, insoluble in acids. Tho 
potassium-salt^ i'd"K^Cye is obtained in shining regular octahedrons, anhydrous and 
ju'rmancnt in tho air, by evaporating a mixture of acetate of cadmium and cyanide of 
potassium. Weak acids separate prussic acid from it. Sulphydric acid precipitates 
nil the cadmium. The silucr-sa/t is a white precipitate, likewise soluble in excess of 
cyanide of cadmium and potassium. 


Obtained in aqueous solution by saturating 
aqueous prussic acid with slaked lime, filtering, and adding more prussic acid to the 
filtrate till It no longer precipitates magnosium-salts. It is decomposed by boiling, 
also by carbonic acid, C. Schulz prepares it in the same manner as the barium-salt, 
and finds tfiat it crystallises in cubes. 

CYAirXBB OF CBBZVM. Cyanide of potassium forma with cerous salts, » 
wlute ^mmy precipitate winch, however, quickly gives off hydrocyanic acid, and is 
converted into cerous hydrate. (Berenger, Ann. Ch. Pharm. xlii, 139.) 

CYABrZBB OF CBTYXi. C'«H»Cy. (Sec i. 840.) 

OF CBBOMIOM. Chromotts Cyanide^ CE'Cy*. is obtainod on 
mixing a solution ol chromous chloride in boiled water with u solution of evanid© of 
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potnoyfum, a* H wWte precipitate, soluble in excess of the alkaline cyanide ; hut it 
oxidises very quickly during washing, and is converted into a mixture of cliromic 
cyanide and chromic oxide. 

Chromic Cyanide, (Cr*)^'Cy®. is precipitated on mixing a chromic salt with cyanide 
of potassium. If sd aqueous solution of chromic chloride be added to a solution of 
r\ ;n)i<le of i:)otassium, a liglit bluish grey precipitate is formed, insoluble in excess of 
tiic alkaline cyanide; but when the latter is added, drop by drop, to a solution of 
(lironiic oljloride, tlio tirst portions of the precipitate rcdissolve iu excess of tho 
.■iiroinic salt; an excess of cyanide of potassium renders the precipitate poi*sistent in 
the cold, but soluble on heating; and to render the precipitate quite permanent, a still 
larger quantity of cyanide of potassium must be added. 

AVIien a mixture of chromic hydrate, potash, and hydrocyanic acid is exposed to the 
air, it turns l)rown and yields crystals of a double cyanide of chromium and potassium, 
analogous in composition to ferricyauide of potassium, and capable of forming l>y 
doul.lc de(rom posit ion salts of corresponding constitution, called chromi cyanides. 

Chroniicyanide of Cobalt is a blue precipitate. 

ChromiGyanulc of Hydrogm, or Hydrochromicyanic acid, GlTCy.Cr^Cy®, is obtained 
in crvittals by decomposing the silver-salt suspended in water with sulphydric acid, 
and evaporating the filtrate in vacuo. 

Chromicyayiidr of Lead is a white precipitate while moist, greyish when dry. 

Chroniicyanide of Potassmm., 6 KCy.Cr Cy®, forms crystals isomorphous wdth the 
fi'rricyanidc, and exhibiting the faces ooP . 4- P . — P . [Poo ]. The solution gives 
ji white precipitate with zinc~mlU, brick-red with ferrons salts, white with nitrate of 
£ih'> r ; it docs not precipitate nitrate of lead or ferric salts. 


cYANiBE OP czxnrAiMm.. c*®ir’No C"iPO.ny (i. 990). 


CYAVIOES OP COBAET. Protocy anidc of Cohalt, or Cohaltons 
C/ia nidc, is ol)taiued by adding cyanide of potassium to a cobaUous salt, as a tlcsh- 
(■.)ii>iir('d or light cinnamon-coloured precipitate. It dissolve's iu cxci-ss of the alkaline 
cyanide ; and the solution expo.sed to the air is converted into a double cyanide of 
«'nl.:i)t and potassium, analogous in cornposition to the ferncyanidoH, and yielding by 
(I' liliic (U'conqiosil ion a series of salts called Cobal ti cy a a ides, wdiose composition 

i.s exj^ressod by tho general formula 6 MCy.Co*Cy® = | Cy** ; if we suppose these 

salts to contain cohaliicum, co = § Co, the formula may be reduced to 2MCy.co"Cy =» 


The Sesqtdcyanide of Cobalt, supposed to exist in these salts, is not known in tho 
sej'arato state. 

Cohalt icyanide of Ammonium, (NH^)®Co*Cy’* + aq. = 6 NH‘'Cy.(/ 0 *Cy® aq., 
ol.taiiied by neutralising hydrocobalticyanic acid with ammonia, crystallises in rhombic 
tiibletB, very soluble in water, sparingly soluble in alcohol, and decomposing at 230® C. 

Cubalticyanide of Barium, Ba®Co=Cy** + 24 aq., obtained by dissolving carbonate of 
barium in bydrocobalti cyanic acid, crystallises in colourless prisms, very soluble in 
water, insoluble in alcohol, efflorescing in warm air, and more quickly at 100 ® C. 

Cobal ticyanide of Cadmium is obtained as a brown precipitate, which 
afterwards turns white. It is soluble in acids and in excess of cobal ticyanide of 
potassium. 


Cohalticyanide of Cohalt, Co*Cy** == 3CoCy*.Co*Cy", analogous in composition 
to Tumhuirs blue (see Cyanides of Iron), is proparetl as follows : 

1. Cobal ticyanide of potassium forms with sulphate of cobalt, a light red precipitate, 
whu'h may be completely freed from the potassium-salt by washing. The same 
l)r('cipitato is formed by adding hydrocobalticyanic acid to cobalt-salts. — 2. When 
liydrocobalticyanic acid in the dry state is heated with strong sulpburic acid, and 
vat(*r added before the decomposition is complete {vid. 'inf.\ cohalticyanide of cobalt is 
pri cipitated iu the form of a pale red amorphous body. The product obtained by (1) 
Contains 14 at. water, part of which it loses at 100® C,, turning blue at the same time, 
and the rest at a higher temperature. The product obtained by (2) contains only 
12 at. water ; when lieatcd it gives off water, and turn.s blue. Cohalticyanide of cobalt 
18 perfectly insoluble in water. Caustic potash decomi^oses it, separating hydrated 
protoxide of cobalt. Ammonia dissolves it partially, forming a reddish solution, and 
fi' l'iu'ijting a green powder. Mercuric oxide has no action upon it. The product (2) 

’ iRN the action even of strong nitric and hydrochloric acids; from (1), however, 
strong acids extract water and turn it blue. The anhydrous compound heis a deep 
blue colour ; in contact with moist air, it rapidly absorbs wat<>r and turns red ; when 
Water is poured upon it., combination takes place, attended with great evolutioii of 
h«at. (Zwenger, Ann, Cb. Pharm. Ixii. 172.) 
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Cohalticyanide of Copper, 3CuCy*.Co*Cy®. — The dense sky-blue precipitate 
which cohalticyanide of potassium forms with cupric salts ( G m e 1 i n). It is also formed 
by precipitating cupric salts with hydrocobaJticyauic acid. It is insoluble in water 
and in acids ; warm potash-ley separates cupric oxide from it ; ammonia dissolves it 
completely, forming a blue solution. (Zwenger, Ann. Ch. Pharm. Ixii. 170,) 

A?nmonio-codaliicyanide of Copper — Crystallises by slow evapjni- 

tion from the ammoniacal solution of cohalticyanide of copper, in small, shining, azure-" 
coloured, four-sided prisms, with octagonal summits; alcohol added to the anniio- 
niacal solution throws down tho compound as a blue, slightly ciystallino powder of 
much lighter colour. The crystals are insoluble in water ; when exposed to the air or 
heated to 100® C. they give off ammonia, become opaque, and assume a lighter colour 
Acids withdraw tho ammonia completely, leaving cohalticyanide of copper in tlie form 
of a light blue powder. When the compound is heated witli potash, ammonia is given 
off, cupric oxide separated, and cobalti^ryanide of potassium left in solution. (Zwe nu - r 
loc, ciL) ^ ' 

Cohalticyanide of Hydrogen, or Hydrocohalticyanic acid, ^ 

6IICy.Co2Cy.--Obtained(l.) by passing sulphuretted hydrogen through water in which 
cohalticyanide of lead [or of copper] is diffused, then filtering and evaporating to the crys- 
t^ine point.— 2. Py decomposing the concentrated aqueous solution of cohalticyanide 
of potasaium.with a slight excess of sulphuric or nitric acid, adding absolute alcohol and 
recrysteUiaing the mass which remains after evaporation. Crystallises in deliquescent 
colourless transparent needles, having a strongly acid tuste. When heated above 
lOO'* a It first gives off water, then hydrocyanic acid, hyclroeyanate of ammonia, and 
carbonate of ammonia, and at 250® C. leaves a blue powder, wliicli at a higlier tenirtcra- 
ture m converted into black carbide of cobalt. Tlio aqueous solution suffers seurcTlv 
Ze wi^nZoir'I carbonates and dissolves iron and 

Sr* U is nZZf 1 nleoliol, but is insoluble in anliydrous 

Wt,/n\Z *’T M'‘«cl'lpnc acid, fumiiiR .nitric acid, or aqua-regia, 

of water^eflJ^^ ^ I pmmonium, and sulphate of cobalt; the ailitimi 

CTanWrof eob!r”i!* ■“ the separation of red col.alti- 

n ®/ /pott iferroaum) is a white precipitate obtained with ferrous 

withT 

of + 4aq., obtained by decomposing carbonate 

of lead with hjdrocoba t .cyanic acid, crystallises in uaeveous sc,nles; rer/ soluble in 
water, insoluble in alcohol. Ammonia added to the aqueous solution thwtw® Hnwn 
a basic salt, 2rb«Co>*Cy>^.Pl)ir*0^\3Pb0. (Z wonger.) ^ 

Cobaliicyanide oj Manganese is a white procipitete. 

C 00 diet y il 71% dc of 3/ OT CVLT O 7>l is it wllito nil - -1 1 <1 71 f • 

precipitated by cobalticyauide of potasKiu.u! Vrocpit.ue. Mermr^o aalts are not 

Bul^hate^of^dtel 'v*i of potassium forms with 

^ ’ *“'‘5' P>^ec'Pitate of a light sky-blue colour (Omclin), llght-grceu 

tT '!’*)• . p™‘-'l''tate IS not attacked by boiling hydrochloric acid 

precipitate obtained by adding cohalticyanide 
be wmniroH h " 1C 'c -Salts always contains cobalticyanido of potassium, which cannot 

of nickel in a state ot purity, it is 
"'’‘Ii excess of hydrocohalticyanic acidT The pre- 
Ti^ dties im r “ » lifilit One coloui-, and when exposed to the 

fZt^ Tt B«ewsli-Wuc, vitreous mass, exhibiting a conclioidal 

fracture. It is perfectly msolublo in water and in acids. Potash-lev decomposes it. 

10^'c^‘it dissolves it compfctoly. Dried at 

(zlTnSrLrai.Tht::.tt?.TS " colour. 

eollbl^l‘!.Tr*f'^r/t + 7aq.-Recently preeipitate.1 

wh^ ‘’5,®^*?“ ammonia, forming a bluish soluLn, which, 

The '® “mmonia^compound in bluish crystalline scale*. 

pii^^iZK wS ammoniacal solution iy akoholi the 

^liiisE colour Tlie allowed to settle down quietly, it assumes a 

Piiiisn colour. Tlie precipitate is amorj.hons, and nsolublo in water Acids withdraw 
the ammonia, and leave cohalticyanide of nickel in the ^071 Llit bke Sr. 

fora^iS’iMakesX'Vd ^ ‘'“‘‘“d in the air to 100° C.^at a^iglirr 
rora^perature at takes fire, and bums away with strong intumescence. (Zwenger, loa. . 
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Cohaltieyanide of Fota88ium, ^ 6KCy.Co*Cy«.— Obtained : 1. By 

treating protocyanide of cobalt with aqueous cyanide of potassium, or by gently heating 
carbonate of cobalt with potash and hydrocyanic acid. If the action takes place in a 
close vessel, it is attended with evolution of hydrogen (Gmelin) : 

8KCy + 2CoCy* + 2H='0 = K®Co*Cy** + aKHO + H» 

2CoO + 6KHO + 12HCy = KWCy'^* + 8H*0 + H*; 

in contact with the air, however, no evolution of hydrogen takes place, but oxygen is 
absorbed. The product is purified by recrystallisation. If the crystals arc contami- 
nated with cyanide or carbonate of potassium, these salts must bo decomposed with 
acetic acid, and the solution precipitated by alcohol. 

Cobalti cyanide of potassium forms anhydrous flattened prisms, transparent, slightly 
yellow, and isomorphous with ferrocyanido of potassium. Ordinary combination 
+ F . — P. ooPoo . [ ooPoo ], the face — P sometimes predominating over P. Twin 
crysUils likewise occur. The salt is very soluble in water, insoluble in alcohol. When 
heated it melts to a dark olive-green mass, and if not in contact with the air, gives off 
nitrogen and cyanogen, ultimately leaving cyanide of potassium and carbide of cobalt. 
Sulphuric or nitric acid, added in excess to a strong solution of the salt, throws down 
cobalticyanide of hydrogen. The dry salt heated with strong sulphuric acid is com- 
pletely decomposed, giving off a mixture of carbonic oxide and carbonic anhydride, 
and leaving sulphate of cobalt mixed with sulphate of ammonium. 

Cobalt icyanide of Silver, Ag*Co-Cy*- =. 6AgCy.Co"Cy^, obtained by precipi- 
tating nitrate of silver with cobalticyanide of potassium, is a white curdy mass, anhy- 
drous, insoluble in water and in acids, not altered by liglit. 

It dissolves in ammonia, and the solution yields by evaporation colourless prisms of 
ammmiio-cohalticyanide of silver, 2NII®.Ag«Co‘‘^Cy^'‘* + aq., or cobalticyanide of silver 

and ary mtainmonium, Co^Cy ^. + aq. 

CohaJticyanide of Sodium^ Na^CVCy** + 4aq,, prepared by saturating hydro- 
cobalticyaiiic acid with carbonate of sodium, forms colourless transparent needles, very 
soluble in boiling uMtor. 

Cohaltic yanid e of Tin {stannous) is a white precipitate. 

Cobalticyanide of Zinc is a white i.)recipitato. 

CYANIDES OX* COPPER, Cyanogen unites with copper in three different 
proportions, forming the cupric, cuprous, and cuproso-cupric cyanides, the last of which 
may be rtjgarded as a compound of the other two. 

Dicyakidk of Copi’EB or Cupnic Cyanide, Cu'Cy^, is known only in 
the hydmtod state, and is obtained as a brown-yellow precipitate by adding cyanide 
of ixdassium, not in excess, to cold solutions of cupric salts (Sc he el o), or hydrocyanic 
acid to solution of cupric acetate (Pagensteeher). It is very unstible, decom- 
posing spontaneously, oven at ordinary temperatures, into cyanogen and hydrated 
cuproso-cupric cyanide : hence its properties arc but little known. 

According to IJuignet (J, Pharm. [3J xxv. 168), cupric cyanide is produced only 
when cupric sulphate is added to excess of cyanide of potassium, as a yellow-green 
prccipiUite which subsequently rodissolves; if, on the contrary, the cyanide of potas- 
sium is added to excess of the cupric salt, cyanogen is evolved and cuprous cyanide is 
formed. 

Ciipriio-cyanide of Potassium, 2KCy.CirCy^ separates on evaporation from the above- 
mentioned solution of cupric cyanide in cyanide of pota.ssium, in rhombohcdral crystals. 
It diBsolves in | of it^i weight of water at 15° C., and in J pt. at the boiling heat. The 
baturated solution boils at about. 120°. The solution, which is colourless, is pre- 
hy fixed alkalis and coloured by ammonia (Buignet). 

Monoctanidk of Copper, or Cuprotts Cyanide, (Cu*)"Cy*. — This com- 
pound is obtained in the form of a white hydrated powder by adding cyanide of 
po^eium or hydrocyanic acid to a solution of cuprous chloride in hydro- 
chloric acid, or to a solution of cupric sulphate mixed with sulphun)us acid. The 
precipitate is soluble in ^ueous ammonia, dilute acids, and alkaline cyanides. 
^ ^^0*1 heated, giving off water, and leaving a light brown-red tumefied 

Cuprous cyanide may be obtained in anhydrous crystals, possessing considerable 
ustre, by suspending in water the compound of cuprous cyanide and cyanide of lead, 
and passing sulphydric acid gas into the liquid, taking care to avoid an excess. 

y fwuprocyanv} acid feyanide of cuprosum and hydrogen) appears then to bo formed, 
p!?' \ j ^ filtered liquid bo left to evaporate spontaneously, it gives off hydrocyanic 
Id and deposits cuprous cyanide (Wohler, Ann. Ch. Pharm. Ixxviii. 370). — Accord- 
Dg to Dauber {ibid, Ixxiv. 216), the crystals belong to the monoclinic system, the 
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dominant fa 4 !os being ooP , ooPoo . oP. Inclination of ooP i in tlio piano of tho 
cliuodiagonal and principal axis = 68^ 32' ; oP : ooP = 70° 16' ; oP : ooP<» 

63° 10. Eatio of orthodiagonal to clinodiagonal = 0-6463 : 1., Cleava^ perfect^ 

parallel to oP. i. i n i- i i? • 

Cuprous cyanide unites with tho cyanides of tho alkali-Tnctals, forming colourless 
salts, which itiay bo called cuproso-cyanidos, from which acids, added to their 
solutions, precipitate cuprous cyanide in thick white flakes with evolution of hydro- 
cyanic acid. 

Cuprosocy an ide of Ammonium, (NlI‘)‘(CiP) Cy^ or 2NH^Cy.(Cu®) Cy*.- — If 
in tho preparation of tetraninioi)iai*al oupi’o.s<»-cupiMC cyanide (p, 209), tho ptissage ol the 
gas b(! continued alter tho ne-edU'S «)1 the green cviinule have formed, those crystals first 
redissolvo, after wL ieli the J iqii id gradually lo.sos its colour. W lion concontrated and loft 
to cool slowly, it deposits heautifiil, coiourk\s.s, prismatic needles of cuprosocyanido 
of ammoiiiuii). This salt i.s but .sparingly soluble in water, and decomposes when 
continuously lioiled therein. At 100° C., it gives off cyanide of ammonium, and at a 
temperature a little above, is rapidly converted into cuprous cyanide. (D ufa u, Compt. 
rend, xxxvi. 1099.) 

Cuprosocy a aide of Barium. — When aqueous hydrocyanic acid is poured upon a 
mixture of carbonate of coppe.r and hydrate of barium, the whole dissolves with brisk 
effervescence, forming a crinison solution, whicli loaves a colourless residue wlieii 
evaporated. Water fxmred upon the residue di.ssolves out the colourless double cyanide, 
leaving a residue of carbonate of barium. (Meillet.) 

Cuprosocyanide of ISisynuth. — Cupro.socyanide of potassium a (p. 210) fonns, 
with bismuth -salts, a yellowish-white precipitate, which dissolves in acids with evolu- 
tion of hydrocyanic acid. (1 1 1 n er.) 

Cuprosocyanide of Cadmiitm. — Cyanide of cadmium and potassium, added to 
solution of sulpliatcof copper, throws down a brownish- white precipitate, with ovolutiou 
of cyanogen gas. ( 11 a lu m e 1 s h o r g. ) 

Cuprosocyanide of Coppe }%oi' =:Cu''Cy®,(Cn*y'Cy* 
= brownish-yellow hydrated cupric cyanide precipitated by cyanide 

of pokissium from cohl solutions of cupric salts (p. 207) gradually gives off cyanogen, 
and is converted into cuproso-ciipric cyanide (Wb liter, G mol i n). The same com- 
pound is obtained by pp('cipitating a cupric .salt with cuprosocyanide of potassium 
(Kammolsborg). When washed aud dried at ordinary temperatures, it forni.s 
siskin-groen crystalline grn miles, or tran.spareiit pri.sins, having a st i’i^ng lustre. 

Accoiding to I)uf au (Coinfit. rend, xxxvi. 1099), cuprous and cupric cyanide form 
two compounds, one having tlio composition just given, the other containing 2 at. 
cuprous to 1 at. cupric eyaniJo. 

а. Dufau prepares the preceding compound liy passing iul.o a tolerably dilute solution 
of a cupric salt, a solution equally dilute of cyanide of potassium or hydrocyanic acid, 
in such proportion as to leave a considerable quant ity of tho copper-salt undecomposed ; 
■—or by passing a stream ol hydrocyanic a.ci<l vapour into water in which cupric oxide 
IS suspended, i ho precipitate lorincd is yellow at first, but r;ipidly beconie.s green, 
and gives off a considorsiblo quantity of cyanogen. The greim precipitate, which has 
a crystalline aspect, contains i at. water, so that its formula is Cii*(.!y^ + aq. 
M 100° C., it gives off water without ilecoinposiug, but at higher temperatures it gives 
on cyanogen, and is converted into cuprous cyanide. Acids separate white cuprous 
cyanide from it, producing at tho same time a cupric salt, and eliminating hydix)- 
cyanic acid. ( luistic potash transforms it into cuprocyanido of pitassinm and cupric 
oxide. Ammonia dis.solve8 it very easily, forming a blue liquid, which by spontaneous 
evapomtiou deposits beautiful green needles of tetrammoniacal cuproso-cupric cyanide 
(p. 209).— Jt dissolve.s very readily in uquoous cyanide of pitassiiim, forming a 
colourless or slightly Iduisli liquid, which soon changes to a crystalline mass, having 

consisting of cuprosocyanide of potassium ; its formation is 
attendea with evolution of cyanogen. 

б. 2(Cu ) Cy*.Cu Cy® + aq. = 2(Cu*)"|^^^* ”'9* — a cupric salt is procipi- 

toted by a moderately concentrated solution of oyaiiido of p<.tassiiim added in sufficient 

^ copper, an amorphous powder is obtained of an 

and a large quantity of cyanogen is given off: the precipiUite has 
instAb f- 8tAtcil.--B()th this compmnd and the preceding (a) are very 

8p»ntaneou.sly, sometimes on the slightest rise of 
y in presence ol a largo excess of hydrocyanic acid, giving 


the com position above stated .—Both th ii 

on the slightest rise of 

« * ' - j yjx a, Itirgo exce ^ “ 

OH cyanogen, and leaving cuproius cyanide. (Bufau.) 

JHammoniacal Cuproso-cupric Cyanide, 2NII*.Cu’‘Cy*.CuCy» + aq. = NsH‘. 


Cu" 

(Ctt«y 
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^ When a solution of (jyauid© of ammonium is mixed with a cupric salt, a 
considerable quantity of cyanogen ie disengaged, and a bluish-green precipitate is 
formed containing ammonia, and having tho composition just stated.— Bluish-grocn 
amorphous powder, slightly soluble in cold water, to which it imparts a faint blue 
colour; when boiled in water, it gives off ammonia and is resolved into cuprocyanide 
of ammonium, which remains in solution, and cuprous cyanide, which is precipitated. — 
The cuprous cyanide obtained in this and in certain similar reactions has more or 
hss of a brown colour, but is identical in composition with the white cyanide. The. 
compound is permanent in the air at ordinary temperatures, but gives off water and 
ammonia at 100® C. ; a heat somewhat greater converts it rapidly into cuprous 
t^auido. (Dufau.) 

Tdramuwniacal Cuproso-cuprio iNH^WCy^CuCy^ = 

1. The preceding compound dissolves readily in ammonia, forming a sky-blue liquid, 
winch by spontaneous evaporation deposits beautiful green uee<lles, having the com- 
position just stated. — 2. A more convenient method of obtiining this compound is to 
pass a stream of hydrocyanic acid vapour into ammonia containing cupric oxide m 
suspension. The oxide of copper dissolves at first under the iirtluence of the hydro- 
cyanic acid ; but, after a wliilt, small brilliant greem needles appear in tlie liquid*, and 
increase mpidly in quantity; tlie operation is then to be stopped, and the liquid left 
tx) cool, wlmreupon it deposits another crop of the green noudloK.— 3. This salt is also 
formed by dissolving cuprous cyanide in ammonia. The solution remains colourless 
if pr(»toctcd from the air, but if oxygen has access to it, in over so small a quantity, 
it rapidly turns blue, and wlien cvaporited deposits the green needles of tho 
txitrammoniacal salt. — Tctrammoniacal ciiprosocupric cyanide forms beautiful green 
ju’ismatic needles having a metallie lustre ; it is unalterable in the air, insoluble in 
water, and exliibits with various reagents the same actions as cupr)socupric cyanido 
and the monainmoniacal compound. (Ilufau.) 

Umvmmoniacal Cttpruno-aqmc Cyanide^ 6NIP.Cu*Cy*.CuCy* = | 

The tetnmmoniacal conipmnd dis.s()lves readily in warm aqueous ammonia ; and if 
the ammonia bo constantly kept in excess by passing a .stream of amraoniacal gas 
into the liquid, the solution, when afterwards left to c<w»l, deposits either prismatic 
nuecllos or crysbillinc plates of a lino blue colour.— This salt, when exposed to tho 
air, gives off ammonia and turns green. It may also be prepared from cuprosocupric 
eyaiiido, or tho diammoniacal compound, (I) uf au.) 

N'‘'H«Cu") 

Tetrammoniaval Bicuproso-cupric Cyofiide, iJSIP.CiiCy*.2Cu“Cy^ = N'^IP(Cu*y' - Gy*. 

(wy 

—When an ammoniacal solution of cupric oxide is poured into aqueous hydro- 
cyanic acid, till the odour of ammonia decidedly predominates, the sliglitly yellow liquid 
then heated to the boiling point, tl»e hejit kept up, and tho gradual addition of tho 
ammoniacal copper-solution eontinned till its dark blue colour no longer disapp(‘ar.s, 
micaceous crystalline lamin® make their appearance after a while. If tho liquid bo 
then filtered, it yields, on cooling, green reciaiigular lamina of remarkable lustre. 
They have a composition denoted by the preceding formula together with 2 at, water. 
On hwvting them with equal volumes of solution of caustic ammonia snd carbonate of 
ammonium not too dilute, a blue solution is obtained, whicli, after boiling for an hour, 
‘Icposits shining blue laminae of the anhydrous compound. Tho green lamime also 
turn blue when treated with the fixed alkalis or their carbonat(*s, oven in tho cold. 

The compound is quite insoluble in cold water, and is decomposed by boiling w'ater, 
with formation of a brown substance. Dilute acids sepamt.e,from it white cuprous 
cyanide, which dissolves on bxjiling, wdth evolution of hydrocyanic acid. (Hilkon- 
kump, Ann. Ch. Pharm. xcviii. 218.) 

Monthiers fJ. Pharm. [3] xi. 267), by precipitating cupric sulphate with cyanide 
of cuprosum ana ammonium, obtained a yellow precipitate, to which he assigned tlie 
formula mi*.CuCy.2WCy.HO. 

Cuproiocyan ide of Iro a. Cuprosocyanide of potassium, fl, forms, with ferric 
*5alts, a greenish yellow precipitate, from which acids dissolve out cuprous cyanide, 
leaving a residue of dicyanide of iron (Ittne^)^ Tho precipitate is white, but turns 
yellow when exposed to the air, the surface becoming yellowish ^een (Bammels- 
^crg).— 6. Cuprosocyanide of potassium c forms a yellow precipitate, which turns 
greenish on exposure to the air (Ram mol sb erg) ; according to F. & E. Rodgers, 
fke precipitate is white. With ferrous sulphate free from ferric oxide, no precipitate 
IS formed (Gmelin). For the other double cyanides of copper and iron, sea 
^^anides op Ieow. 

Vou II. P 
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Cuproioeyanide of Lead.— a. The potMeium-sidt form*, Trith le^-Balte, , 
whitish green precipitate (white, according to Ramm^sberg), which dissolves id 
rcid7witfi evolution of hydrocyanic acid (1 ttn er) - b. The coppcr-salt b precipitates 
lead-saltB in Ene, white, curdy flakea. (Gmelin.) 

Cuprosocyanide of Manaane8e.^a. Cuprosocyanide of ^tjissium a forms with 
manJnous salts a yellowish wTiito precipitate, which dissolves m acids inth evolution 
of hydrocyanic acid (Ittner).-6. The potassium-salt c forms a white precipitate 
with manganous salts. (Gmelin.) « . 1 . 

Cuprosocyanide of Potassium.— Cwpioos cyanide forms three compounds 
with cyanide of potassium. 

a. 2KCy.0u’Cy* = salt was discovered by Ittner, and further 

investigated by Leopold Omelin and Eammelsbcrg._ _ 1 j 

PriMratinn.—\. ^ric hydrate or cuproso-cupnc cyanide, is dissolved in aqueous 
evaiiiife of potassium, mid the filtrate evaporated to the crystallising point (Ittner). 
Monthiers pours excess of potash on hydrated cupric oxide, and adds hydrocyamc 
acid till the hydrate is di,H.solved, and the liquid bee^omes quite colourless. To 
obtain a perfectly white salt, he avoids the application pf heat.— 2. Cuprous cyanide 
is tirecinitatcd by cyanide of potassium from the solution of cuproim chloride in hydro- 
chloric acid, and potash added to the liquid till-it reddens turmeric, then hy^ocyanic 
aciil till its odour becomes pcrmiinent, then potash again, and so on altera at ely ; the 
residual white powder is then dissolved by adding a large quantity of water and 
boiling, and the liquid is evaporated and cooled. The salt n crystallises out first, after- 
wards the more soluble salt b (Gmelin).-3. This compound may also bo oblaincd 
hv adding cyanide of potassium to the aqueous solution of acetate of copper till the 
precipitate 4ich forms at first is rcdissolved. The solution, which is formiid,w.t!i 
evolution of cyanogen, as.sumcs at first a purplc-rcd colour, but afterwimls, on fnrth'-r 
a<ldition of cyanide of potassium and heating, turns yellow (Rammelsberg^—jlhe 
solution, whether prepared according to 1, 2, or 3, yields on evaporation or cooling, 
first, a comparatively small quantity of the crystallised salt ^ and then, by further 
evaporation and cooling, a larger quantity of the crystals c. (Rammelsberg.) 

The salt forms transparont monoclinic crystals, exhibiting tlie faces oR . + /i <30 . 
— 2Poo . ooP . — P, [Poo]. The crystals are often much elongated in the direction 
of the orthodiagonal. Inclination of ooP : ooP in the clinodiagonul section =» 94° 30' ; 
oP: -P = 131° 64'; oP : -2Pco = 126^ 13'; oP : [Poo] = 136° 4C'. Inclina- 
tion of clinodiagonal to principal axis = 77° 8' (Rammelsberg, Pogg. Ann. cvi. 4911 
The crystals are palo yellow according to Ittner and Gmelin, but colourless according 
to Rammelsberg, who regards the colouring as incidental; also according to Mcillet 
(J. Pharm.[3] lii. 443) and Monthiers {ibid. xi. 255). Taste bitter and metallic. 

Tlie crystals, when heated, give olTa small quantity of water [probably only hygi’o- 
scopie], become white and opaque, and afterwards fuse to a transparent liquid, pale 
blue by transmitted light, but having fine brown-red particles floating in it, which 
impart a brown-red colour to it by reflected light; no further decomposition ensues at 
a moderate red heat (Gmelin). The.se brown-red particles, which separate from 
the originally colourless liquid, consist of very finely divided copper, whence also 
proceeds the blue colour which the liquid aftenvards exhibits by transmitted light 
(Rammelsberg). Siilnhuretted liydrogen pa.ssed through the aqueous solution, 
throws down but a small quantity* of copper, even after a long time (Ittner, Ram- 
melsberg). The stronger acids added in small quantity throw down white 
cuprous cyanide and eliminate hydrocyanic acid (Gmelin). The same effect is 
produced by the salts of ferric and stannic oxide, excepting that the hydrates of these 
oxides are at the same time precipitated (Ittner). Mercuric salts throw down 
cupric [? cuprous] cyanide, with formation of cyanide of mercury and a potassium-salt 
Alkalis have no action on this compound (Ittner.) The crystals dissolve sparingly 
in water, wnth partial separation of cuprous cyanide, whereby they become opaquj*» 
and afterwards crumble to a white powder. The solution when evaporated first yields 
crystals of the salt a, then of c ; the former is therefore rendered soluble in water 
only through the medium of the latter. (Rammelsberg.) 

b. 4KCy.3Cu*Cy* « Formed by the action of potash on cupro^ 

cyanide. (Rammelsberg, Pogg. Ann. Ixiv. 65.) 

c. 6KCy.Cu*Cy* *= | Cy**.— Discovered by Gmelin, more minutely 

by Rammelsberg, Prepared in the same manner as the salt a. In some cases, the 
salt a crystallises first from the liquid, and afterwards the salt b ; or, if the quantity 
of cyanide of potassium present he considerable, the salt b crystallises out alone. 
According to Prince Bagriition (J. pr. Chem. xxx. 367), copper dissolves in aqueous 
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cyanide or forrocyanide of potassium, and in this reaction the same salt is produced 
together with free potash. 

This salt forms colourless, transparent, rhombic prisms, truncated on the lateral 
edges, and having 6-sided summits (Gmelin). Pennanent in the air (Rammels- 
horg) ,* acquires a bluish white tint after long keeping (Glmelin). The crystals 
decrepitate when heated, and at a temperature much below redness they fuse without 
loss of water, and form a liquid which is likewise blue by transmitted, and brown-red 
by reflected light, and does not undergo any further decomposition at a moderate red 
boat ; on cooling, it solidifies into a mass coloured reddish white by admixed particles 
of copper. Small quantities of the stronger acids precipitate cuprous cyanide from 
tlio solution, and liberate hydrocyanic acid (Gmelin). A similar eifeot is produced 
by ferric salts, a precipitate of hydra t«?d ferric oxide l>eing, however, formed at the 
same time (Rammelsberg). Mercurous nitnite forms a green precipitate (Gmelin). 
The salt dissolves readily in water, and its warm concentrated solution takes up a 
considerable quantity of the salt «, so that, as it cools, crystiils of a separate out 
(Rammelsberg). The solution of the salt c fonns a palo yellow precipitate with 
cupric salts (Gmelin, F. & K Rodgers). This precipitate should be Cu*Cy" or 
(Cu'7(Cu^)"C.y\ 

This salt forms colourless, transparent, monoclinic prisms, exhibiting the faces 
odP . oP . —P . [2Poo], with tlie inclinations ooP : ooP in the clinodiagonal prin- 
cipal soetion « 102° 32‘; oP : ceP = 102° 10'; oP : -P =. 142° 69'; oP : [2Poo] 
.. 130° 57'. 

Cnjproso-cyanide o f Sodium, — Formed by precipitating the solution of the 
corresponding barium-salt w'ith an equivalent quantity of sulphate of sodium. On 
evaporating the filtrate, it remains in the form of small needles permanent in the air. 
(Moillct, J. Pharm. [3] iii. 413.) 

Cvproso-cyanidc of Uranyl, — The potassium-salt c added to uranic chloride 
throws down a palo yellow powder. (Gmelin.) 

Ciiproso-cyanidc of Zinc. — The potassiiim-salt a forms with zinc-salts a white 
procijiitiite, which dissolves in acids with separation of prussic acid (Ittner). The 
potasHiimi-.salt c forms curdy wliito flakes. (Gm eli n.) 

CYnnmn 07 CUmsmrXi. See Cumonituilb (p. 283). 

CYANZBIS 07 STBYB. PropionitrUe, Metacctonitrihf Hydrocyanic ether, 
C’U^N = C'H^Cy.^ — This compound was discovered by Pelouze in 1834 (Ann. Ch. 
Pliarm. x. 249), further examined by Frankland and Kolbe (ilrid. Ixv, 269, 288; 
Chem. Soc. Mem. iii. 386 ; Cliem. Soc, Qu. J. i. 60), and by Pumas, Malaguti and 
Leblanc, Ann. Ch. Pharm. Ixxiv. 329). It is obtained; 1. By distilling cyanide of 
jKitiissium with ot hylsulphate of pota.ssinm or V>aTium, the distillate being purified by 
Wii.sliing with water, drying over chloride of calcium, and rectification ; but the pre- 
paration by this method is attended with the evolution of an intolerjiblo odour, arising 
from ii small quantity of a cyanogen-compound not yet examined, and the purification 
is very difficult. — 2. By distilling pulverised cyanide of potassium with oxalate of 
ethyl (Lowig). — 3. By distilling cyanide of potassium with iodide of ethyl mixed with 
four times its volume of alcohol, the condensing apparatus being so arranged that the 
dist illed liquid may continually run back again, till, on being tested, it shows no trace 
of iodine ; the contents of the retort are then distilled to dryness (Williamson, Phil. 
Mag. [4] vi. 205). According to Bucklon and Hofmann (Chem. Soc. Qu. J. ix. 260), 
the cyanide of ethyl thus obtained contains a considerable quantity of alcohol, from 
which it cannot be freed by fractional distillation ; and to obtain it pure, it must first be 
converted into propionate of potassium by the action of caustic potash (vid. inf), this 
salt freed from alcohol by distillation, then converted into propionic ether (by heating 
it with alcohol and sulphuric acid), — the ether converted into propionamide (K.H*. C*H*0 
=■ C’H^blO) by the action of ammonia under pressure, — and the propionamide into 
propionitrile (cyanide of ethyl) by. the action of phosphoric anhydride. Buckton and 
Hofmann, however, regard this as t he be.st mothofi of obtaining pure cyanide of ethyl. 

C’yanide of ethyl is a colourless liquid, of specific gravity 0*78 (Pelouze), 0*7889 at 
12-60 C. (Frankland and Kolbe). It boils at 82° C. (Pelouze), at 88° (Frank- 
hind and Kolbe). It has a strong alliaceous odour, and is very poisonous (Pelouze). 
It is veiy soluble in water (Pelouze), moderately soluble, but separates on the 
addition of common salt (Frankland and Kolbe). It mixes in all pre^portions with 
alcohol and ether. 

Cyanide of ethyl cohobated with aqueous potash is converted into propioiuita of 
potassium, with evolution of ammonia : 

C«H*N + KHO + H*0 C“H»KO* -t NH», 
p2 
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A vimilar decompoHition is produced by dilute stdphuric acid (1 pt strong acid to S 
pts. water), the products being propionic acid and sulphate of amiuoniuin : 

2CWN + IPSO* + 4H^O =. 2C*H«0* + (NH^y-'.SO* 

According to E. Meyer (J. pr. Cbem. Ixvii. 147), sulphate of ethylamine is likewise 
fonncd. Heated yrith fu?niny sulphuric acid^ it yields disulphetholic acid, 
together with acid sulphate of ammonium and carbonic anhydride (Buckton und 
Hofmann (Chem. Soc. Qu. J. ix. 250): 

+ 3H*SO* = CWSW + NH*.TI.SO* -f CO* 


Cyanide of ethyl, treated with potassium at ordinary temperatures, is partly decom- 
posed, yielding cyanide of potassium and hydride of ethyl, and partly polymerised into 
cyunetlunc, C^H'^N* (E ran kl and and K olbe). The formation of hydride? of ethyl in 
this reaction must bo due, either to the presence of water or alcoliol in the cyanide of 
ethyl, or to the resolution of the liberated ethyl into hydride of ethyl and ethylene. 

Cyanide of Elh^l and When iodide of ethyl and cyanide of silver ia 

equivalent quantities are heated together to 100° C. in a sealed glass tube, this com- 
pound is obtained as a viscid oil, which solidifies in tlie crystalline state on cooling. Jt 
18 also obtained in fine shining crystals on heating to 100° C. a mixture of iodido of 
ethyl, cyanide of silver, and water. It does not yield pure cyanide of ethyl by (by 
distillation, but when distilled with water, or with potash, it yields a distillate wliich 
smells of cyanide of ethyl, and when treated with an acid, loses its odour und is con- 
verted into a salt of ethylamine. (E. Meyer, loc. cit.) 

CyanWe of etliyl form.s solid conipounds with certain mitallic chluridis viz 
CWN.SbCP, C»JPM.AuCi^ C^IPN.ITCP, 2CHP]S.SnCl‘, 2C*IPN.TiCi* ; and ii(|ui<i 
compounds with chloride of carbonyl, CTl'^N.COCl*, imMdoride ofayanoani, CHPN.OyC^l. 
(Henke, Ann. Ch. Phariu. evi. 280.) 


CTAXrXBS or x:THYI.EWB. C*IPN*-(C*H7'.Cy*. (Maxwell Simrson. 
Proe. Koy. Soc. x. 671. deuther, Ann. Ch. Pharm. cxx. 268.)— Produced Ly tho 
action of cyanide of potassium on bromide or eliloride of ethylene ; 

CHI'Br* -h 2KCy - Cai'Cy* + 2KBr. 

A mixture of 1 at. bromide of ethylene and 2 at. cyanide of potassium, with a con- 
siderable quantity of alcohol of specific gravity 0*840, is cohobated in the water-bath 
till tlie reaction is complete; the alcoholic liquid is then decanted and freed from 
alcoliol by distillation ; the semi-fiuid residue is filtered at 100° C. ; the filtrate is 
treated with a saturated solution of chloride of calcium ; and the cyanide of ethylcin', 
which rises to tlie surface in the form of a reddish oil, is washed with ether, aii.l 
heattHl for some time to 140° C. to free it from admixed bromide of ethylene: tliis 
trealmoiit does not, however, ronderit quite pure (Simpson). Geuther prepared fhe 
compound from chloride of ethylene, but the preparation is more difficult than with 
the bromide. 


Cyanide of ethylene IS, at ordinary temperatupes, a brownish, semi-solid, crystalline 
mass, melting at 60° C. It dissolves readily in water and alcohol, less in ether. It 
cannot Im disti led, but bears a tolerably high temperahire without much decomnosi- 
tioTi. With nitric acid it forms a body which crystallises from alcoliol in long needles, 
ileatml with alcoholic potash, it acts similarly to cyanide of ethyl, giving off ammoiiw, 

and yielding succinate of potassium: 6 

C'^I'Cy* + 2KHO + 2H‘0 = C*n*K^O* + 2NH» 

t Gold unites witli cyanogen in two proportions, form- 

Ing tho .lurous and anne cyaiudca ; the latter, however, is known only iTcomhiliatiou. 

Pbotocyamidh of Gom> or Auhous CyAmnB, AuCv is obtained bv heating 
au^yanido of iwtassmm with nitric or hydrochloric acid It is a lemon-yel^iw, erja- 

‘'y "'i“pe. uppoan, trcoliatof hcA..- 

tS^cither taste nor smell. 

We. When heated, it gives off cyanogen and 

wen at the "‘trie, hydrochloric, or aulphuric acid, 

IcMblnn. acid decomposes it slowly. Sulphydric 

whid? ^ ' sulphydrate of ammonium dissaves it to a col)urle8s‘liqaid. 

^ fhe h^SLlT in ammonia. Potash de- 

£™i7hUe ^dinm * e°‘d. It is likewise soluble in 

a. SS,: 
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’wtatinc the sulphate of potassium and the excess of sulphate of ammonium with 
'bsolute alcohol, and leaving the filtrate to crystallise by evaporation. It forms colour- 
La anhydrous crystals having a strong metallic taste. 

* The solution of protocyanide of gold in boiling aqueous ammonia yieldsf on cooling, 
prey, shining scales, which give up their ammonia when heated, or on addition of 
hydrochloric acid. 

jinrocyanide of Potassium^ KAuCy*, may bo obtained by dissolving aurous 
ovanide, aiiric oxide, or fulminating gold, in cyanide of potassium, the solution being 
attended with evolution of cyanogen in the second case, and of ammonia in the third. 
A convenient method of preparation is to dissolve 7 pts. of gold in nitro-muriatic acid, 
precipitate by excess of ammonia, and introduce the precipitate, after thorough 
wjushing^i into a boiling solution of 6 parts of cyanide of pota.ssium. The colourless 
solution,' if not too dilute, deposits the aurocyaiiide in crystals on cooling. The mother- 
liquor yields by evaporation a fresh quantity of the salt, but very impure; it is 
evaporated with excess of hydrocyanic acid, and the residual aurous cyanide is washed 
with water and dissolved in cyanide of potassium (77 pts. cyanide of gold to 23 pts. of 
evanido of potassium). The crystals are purified by recrystaUisation from boiling 
w'ater. 

According to Prince Bagration (J. pr. Chem. xxxi. 307), metallic gold precipi- 
tated by ferrous sulphate dissolves in aqueous cyanide of potassium, slowly also in 
fi'iTOcyanido of potassium, forming aurocyaiiide of potassium. The action requirt‘8, 
however, access of air, as shown by Eisner {ibid, xxxvii. 333), and is attended with 
foririation of caustic potash : 

Au^ + 4KCy + 0 =. 2KAiiCy^ + K^O. 

Aurocyanide of potassium forms colourless elongated rhomboidal octahedrons or 
nacreous scales. It is permanent in the air, moderately soluble in water, sparingly in 
iilcoliol, insoluldo in other. Heated in a close vessel, it gives off cyanogen gas and 
Jcavc's a mixture of gold and cyanide of potassium. Aqueous acids slowly decomj^se 
the Holution, eliminating hydrocy.'inic acid, and precipitating aurous cyanide. Boiled 
with hydrocJiloric add, it yields about 88 per cent, cyanide of potassium, together with 
ohloride. A similar decomposition is produced by sulphuric, nitric, oxalic, and tartaric 
ncids. Alkaline sulpliydrates do not (lecompose it. The aqueous solution mixed with 
iruTcuric chloride, yields, without evolution of hydrocyanic acid, a yellow precipitate^ 
which increases on lioiling, and assumes the deep yellow colour of aurous cyanide ; the 
liquid contains cyanide of mercury and chloride of potassium, but no gold. 

Aurocyanide of potassium is extensively used in electro-gilding. Its aqueous 
solution, especially when hot^ gilds copper and silver, even without the aid of a 
voltaic battery, its place in the solution l)eing supplied by an equivalent quantity of 
the other metal. 

To obtain the gold which remains in the solution after it has been used for gilding, 
it should be evaporated to dryness, the residue finely*^ pulverised and intimately mixed 
with an equal weight of litharge, then melted at a strong red heat, and the haul 
extracted from the button of lead and gold by warm nitric acid ; the gold then 
rcujaina in the form of a loose, yellowish- brown, spongy mass. (Bdttger, J. pr. 
(-hem. xxxvi. 1()9.) 

The solution of aurocyanide of potassium forms a white precipitate with ^'fwc-salts ; 
ycllowish-whito with ^/w-salts ; white with /curf-salts; wliite with ferrous salts, 
changing to blue on addition of nitric acid ; white with nitrate of silver ; with chloride 
of manganese it forms small crystals. 

Thicyanide of Gold, or Auric Cyanide. AnCy*.— This compound is ob- 
tained, in the free state, according to ITimly, by decomposing auricyanide of potassium 
with any of the stronger acids. It is more probable, however, as pointed out by 
b. Omelin {Handbook^ viii. 37), that the substance thus separated is auricyanide of 
hydrogen, HOy.AuCy® ; 

KAu'"Cy^ HCl « KCl + HAu'Ty*. 

Moreover, as observed by Himly himself, the compound, when heated, gives oflf at first, 
cyanogen, but hydrocyanic acid. 

^ To prepare auricyanide of hydrogen^ or auriprussic acid^ an aqueous solu- 
tion of auricyanide of potassium is mixed with excess of nitrate of silver ; the liquid, 
containing the excess of the silver-salt, together with nitrate of potassium, is filtered ; 
the precipitate, consisting of AgCy.AuCy*, is thoroughly washed with water, then dif- 
fused in water, and decomposed with frequent agitation, and at the ordinary,^ or at a 
slightly elevated temperatw*^ (at higher temperatures a yellow colouring will 
appear, and protoeyanide of gold will be formed), by a quantity of hydrochloric acid, 
•lot sufficient to decompose the whole ; and the filtrate is I'vaporatcd to dryness in 
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TMUO over oil of ntriol and lime.— Or, auricyanido of potassium is mixed with hydro- 
flnosilicicacid and evaporated to dryness; the residue exhaimtod with absolute alcohol; 
and the solution filtered from the silieo-fluoride of potassium, and left to eyaporate 
(Himly). jhe product thus obtained generally has a yellowish colour, aming from 
the admixture of a small quantity of protocyanide ; it must therefore be dissolved in 
the smallest possible quantity of water or alcohol, and the filtrate left to evaporate in 
the air or in vacuo ; for the application of heat would reproduce protocyamde of gold. 

^ Auri^anide of hydrogen forms largo colourhiss laminae and tables, containing 3 at. 
water of crystallisation = 2Au"'IlCy* + 3IPO (Himly). They fuse at 60° C., first 
giving off hydrocyanic acid, tlien cyanogen gas, and leave carbide of gold, which burns 
readily in the air, and is converted into pure gold. The aqueous solution, when eva- 
porated over the water-bath, deposits part of the gold in the form of protocyanide. A 
boiling aqueous solution of oxalic acid exerts no reducing action. Mercurous or mir- 
c\Lr-k nitrate, heated with the solution, thmws down protocyanide of gold, while 
cyanide of inerciiiy remains in solution. Mercuric chloride forms no precipitate, even 
when the solution is heated. Aiiricyanide of hydrogen does not become moist when 
exposed to tlie air, but dissolves in water in every proportion, and almost as easily in 
alcohol and other. (Himly.) 

Auricyanide of Ammonium, (NH^)Au^Cy^ — Hydrated auric oxide is adilfl 
to hydroQ 3 'anate of ammonia, obtained by distilling ferrocyanide of potassium with sul- 
ammoniae and water, as long as it continues to dissolve ; the colourless filtrate is 
heated, which can sw a large quantity of ammonia to escape; the filtrate evaporated 
over the water-bath, during which pwcess it lieconies covered w'itli a rusty yellow film ; 
the dry residue exiiausted with water; and the filtrate left to evaporate till it crystal- 
lises. The salt forms large, colourless, four and six-sidiKl tables, which give oil’ 6 ()(j 
per cent, of water at 100^(1, and turn reddish-white, yidlow at a higher temperiiliin', 
and give off hydrocyanate of ammonia, and wdien ignited in the air leave 58*7 i«t 
cent, of pure gold. They dis.solve readily in water and alcohol, butaro nearl)* in- 
soluble in ether. (Himly, Ann. Ch. Vharm. xlii. 313.) 

Auricyanide of Votassium, KAu'"Cy\— Formed by converting 7 pts. of jiold 
into a solution of the? chloride as neutral as possible, and gradually adding this liijnid 
to a hot conc-ontrated aijueous solution of 8 pts. cyanide of potassium. The colourless 
mixture, as it cools, dej[X)sits cr3\stals, which may be purified by recrystallisatiou : 

AuCl* + 4KOy = KCy.AuCy* + 3KC1. 


(Himly, Ann. Ch. Pharm, xlii. 340.) A similar process is adopted by RammelshcrT 
(Pogg, Ann. xlii. 133), According to Glassford and Napier, on the other hand, this 
mode of preparation yiedds, not auricyanido, but aurocyanide of potassium. 

The salt forms large, colourless tables, which, when exposed to the air, efflon'seo 
quickly and turn milk-white ; in vacuo (Himly) or at 100° C. (Ram me Is berg), tlay 
give off all their water of crystallisation. The residue then melts to a brown liijuid, 
fi-om which part of the gold sepanites out, an evolution of cyanogen taking phu e at 
the same time (Rammolsbcrg). The salt, when heated, gives off 2 at. cyanogen, 
and is converted into auiocy ankle of pataBsium, KCy.AuCy (Himly). — Chlorine 
exerts a decomposing action only when aided by heat, chloride of cyanogen being then 
formed (Ramin el sb erg). Acids added to the solution of the salt produce no pre- 
cipitate, but colour it yellow and eliminate hydrocyanic acid (Rammelsberg). Mer- 
curous nitrate, l>oiled with the solution, forms a yellowish precipitate (Himly). 

Balt does not disBolvo in ulisolute alcohol (Himly). Its aqueous Bolution is the host 
of all materials for galvanic gilding, (^leillct.) 

Auricyanide of Silver is a curdy precipitate, formed by mixing the potassium- 
Balt with nitrate of silver. It is soluble in ammonia, insoluble in nitric acid. 

OYAirZBB OP HTBROOSir. Hydroci/anio or CyanhydHc acid, CNH 
(C*N/Z)=:HCy. JYussic acid, Acidum horussicum, Blamdure, Berlinerblausdure.'-^^^^'^ 
acid was discovered by Scheele in 17.82 {Opiiscula, ii. 148), ftirther examined jy 
Herthollot (Mtm. de H Acad. d. 8c. dc Paris, 1787, p. 148), Proust (Ann. Chini. lx 
185, 226) and Ittner {Beitrdge zur Geschichte der Blausdure, 1809), and first oh; 
tained in the pure and liquid state by Gay-Lussac in 1811 (Ann. Chim. Ixxvu. 
128; xcv, 136). It appears, however, to have been known to the Egyptian priests’, 
who used it for poisoning the initiated who had been guilty of divulging the sacrcti 
myatcriofl. (Hoefer, Jiiaioirc cic CAimte, i. 226.) ^ , 

Occurrence . — ^The kernels of bitter almonds, peaches, apricots, plnms, cherries, and 
quinces,— the blossoms of the peach, sloe, and mountain-ash,— the leaves of the pe^n. 
cherry-laurel, and Portugal laurel,— the young branches of the peach,— the stem-h^TK 
the Portugal laurel and mountain-ash, and the roots of the last-named tree, wd 
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aoakcd in water and distilled aft«r a while, yield hydrocyanic acid, together witli bitter 
fllmond oil. The juice of the root of Jatroplia Manihot also yields hydrocyanic acid 
when distiiled. But it is only in the moister parts of these substances that the acid 
exists ready formed ; the greater part is produced during immersion in water, the 
ainyffdalin contained in the plants being then resolved, by the fermentative action of 
the^emulsin, also present, into glucose, hitter almond oil, and hydrocyanic acid(i. 202) 
tlie last two substances ptissing over in the distillation. 

formation. — 1. From metallic cyanides, by the action of sulphydric, sulphuric or 
hydrochloric acid. — 2. In the dry distillation of azotised bodies, and by the action of 
nitric acid on certain organic substances, — in the preparation of nitrous ether for ex- 
ample. It is also found among the products obbiined by distilling albumin, hbrin, 
casein, or gelatin with sulphuric acid and chroniato of potassium, or sulphuric acid and 
peroxide of manganese. — 3. By the action of heat on formate of ammonium : 
CH(NIP)0”== CNH + 2ll®0 (1) dbo rein er, Buchner’s Bepert- xv. 425). — 4. By the 
decom{X)sition of amygclalin (i. 222). — 6. By the decomposition of various cyanogen 
compounds and of fulminates. 

Vnyaration. — I. Of the aqueous acid . — a. From hydrated Ferrocyanidc of potas- 
gtum . — This salt, which consists of K^FeCy®.3II*0, is decomposed when heated above 
lOO'^ C. witli sulphuric acid and water, in such a manner that half the cyanogen 
passes over in the form of hydrticyanic acid, whilst a yellowish-white powder, 
KhV'Cy*, is precipitated, and the residual liquid cont^iiiis acid sulphate of pjtassium. 
'J’lio best proportion is 1 at. feiTocyanido of potassium to 3 at. sulphuric acid ; there- 
fero 478'4 pts. of crystallised ferrocyaiiicle of polassiiim to 3 . 98 ( = 294 pts.) oil of 
vitriol (diluted with any convenient quantity of water), — therefore nearly 10 pts. of 
the crystiilliaod ferrocyanidc to 26^ pts. oil of vitriol (Everitt, Phil. Mag. [3] vi. 97): 

K^Fo0y«.3H‘O + SIPSO^ = 3nCy + KFeCy® + 3KHSO* + 3H'^0. 

According to this calculation, 422*4 pts. of the crystallised ferrocyanidc yield 3.27 ( — 81 ) 
pts. hydrocyanic acid (in the anhydrous state), or 100 pts. ferrocyanide yitjld 19*16 
pts. of tiio acid. Geiger obtained by oxp>erimcnt 17’07, and Wackenroder 17*26. — 
A larger quantity of sulpliuric acid docs not act fnrtluT on the precipitated KFeCy*, 
and cannot therefore lead to a more abundant evolution of hydrocyanic acid; on the 
contrary, as it can no longer be taken up by the potash, it decompose.? part of the 
liliernted liydrocyanic acid into ammonia and formic acid, and consequently the hydro- 
cyanic acid wJiich distils over is sm;iller in quantity and contaminated with formic 
acid. It i.s })otler indeed to reduce tlu^ quantity of sulpliuric acid to one-half (3*5 jits. 
oil of vitriol to 10 pts. ferrocyanide of potassium), so tJiat neutral sulphate of j>ota.s- 
sinm maybe formed instead of acid sulphate; as, however, the neutral sulphate is but 
s}tarijigly soluble, and is therefore deposited in the crystalline form during the di.stillation, 
it increases tlic percu.ssive ebullition caused by the white cry. stal line powder, so that 
drops of tlio mixture are often thn)\m up, and mix with the distillate. Hence it is 
good to throw a few clipping.? of platimiin-foil into the mixture. 

The greater part of the hydrocyanic acid goes over in the beginning of the distilla- 
tion at a temperature somewhat above 100° C. ; and when the residual liejuid attains 
a higher temperature, the water follows, contuiniug but little hydrocyanic acid. A 
good condensing apparatus is thereforo necessary ; otherwise the hydrocyanic acid, 
which pa.sses over at first, — since it.s boiling point is not above 27° C., — will for the most 
part escajjo in vapour togetlinr with the air of the apparatus. Water in the receiver 
likewise tends to prevent this loss. It is not necessary to boil the residue down to 
drynes.s; it is sufficient indeed to distil off from § to J of tlie liquid, according to the 
quantity of water present. 

It is unnecessary to dissolve the ferrocyanide in water before adding the sulphuric 
acid, as it readily dissolves in the water as the distillation goes on. 

The distillatory apparatus must be so arranged as to prevent any portion of the 
mixture from spiriting over — to contain but little air, inasmuch a.s the uirin escaping 
always carries hydrocyanic acid vapour with it — and to present the greatest possible 
amount of cooling surface. 

If the distillate should become contaminated with sulphate of potassium and prussian 
blue by spirting, it must be carefully rectified over a small quantity of magnesia, chalk, 
01* carbonate of barium, in an apparatus affording ready means of condensation. This, 
however, occtvsions loss of prussic acid, and the rectified acid is much more prone to 
si»ontaneous decomposition. 

o. Fro?u Cyanide of Potassium. — This salt is sometimes used for the preparation of 
yflrocyanic acid, because it is easily decomposed by dilute acids, even at ordinary 
eniperatures. There is, however, greater difficulty in obtaining it in a pure and definite 
e, and, consequently of determining theexact amount of prus.sic acid that it will yield, 
point of great importance in the preparation of the medicinal acid. Ordinary cyanido 
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of potaflsium, prepared by Liebig’s process (see Cyajtidb of Potassium), is not well 
adapted for the purpose, because it contains a considerable quantity of ^an^te and 
carbonate of potassium, and the carbonic acid evolved by the decomposition of these 
salts prevents, to a considerable extent, the condensation of the hydrocyanic acid; 
moreover, the cyanic acid which also passes over is soon resolved into carbonic acid and 
ammonia, and the latter induces spontaneous decomposition of the hydrocyanic acid. 
It is necessary, therefore, to use cyanide of potassium free from cyanate, which, ac- 
cording to WeiUer, may be prepared by fusing in a covered crucible a mixture of 
dehydrated forroeyanide of potassium, burnt tartar, and charcoal powder (p. 217). 
The cooled mass is tlion lixiviated with cold water, and the filtered solution (»f 
cyanide of potassium is distilled with sulphuric aciil. 

By the following method an acid of nearly definite strength may be obtained without 
distillation. 

To a solution of 9 j)ts. tartaric acid in 60 pt^i. water, /’ontained in a well-stop- 
pered bottle nearly filled with it, 4 pts. of pure cyanide of potassium are added; tl»e 
vessel is shaken, frequently dipped into cold water, and then left in the cold for twelve 
hours ; and the aqueous hydrocyanic aci<l, which contains but a very small quantity 
of tartrate of potassium, is poured off from the crystallised tartrate (Th. Clarke, 
Lojid. Med. Surg. J. vi. 524; also J. Chim. mM. vii. 544). According to calculation! 
this acid contains 3 0 per cent, of anhydrous prussic acid. 

c. From Cyanide of Mercury. — 1. Cyanide of mercury is agitated with iron 
sulphuric acid, and water in a W(*ll-stoppered bottle, till the liquid no longer tastes of 
mercury — or better, till a portion of it taken out is no longer blackened by siilj»Im. 
retted Ijydrogen — the solution then decanted from the iron and mercury into a rt^orl 
and distilled c h o cl e) : 


Hg'Cy2 + Fe + IPSO* « FeSO* f 2HCy + Hg. 

According to this (Kjuation, 12G pts. cyanide of mcrctiry require 49 pts., or rather more, 
of oil of vitriol, togcth<‘r with a considerable quantity of water, and at least 28 pts. of 
i^)n filings ; an excess of iron, however, accelerates the decomposition. If the cyanide 
of mercury be carefully M-eighed, this method is very well adapted to produce an arid 
of definite strength. TIkj acid di.stil8 over at a gentle heat. (Omclin.) 

2. tSulphydric acid gas is passed through an aqueous solution of cyanide of merciirv 
as long as it is ab.Norbed, and tlie soltition separated by filtration from the sulphide of 
mcrcuiy (Proust, Vauquel in) : 

JIg"Cy'^ + IPS = ng"S + 2HCy. 


Vauqnolin, who employs a solution of 1 pt. cyanide of mercury in 8 pts. water, fn‘cs 
the solution from excess of sulphuretted hydrogen by agitation with carbonate of lead, 
till fresh portions of that .salt are no longer browned by it, and filters the liquid again. 
Jfut even if these fill rations be performed in a well-covered filter, a considerable 
quantity of pru.ssic acid is lost by evaporation, so that this process never yields an acid 
of definite strength; moreover, the acid thus prepared is apt to bo somewhat cou- 
taminatcHi with sulphocyanic acid and oxide of lead 

9in JrT ®^»;-200 pts. of pure cyinido of silver are shaken np with 

gravity M29, and, when tl.e decomposition is 
rK v.,'.' f ; W -'Tl I. of by decant-ition 

iflmll’.ur • ■ ^ ^ ''J'drooyanie acid may contain a small quantity 

of hydrochloric acid, but has the advantage of definite strength. 

milt^v d'-f"/* f {''■".'f— .r*"* oy*n'de of load is decomposed by an equivalent 
<1 ZnlVto ,W eh ™ T' (Thomson). As. however, the cyanide of lead is 
if ^ litMe 9» phnne acid required cannot be exactly detennined ; 

If too little be ui^l. lead remains m solution. (Sonberain. N. J. Pham. i. 121.) 

w£lKZHHe,'‘of 'if P'f obtained by miing 

Ttf nrfh R ^ ""''ydrons acid and water. Acid of the so-called Meeles 

strength eoiitain.s 6 ^r cent, of the anhydrous acid. 

II. Preparation of Anh/drom Hydrocyanic Acid. — The great volatilitv and hichly 
f«.sonous charaeter of hydrocyanic aeid rendem this pSss fry Sl^lusTit 
should th^fore only be [HTformed in winter, and with the aid of a ^erinSxture. 
fil/edTith^dreXf passing dry sulphydric acid^ thj^agh atulxi 

sm^l tiu re irtn “d- where there is placed » 

iceanrfu ^Thnfnwf.?^ K"l-»nd connected with a U-tube surround with 

hidd fom Th. “■<» ‘ben Paaeoa over and collects in the receiyer in the 

‘oTqS'i'r "ws — «-«»«. .o- 

0 Mined by either of the preceding processes, with fused and pul voriseA chloride of 
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calcium. Trantwein (Repert. xi. 13) distils 15 pts. of ferrocyanide of potassium with 
*9 pts. oil of vitriol and 9 pts. water, till 4 or 5 pts. of strong acid have passed over into 
ti,;, r^eiver, which must be surrounded with ice, or with a mixture of ice and salt ; pours 
ttie acid into a strong bottle provided with a good stopper and kept cold by a freezing 
mixture ; and adds pulverised chloride of calcium in small successive portions, ami 
with frequent agitation, so that no great development of heat may take place. The 
mixture, after being left at rest for a while, separates into two layers, the lower one 
consisting of aqueous chloride of calcium, ana the upper of hydrocyanic acid freed 
from part of the water. The acid is then poured into another bottle, and again treotodt 
witli cldoride of calcium ; and tliis treatment is continued till fresh quantities of chloride 
of calcium added to the acid no longer become pasty and cake together, but remain 
pulverulent. Ry this treatment, Truutwein obtains fi*om 2 to 2 J pts. of anhydrous acid. 
Since a considerable quantity of acid is lost at each decantation, and moreover the 
vapur which escapes may exert a poisonous action, it is better to leave the acid in 
the first bottle and draw off the solution of chloride of calcium by a siphon. This 
siphon is filled with a saturated solution of chloride of calcium, closed with the finger 
at the (‘lid of the longer arm, and not opened till the shorter arm is depressed to tho 
h)west part of the bottle held in a somewhat inclined position. As soon as the chloride 
of calcium solution has completely run out, the siphon is again closed with tho finger 
and taken out. More chloride of calcium is then introduced, &c. As soon as a fresh 
portion of that substance no longer becomes pasty, the acid may bo decanted into a 
well-cooled bottle contiiining pulverised chloride of calcium, and finally into a clean 
])ottlc (Graclin). Or the iieid, after being left, for some time in contact with clilorido 
of calcium, may be distilhul off at the heat of the water-bath, the bottle being connected 
hy a lu'nt tube with a U-tuhe immersed in ice and salt. 

Another method is to pa.ss tho vapour of the aqueous acid directly over chloride of 
ealciiim, which ahstraets the w'atcr. A mixture of 8 pts. ferrocyanide of potassium, 

M pts. lumit tartar, and 1 pt. charcoal is fused in a covered crucible; the fused ma.ss 
dij^osted with six times its weight of water in a vessel which can be closed ; and tho 
cl(‘)ir solution decanted from the sediment of iron and charcoal into a tubulated retort, 
wliich is connected with a glass tube horizontal in the nearer part, bent downwards at 
a eerfain distance from the retort, and passing into a U-tube. This TJ-tube is placed 
witliina cylinder ('ontainiiig cold winter, tind is filled with chloride of calcium, excepting 
:it tlic end where the vapours enter, and at this end are placed small pieces of tho 
fused mixture above mentioned. The other end of the U-tul>e is connected hy a bent 
fiihc with the glass which serves ua a receiver, and is surrounded with ice, or better, 
with a freezing mixture. A cooled mixture of 1 pt. oil of vitriol (the fused mixture 
who.^c solution is contained in the retort being supposed = 2) and 1 pt. water, is then 
poun d into the retort by small portions at a time through a funnel-tube adapt^'d to 
thf tuhulns. The mixture starts spontaneously into strong ebullition, so that the sul- 
phuric acid must l»c added slow’ly ; and the greater part of the hydrocyanic acid distils 
ovf‘r without the application of heat. Finally, when all tho sulphuric acid has been 
aildcd, and the boiling has ceased, the retort is heated till tho contents begin to boil 
gently ; and the'cylindcr in which the chloride of calcium tube is immersed is om|>ti<‘(l 
of cold water, and filled with water at 30® — 35®, lo volatilise the pmssic acid tlierf* 
condensed, and cause it to piiss over into the receiver (W o li lor, JiarzeJius LvhrL i. 8 Kij, 
As the U-tubo sometimes becomes stopped up, Wohler further recommends that the 
nec k of the retort he inclined upwards at an angle of about 45®, and an intermediate 
vessel, containing a small quantity of chloride of calcium or cyanide of potassium, 
l>lace(l between the retort and the U-tube. The chloride of calcium tube and the in- 
tervening vessel are immersed, from the bc^'nning of the operation, in water at 30® C., 
and the prussic acid vapour is condensed in a tall narrow vessel, surrounded with a 
mixture of icc and salt; the acid is then obtained in the form of a crystalline mass. 

Anhydrous hydrocyanic acid is, at common tempera tun;s, a colourless 
of sp. gr. 0-7068 at 7° C., and 0*6969 at 18® C. (Gay-Lussac); it solidifies 
at 15^ C., in feathery crystals. It boils at 26-6® C. Vapour-density, 0-947 by experi- 
ment (Q ay- Lus sac), by calculation, - ^ t=a 13-6, referred to hydrogen as unity, 

= 13*5 X 0*0693 aa 0*9405 referred to air. It dissolves in water in all proportions, 
lenning a solution which is lighter than water, and reddens litmus slightly ; it is also 
miscible with alcohol. 

pie anhydrous acid or tho strong aqueous solution bums with a faint violet flame, 
t has a peculiar odour like that of bitter almonds. It is excessively poisonous ; a 
f ? anhydrous acid producing instant death when swallowed. The vapour 
ot the anhydrous or of the highly concentrated aqueous acid, is likewise instantly fiital 
^hen inhaled; the vapour diluted with air produces, when inhaled in small quantity^ 

* peculiar irritation in the throat ; in larger quantity, giddinofts and hcad-acho Tiie 
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dflote aqueous acid has a cooling taste, with pungent hitter aftertaste; it is much 
used in medicine to allay irritittion. , j j 

Decompoaithns.—l, The anhydrous acid quickly undergoes spontaneous decomposi- 
tion, giving off ammonia and leaving a brown substance. The aqueous acid undergoes 
the same decomposition, pa t of it beingK however, converted into formate of ammo- 
nium: CNH + 2ITO = C1I(NII')0-. The decomposition takes place more quickly as 
the acid is stronger; the addition of a small quantity of another acid renders it more 
permanent ; alkalis, on tlie other liand, accelerate the decomposition. Exposure to light 
also causes the change to take place more quickly ; hence the acid should always be 
kept in the dark, or in bottles covered with black paper. — 2. The vapour of liydro- 
cyanic acid piissed through a red-hot tube, is p.artly resolved into cyanopn and Iiydro- 
gen gases ; at the same time, however, a small quantity of nitrogen is set free and 
charcoal separated— 3. By clectricitt/. The vajxmr of hydrocyanic acid is but slowly 
decomposed by the electric spark, with separation of a small quantity of carbon. The 
aqueous acid is decomposed by the voltaic current, hydrogen being evolved at the 
negative pole, while the cyanogen set free at tlie positive pole either remains dissolved 
or unites with the metal which forms the pole.— 4. By oxidation. The anhydrous acid 
and its vapour, when set on fire, burn in contact with air or oxygen gas, producing car- 
bonic anhydride, nitrogen, and water. The vapour mixed with oxygen explodes with 
great violence on the passage of an electric spark. For complete combustion, 2 volumes 
of the vapour require 2^ vols. oxygen, and after the explosion, there remain 3 vols. 
of gas consisting of 2 vols. carbonic anhydridt? and 1 vol. nitrogen. Hence the com- 
position of the vapour is determined: for the 2 vols. carbonic anhydride contain 
2 vols- oxygen; consequently, the remaining ^ voL oxygen has been consumed in 
combining with the hydrogen (1 vol) to form water. Hence the 2 vols. hydrocyanic 
vapour contain 1 at. carbon, 1 at. nitrogen, and 1 at. hydrogen. Many metallic occidrs 
decompo.se hydrocyanic acid even at common temperatures ; peroxide of lead forms 
with it, according to Liebig, cyanide of lead, water, and cyanogen. — The vapour of the 
acid mixed W'ith hydrogen gas is completely absorbed by peroxide of manganese, with- 
out separation of cyanogen (Gay-Lussac). Basic metallic oxides generally con- 
vert the acid into water and a metallic cyanide. — 5. By chlorine. The anhydrous 
acid poured into a bottle filled with dry chlorine, and exposed to sunshine, forms hy- 
drochloric acid and solid chloride of cyanogen. 

In presence of aqueous vapour, but little chloride of cyanogen is formed, the chief 
products of the reaction being sal-ammoniac, carbonic oxide, and carbonic anhydride : 

2CNH + CP + 3H*0 = 2]SfH'Cl + CO + CO*. 

Chlorine gas passed into dilute hydrocyanic acid forms hydrocyanate of chloride of 
^anog^ C®N’*CP.CNH (Wurtz, Ann. Ch. Phann. Ixxix. 280). When chlorine gas is 
passed into a mixture of strong aqueous hydrocy:inic acid and alcohol, till carbonic acid 
begins to cscat>e, a crystalline compound, C’lPNClO*, is formed, sparingly soluble in 
cold water and in ammonia, somewhat more in boiling water, easily in alcohol and in 
ether. The same compound is formed on passing chlorine into an udcoholic solution of 
cyanide of mercury (y. v.) (S ten ho use.) 

6. Bromine decomposes the aqueous acid, forming bromide of cyanogen. 7. Iodine 
does not decompose the vapour of hydrocyanic acid (Gay-Lussac). With the 
aqueous acid it forms hydriodic acid and liberates cyanogen. (Porrott.) 

8. By acids. ^ Strong hydrochloric or moderately dilute sulphuric acid decomposes 
hydrocyanic acid in a few minutes, even in the cold, and more quickly with aid of heat, 
into formic acid and ammonia, CNH + 2IPO CH>0* + NH*. Hydrochloric acid 
acts more quickly than sulphuric acid; the latter, if too strongly heated, further 
resolves the formic acid into water and carbonic oxide (Pelouze, Ann. Ch. Pliarm. 
ii. 84), Small quantities of either of these acids, however^ retard the spontaucous 
decomposition of prussic acid. (Gm. vii. 403.) 

9. The fixed alkalis, at high temperatures, likewise resolve hydrocyanic acid into 
aintnonia and formic acid. 

10. Potassium bums when heated in the vapour of hydrocyanic acid, with formation 
of cyanide of potassium and evolution of hydrogen. 

Detection and Estimation of Hydrocyanic acid.-^l. Free hydrocyanic acid, if not 
tw dilute OP mixed with other odoriferous substances, may be recognised by its 
char^tcristic (p. 217b— 2. On making the solution alkaline with potash, adding 

a TOiuhon ^ of feprous sulphate oxidised by exposure to the air, and then sufficient 
hydrochlonc ^id to dissolve the precipitated ferroso-ferric oxide, ppussian blue remains 
undis^lved if hydrocyanic acid was present ; otherwise a clear yellow-green solution is 
formed. If the quantity of Ji vdrocyunic acid present is veiy small, the liquid appears clear 
At nrst, but after standing for some time, dop isits dark blue flocks.— 3. The liquid to 



CYANIDE OF HYDROGEN. 


2\9 


tested is mixed with a few drops ai ydUm ardphide (persulphide) of ammonium and 
tvaporated to dryness over the water-bath, to convert the hydrocyanic acid into sul- 
bhoeyanate of ammonium. On dissolving the residue in water and testing with ses- 
Quichloride of iron, the lic^uid assumes the deep blood-red colour of ferric sulpho- 
cyanato. This test, according to Taylor (Ann. Ch. Pharm. Ixv. 263), is capable of 

distinctly showing the presence 0^3^ of a grain of anhydrous prussic acid in a veiy 

dilute liquid, whereas the pnissian blue test will not detect less than ^ of a grain. 

—4, Hydrocyaric acid gives, with nitrate of silver, a white precipitate of cyanide of 
pilver, which dissolves in ammonia as easily as the chloride, but is distinguished 
therefrom by not blackening when exposed to light, and by dissolving in strong nitric 
acid at the boiling heat with evolution of carbonic acid. The precipitated cyanide 
sliaken up with dilute hydrochloric acid, emita the characteristic odour of prussic acid. 
^5. On rendering the l]q[uid alkaline with potash, then adding sulphate of CApper^ and 
just Huificiont hydrochloric acid to dissolve the blue precipitate of cupric hydrate, white 
oiiprous cyanide remains undissolved if the liquid contained prussic acid (Lassaigne). 
This reaction is, however, loss characteristic than those before mentioned, inasmuch 
as a similar etFect is produced by hydriodic acid. 

When liquids containing blood, articles of food, or parts of the animal body, are to l)0 
examined for prussic acid, as in cases of poisoning, advantage is taken of the extreme 
volatility of the acid, to separate it from the substances which might disguise its 
reactions. A good method of testing is to place a portion of the siuspected matter 
on a watch-glass, cover it with another watch-glass, on the concave surface of which 
is plac(‘d a drop of yellow sulphide of ammonium, leave it for ten minutes, then 
cva[)orate the sulphide of ammonium to dryness at a gentle heat, and moisten the 
residue witii a drop of solution of ferric chloride, wliich, if prussic acid was present, 
will produce tlie hlood-red colour above mentioned. If larger quantities of material 
have to bo operated on, it is best to distil off the acid at the heat of the water-bath, 
acidulating with tartaric acid if the original liquid is idkalino. The distillate may 
then h(? tested by any of the methods above given. 

Quantitative Estimation , — The strength of aqueoiLS prussic acid cannot be determined 
l)y its specific gravity, the variation from 1'6 to 16 per cent, being only from 0*9979 
to 0*9o70, The percentage of real acid is therefore determined by one of the follows 
ing methods : 

1. Ily Merc uric oxide. To a weighed quantity of the aqncous acid, a weighed quantity 
of tiiu'ly pulverised red oxide of 'mercury is added, by small portions and with agita- 
tion, till the hist portions added remain iindissolved, and tho odour of hydrocyanic 
flcid is no longer perceptible. The weight of the remaining quantity of mercuric 
oxide deducted from the ori^nal weight, gives tho weight of tho quantity dissolved ; 
and since 108 pts. of morciiric oxide require for solution 27 [^ts. of anhydrous prussic 
acid, it follows that 4 pts, of mercuric oxide dissolved indicate the presence of 1 pt. of 
anhydrous acid in the liquid under examination (Ure, Quart. J. of Sc. xiii. 321; 
also Schw'. J. xxxvi. 282). As the cyanide of mercury thus formed is capable of taking 
up more of the mercuric oxide,, even at ordinary teinperaturos, forming indeed, tho 
compound Hg"O.Hg"Cy*, this mtdhod is apt to give too great an amount of hydn)cyanic 
acid, especially if the liquid be not kept cool, and the addition of mercuric oxide 
stopped as soon aa the odour of hydrocyanic acid hu.s disappeared. Moreover, it must 
hrst be ascertained that the prussic acid to he examined is free from hydrochloric acid, 
which would likewise dissolve mercuric oxide. In Ihi.s case, Geoghegan saturates tho 
hydrochloric acid with carbonate of calcium before adding tho mercuric oxide. — This 
method is not applicable to cherry-laurel water, hitter almond water, &c., Tiecausp these 
waters contain a vegetable acid, probably benzoic acid, which likewise dissol\*C8 mer- 
curic oxide. (Duflos, Kastn. Arch. xiv. 88.) 

2. nitrate of silver, mixed with a small quantity of ammonia, snch that tho liquid 
Hit or precipitation may be rather acid tlian alkaline, is dropped into the hydrocyanic 
ju^nl, as long as any precipitate of cyanide of silver is produced ; the precipitate is col- 
lected on a small &ter, previou-sly dried at 100° C. and weighed ; and the precipitate 
Hnd filter are washed and dried together at 100° and w'eighed. 134 pts. of cyanide of 
Hdver indicate 27 pts. of anhydrous pnissic acid. The acid may also be precipitated 
I'y a mixture of nitrate of silver and ammonia, and nitric acid then cautiously added 

the liquid till a slight acid reaction is produced (Duflos). This method is the 
-^mst accurate of all. 

If tile liquid contains metallic chlorides, it is acidulated and treated with excess of 
nitrate of silver ; and the mixed precipitate of cyanide and chloride of silver is dried and 
Weighed as above, then treated with dilute hydrochloric acid, which converts it wholly. 
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into chloride of Bilror, and weighed again. By the conversion of the cyanide of 
silver into chloride, the weight increases by 9-6 pts. [36*5 (CL) — 26 (Cy.)j, bo that 
every 9*6 pts. increase in the weight corres{)onds to 27 pts. anhydrous prussic acid. 

The same method is applicable to the determination of hydrocyanic acid in presence 
of hydrobromic or hydriodic acid. From acids not precipitated by nitrate of silver 
from acid solutions, such as sulphuric and phosplioric acid, hydrocyanic acid is easily 
8eparat.<?d by this reagent. 

3. Volumt tric method. — 1 at. eyanide of pQtassium forms with 1 at. cyanide of silver a 
soluble doulile cyanide, which is not decomposed by excess of alkali. If, then, a liquid 
containing hydrocyanic acid be mixed with solution of caustic potash till a strong alka- 
line reaction is produced, and then with a standard solution of nitrate of silver tillth« 
liquid begins to show turbidity, 1 at, of silver used will correspond exactly to 2 at. hydro- 
cyanic present in the liquid. If the silver^.solution be prepared by dissolving 3*160 grin, 
fiised nitrate of silver in water, and diluting the solution to 1000 cub. cent., each cub. cent, 
of it uswl will correspond to 1 milligramme of anhyilrous prussic acid. The presence 
of formic or hydrochloric acid has no influence on the result. This method is quite 
as accurate as tlie last, and is applicable t.o bitter almond water and laurel water, as 
well as to medicinal prussic acid. Bitter almond water, which is turbid from the pre- 
sence of oily ilrops, must first he mixod with throo or four times its bulk of water, to 
render it clear; otherwise the limit of the reaction will not be seen, (Liebig, Ana. 
Ch. rharm. Ixxvii. 102; Cheni. Soc. Qu. J. iv. 219.) 


Compou'nds of Hydrncyanic acid with Metallic Chlorides, 

Jlydrocyavate of Antimonic Chloride, SbCF.3TTCy. — When the vapour of anhy- 
drous prussic acid is brought in contact with pen tachlorido of antimony heated to 30° (\, 
this compound is produced in the form of clear definite prisms, which volatilise 
bi'tw'een 70^ and 100*^ C., but at tho same time undergo partial decomposition, even in 
an atmosphere of carbonic acid. Tlio compound is deliquescent ; docs not fume in the 
air; is decomposed by water, with separation of antimonic acid; and unites with am- 
monia, forming a brown-red pulverulent mass. (Klein, Ann. Ch. Pharm. Ixxiv. 86 ) 
nydroryamte of Ferric Chloride, Fe-CF.4IIOy.— Sublimed ferric chloride and 
anhydrous pniasic acid unite, with a hissing noi.se, and form a brown-red liquid, 
which soon solidifies in the crystalline state. Tho compound deliquesces in the air, 
giving oflP hydrocyanic aoi<l; melts at 100^ C.; and unites wdth ammonia, forming a 
greenish black powder, which dissolves in water, with separation of prussian bine 
and therefore contains dichloride of iron. The compound, when heated, yields 
ftmiginous sal-ammoniac, hydrocyanic acid, and protocliloride of iron. (Klein, 
loc. Git.) ^ 

Hydrocyanaie of Stannic CUoride, SnCP.2HCy.~Tetrachloride of tin unites with 
anhydrous prussic acid, without sensible rise of temperature, forming a solid ciystal lino 
body ; if the acid in the gaseous state be passed through a tube in which the stannic 
chloride is placed, so as to expose a large surface, the compound will bo obtained in 
fine cprstals. The ciystals are coloiirless, refract light strongly, and appear to bo iso- 
morphous with tlie corresponding titanium-compound. In a stream of dry air they 
volatilise^ quickly as anhydrous prussic acid, l)econiing at the same time white and 
opaque. They are decomposed by water and by damp air. They unite with ammoniacal 
gis, forming a white substance which may be sublimed. No analysis was made of 
this compound, on account of its great volatility; but it appears to be analogous to 
the titanium-compound. (Klei n, /ec. cfL) ® 

noured^hX'tSvaclfloWdp”^^ TiCK2nCy.— When anhydrous prussic acid is 

TOml'm.ition ti.kes place, attended with rise of 
temperature and cballition (on wliieh account tho sulwtances must be cooled to 0° G. 
before mixuw, or the hydrocyanic acid must be passed in the form oT^s toto tlie 
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iridiocyanides, dMCy.IrW « M“Ir*Cy“, anulogoua to the ferricyanideH. They 
have boon chiefly studied by C. A. Martins. (Ann. Ch. Pharra. cxvii. 367.) 

Iridiocyanide of Barium^ Ba^Ir^Cy** + 18aq.— To prepare this salt, platiiii- 
forous iridiocyanide of copper, obtained in the treatment of platinum-resiuuos by 
Martins’ method,’* is digested with barytii-water, the excess of baryta removed by 
Ciirbonic acid, and the filtrate left to crystallise : it then first deposits crystals of 
pi ati nocyanide, and afterwards of iridiocyanide of barium. The latter forms hard 
trunsparcat crystals belonging to tho trimetric system, and efflorescing in the air to a 
white powder still redlining 3 at. water. The salt dissolves easily in water, is insoluble 
in alcohol, and scarcely decomposiblo by acids. ’I’ho aqueous solution forms with 
ciipric salts a light blue precipitate ; with mercuroua^ ferrous, had, and sine salts, 
white; and with ferric salts a yellow precipitate. 

Iridiocyanide o f Hydrogen, H^Ir-^Cy'*.— Obtained by decompo.sing the barium 
«}ilt with sulphuric acid, exhausting with ether, and evaporating. It forms small 
white crystalline crusts ; has a strong acid reaction ; deconiposes carbonates ; dissolves 
easily in water and in alcohol, with dilflciilty in ether; and has a nauseriiis metiillic 
U.sto. Above 300° C. it assumes a colour varying from yellow to dark green, and 
gives off prussic acid. The aqueous solution mixed with hydrochloric acid deposits 
after a while, green tricyaiiido of iridium. (Martius.) 

Iridiocyanide of l*otassium,K^\j^Cy^'^. Prepared: 1. By gently igniting a 
inixturo of forrocyanide of potassium and metallic iridium in a glass flask, cxliausting 
the nia.ss with Ik A water ; filtering and evaporating, ilio liquid then depositing, first, 
crystals of lernK’yunide of potassium, and afterwards of the iridiocyanide (Wohler 
and Booth, Pogg. Ann. xxxi. 107). — 2. By melting chloriridiate of ammonium with 

i)t. pulverised cyanide of pot-assium in a porcelain crucible for 10 or 16 minutes, 
dissolving the mass in boiling water, and leaving the liquid to crystallise by coiding 
((’Ians, Jahresber. f. Cheni. 1856, p. 446). — 3. By decomposing the copper-salt with 
(Mitasli-ley, or tho barium-salt with sulphate of j)otassium (Marti us). The salt is 
atiliydrous, in.soluhlo in alcohol, easily soluble in water, and separates from the 
a»jn()ou.s solution in largo, transparent, colourless, prismatic twin-crysbils belonging to 
the trimetric .system. It is not decomposed, even by iguition iu a current of chlorine 
or hydrochloric ncid. (Martins.) 

llarnnielsbeig’s analysis of this siilt agrees best with tho formula K^Ir'-'Cy’®, or 
4K(?y.rr‘Cy® ; but th(}.se of Claus and of Martius lead to the formula K^Ir^Cy*^, 
corrosjioiiding with those of the other iridiocyanides. 

CTANIBES OP ZROir. (.Scheelo, Opmculafu. 148, — lit n o T, Beitrdge 3 nr 
(kschihk dcr lUuusaurc, Frcib. Const. 1809.— Proust, Ann. Chim. lx. 186 and ‘226.- - 
Vauqut'lin, ihid. v. 113. — Berzelius, Ann. Ch. Phys. [2] xv. 144 and 226; Pogg. 
Ann. XV. 386.— Porrett, Phil. Trans. 1814, p. 627 ; Ann. Phil. xii. 214; xiv. 206. — 
Jvobiq net, Ann. Ch. Phys. [2] xii. 276; xtii, 196; xliv. 279. — Thomson, Ann. 
Pliil. xii. 202; xv. 392; xvi. 217. — Gay-Lu.ssac, xlvi. 73.— L. Gmelin, 

•Scliw. J. xxxiv. 325.— Pulouzo, Ann. Ch. Phys. [2] Ixix. 40. — Kammelsberg, 
lA'gg. Ann. xxxviii. 361 ; xlii. 3. — Bunsen, xxxiv. 131 ; xxxvi. 4(54. — William- 

son, Ann. Ch. Pharrn. Ivii. 226.— Gm. vii. 429. — Gerh. i. 320.) 

The dicyaiiido aiid-tricyanide of iron have not been obtained in very definito 
turm. On adding cyanide of potassium to a ferrous salt, a yellow'i.sh red floeculent 
precipitate is formed, consisting essentially of ferrous cyanide, PeCy. but uIwmvs 
containing a certain quantity of cyanide of potassium, smaller, however, the more tlio 
iron-salt is in excess. This precipitate dissolves in excess of cyanide of potassium, 
and is converted into ferroevauide of p)ta.sHium ; dilute potash-ley also converts it 
into feiTOyanide, with separation of ferrous hydrate: 

3Pe''Cy‘^ + 4KHO =* K‘lVXy + 2Fe'H*0^ 

n expr)sed to the air, it takes up oxygen and turns blue. (Fresenius, Ann. (Mi. 
Bharm. cvi. 210.) 

Tricyan i do of Iron, or Ferric Cyanide, (Fe*g*Cy®, is not known in tho solid 
form. Ferricyanide of potassium forms with trichloride of iron a dark brown 
liquid, which may bo regarded as a mixture of chh^ride of p(Aa.ssium and tricyanidc 
of iron : 

K*Fe*C>'=» -h Fe^CP * 6KC1 + 2Fe*Cy®; ^ 

* t:iil(iilridiate of ammonium (containing platinum and ruthenium) is fusoil with 1 ^ p(. cyanido of 

P|'Ktssiiim, the r(K)h'd mass dissolved in a very small quantity of water, and the yellow hitrnte (after 
ail the tree cyanide of potassium has been dccumpusetl by dilute hydrochloric acid; is precii itatcd by 
KUpnate of cofrper, whereby a precipitate is formed cuntisUng niainly of platinocyanidc and Iridiocyanide 
01 copper. (See laimuM and Vlatisum-metau.) 
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but this solution decomposes on ovapomtion, becoming covered with a film of prnssian 
blue, and giving otf cyanogen or chlorine gas, according as the cyanide or the chloride 
is in excess. Neither is ferric cyanide olitained by adding cyanide of potassium to 
ferric chloride, the products formed being chloride of potassium, free hydrocyanic acid, 
and a precipitate of ferric hydrate. 

Some of the compounds called prussian blues have the composition of cyanides 
of iron, intermediate between the di- and the tricyanide ; but, from their mode of 
formation, they appear rather to be double cyanides. 

The dicyanide and tricyanido of iron unito with other metallic cyanides, forming 
two voiy important groups of compounds, viz. : 


Perrocyanides 4MCy.Fo"Cy* « M*Pe"Cy*. 

For forrocyanidos and forricyanidos containing metals whose combining capacity is 
greater than unity, the formulte will of course bo modified ; thus: 


Ferrocyanido of Barium, 2Ba"Cy*.Fo''Cy* r= Ba*Fo'’Cy*. 
Ferricyanide of Barium, 3Ba"Cy%Fe*Cy“ = Ba*(Fo*)^‘Cy’*, 


The formul® of the forrocyanides, when doubled, differ from those of the corre- 
sponding ferrocyanidos only by 2 atoms of univalent, or 1 atom of bivalent metal; 
and, accordingly, it is found that the former are easily converted inb^ the latter by 
the action of oxidising (metal-abstracting) agents, and tho latter into the former, by 
the action of reducing (metal -adding) agents. Thus ferrocyanido of potassium 
K*FeCy*, is easily convertcfd' into tho ferricyanide, K«Fo'Oy'*, by the action of 
chlorine, and many doublo ferrocyanides may be formed from ferricyanides by tho 

action of alkalis in presence of a rwliicing agent, e,g. ^ ^'’c Cy*, from K"Fo^Cy**, by 

the action of ammonia in presence of grape-sugar. For the several views entertained 
respecting tho composition of those doublo cyanides, sijo page 201. 


Forrocyanides, MMV'Cy*. 


Ferroprassiatfift, Hgdroff. rroeganates— Th(s ferrocyanides of tho alkali-metals are 
obtained by neutralising forroprussic acid with caustic alkalis or alkaline carbonaU'S ; 
by dissolving dicyanide of iron in aqueous solutions of alkaline cyanides, or in a 
mixture of alkaline carbonate and hydrocyanic acid ; by treating- dicyanido of iron, ot 
a mixture of thjit compound with the tricyanido (prnssian blue), with an aqueous 
alkali, whereby protoxide or sesquioxido of iron is formed; or by treating protoxide 
*of iron with tho aqueous solution of the eyaiii<lo of an nlkali-metal, in which i< 
dissolves with formation of alkali. Tho insoluble ferrocyanides are obtained by 
pTccipitjvting a soluldo ferrocyanido with tho solution of tho salt of an earth-metal or . 
a heavy metal : c.^. the copper-compound : 


K«FoCy'« -I- 2CuSO< WFcCy" + 2K«SO*. 

fi*rrocyanidos of the alkali-ractals arc colourle.ss in the anhydrous, but yellow in 
the hjrdrated state ; they exert no action on Tcgclable colours, have a faintly saline 
and bitter taste, and do not cxliibit tho violent action of hydrocyanic acid dll' > the 
animal economy. The ferrocyanides of the earth-metals are white, and among. thass 
of the heavy metals, some are white, while others are distinguished by bright colours. 
II on w the use of alkaline ferrocyanides to discover the presence of titanium, tantalum, 
molybdcmim, uranium, cobalt, nickel, and copper; but antimony, tellurium, platinum, 
indium are not precipitated by alkaline ferrocyanides. 

Those ferrocyanides which are deprived of all th(ur water by a gentle heat, are 
decomposed at a higher temperature in the following manner: the cyanide of iron is 
alwom conyo^d into carbide of iron, with evolution of nitrogen gas; but the Other 
cyanide which is assonated with it, either remains undecomposed, which is the case 
with cyanide of pota^mm, or is resolved into nitrogen and a metallic carbide, as with 
cyanido of lead ; or into cyanogen gas and metal, us with cyanide of silver. If, how- 
eve?i the ferrwjyanidcs ^ not completely dehydrated before being subjected to 
destiuctive distmation, they give off hydrocyanic acid, carbonic acid, and ammonia, 
and leave the two metals combined or mixed with a greater or smaller quantity of 
voltaic battery, tho aqueous solutions of the allcaline 
negative pole, and hydrocyanic acid and prussian blue 
at the p^itive pole, unless the positive polar wire is of copper, in which case tho 
dep^t there formed consists of cyanide of copper (Porre 1 1). When ferrocyanides are 
With ou of vitnol to a temperature much above lOO^O.. thov trivo ofl^ with strong 
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ffft'rvescence, pnlphnTOus and carbonic anhydrides, and nitrogen, leaving a compound 
of sulphuric licid with ammonia, oxide of iron, and the oxide of the other metai 
(Berzelius). B(^Kide.s the gases just mentioned, a large quantity of carbonic oxide is 
( volved, and a small quantity of sulphate of ammonium volatilises (Bunsen, Pogg. 
Anu. xxxiv. 132). See BERUocYANroE of Potassium. The stronger acids withdraw 
the other metal from ferrocyanidcs, and thereby separate ferroprussic acid : 

Pb^Fo^Cy" + 2n‘ASO^ = H^FeCy + 2PbS0\ 

A similar effect is produced by sulphydric acid, if the other metal bo procipitablo from 
its solutions by that reagent. Many ferrocyanidcs of heavy metals are decomposed by 
aqueous alkalis, yielding an alkaline femjcyaiiide and a hydrate of the hoa^^ metal : 

Cu^FeCy* + 4KnO = K^FeCy* + 2CuH*0*. 

Kiithcr alkalis nor sulphydric acid decompose the cyanide of iron contained in ferro- 
oy all ides. 

* Most ferrocyanidcs unite in their entire state with strong sulphuric acid, forming a 
kind of salt, in which they constitute the base. Their powder soaked in cold oil of 
vitriol swells up to a pasty compound, with loss of colour, and considerable evolution 
of heat, and, according to the nature of the met^il present, either dissolves completely 
in a large excess of the acid, or remains almost undissolved, forming a solid compound 
with it. These compounds remain undecomposed even at temperatures much above 
lOO'^C. If a small quantity of water be added to the resulting solutions, e.g. by ex- 
pn.Ming them to the air, they frequently deposit a crystalline compound, which contains 
loss suljihuric acid, and when treated with a larger quantity of water, is resolved either 
iulo ferroprussic a{'id and a compound of sulphuric acid with the other metallic oxide, 
or into metallic fcrrocyanido and dilute sulphuric acid. (Berzelius, Schw. J, 
XXX. 35.) 

Fe u It oc Y A N i n E o F A L u M I Ni u M, obtained by saturating ferrocyanido of hydrogen 
(ferroprussic acid) with alumina, is uncrysttallisable, and decomposes by evaporation. 

Fcrrocyanido of jxitassium added to an alnminiiim-salt, even if strongly acidulated, 
throws down the Avliole of the aliiininiiim in the form of a white j)rccipitato, which 
yi(.‘ldK by analysis 14*87 per eent. aluminium, and 22'3r) iron, and may therefore be 
rcpresentcil by t lie formula 2APCy“.3FeCy2, or (AF)»‘*(Fe'')*Oy'" (calc. 14*70 aluminium, 
ntitl 22*o3 iron), wliich is that of a prussian blue (p. 320) in which part of the iron 
(that which enters as ferrivurn) is replaced by an equivalent quantity of aluminium. 
(0. Tissier, Ooinpt. rend. xlv. 232.) 

Fe u n 0 € Y A NM I) E o F Ammonium, (NII^)^F<3Cy* + 3aq., is obtained by saturating 
ferroprussic aoi«l with ammonia, or by decomposing ferrocyanide of lead with carbonate 
of ammonia, and precipitating the filtered solution with alcohol, as the salt would bo 
di>roiuj>os<Hl by evaporation. It forms palo yellow, transparent, octahedral crystals of 
the dimetric system, isomorphous, or rather homoeomorphons, with ferrocyanide of 
potassium. Ordinary combination P . oP. Length of principal axis ■■ 1*789. Incli- 
nation of P : P in the terminal edges = 97® 46'; in the lateral edges = 136® 52*. 
They are permanent in the air, very soluble in cold water, insoluble in alcohol. 

The solution of this salt mixed with chloride of ammonium and coneentpated, yields 
rhoiiibohedpil crystals of CMornfcrrocyankh of ammonirim^ (NH^)^FeCy*. 2Nn*Cl + 3 aq., 
which are transparent, with a yellowish colour and glassy lustre, permanent in the air 
and very soluble in water. The crystals are sometimes rhombohedrons R, sometimoa 
in the^ form of the next acutor rhombohedron, -- 2R, sometimes 
exhibiting the combination R , oR . — 2R { fig, 360). Length 
of principal axis for R **= 1*0325. Inclination of the faces 
K : R, forming the terminal edges of the hexagonal pyra- 
mid, = 96® 52'; R; oR 129*59; R: -2R = 126® 69'; 

-- 2R : oR = 112® 45'. The solution is decomposed by boil- 
ing, and deposits cyanide of iron. (Bunsen.) 

The analogous compound, Bromo-ferrocyanide of ammo- 
(NH^)<FeCy®. 2NH^Br + 3 aq. likewise forms rhom- 
liohedral crystals permanent in the air and very soluble in 
water. They exhibit the same faces as those of the preceding compound, but wiUi Af- 
ferent inclinations, the rhombohedron — 2R also predominating. Length of prinoir^ 
axis for R = 0*9868. Inclination of R: R in the terminal edges »• 98® 49 ; — 2B: 
-2R « 750 5' (Himly and Bunsen, Pogg. Ann. xxxviii. 208.) 

^'errocyanide of Ammonium and Potassium, > FeCy*. — Obtained by the aetioii 


Fig. 360. 
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of ammonia on ferricyanido of potasBiuiu in presence of reducing agents, such ay 
grape- or milk-sugar : 

K«Fe*Cy« + (NH«)'-*0 O * 2(NII*)K»FeCy*. 

The ammonia should Imj pourod on a mixture of about 20 pte. ferricyanide of pfjtay- 
sium to 1 pt. sugar; the mixture left to sbiiid for some days in a loosely stoppcml 
bottle and frequently shaken ; and when its cedour has changed to a pure yellow, tlie 
salt should be precipitated by alcohol and recrystallised Irom water, as it is liable to 
decompose if evaporated in presence of the reducing agent. The salt forms pule 
yellow square prisms, easily soluble in cold, and stilf more in hot water. When 
heated, it gives off hydrocyanic acid and cyanide of ammonium. With metallic salts 
it yields tlio same preci pi bites as ordinary yellow pnissiato. Uoatod with fixed alloilis, 
it gives off ammonia and yields salts of similar constitution ; e.g. with soda, the salt 
K>NaFuCy«. (Kei n d el, J. pr. Chem. Ixv. 450.) 

Another ferrocyanide of ammonium and potsissium, (NIT^)''‘K‘‘*FeCy‘', is obtained by 
docomposinfe llm corresponding barium-salt, BaK'^FoCy", with sulphate of ammoniuin; 
or by action of ammonia on ferrt^yauide of iron and potassium : 

+ 2^NHMI.O) = + 2(FoHO). 

(Roindol, J. pr. Chem. Ixxvi. i42.) 

Fbuuocyanidk of Bauium, Ba^FeCy® + Oaq. — Obtained by .saturating ferro- 
prussic acid with baryta-water or airbnnate of barium ; by decomposing prussiau blue 
with baryta-water at the boiling heat, filtering at the same temperature and leaving 
the solution to crystallise; or by decomposing a solution of ferrocyanide of potassium 
with chloride of barium at the boiling heiit, the latter being used in considerable 
excess (more than 2 at. chloride of barium to 1 at. of the yellow prus.siate), and again 
lx)iling the crystalline powder which sop.'irate8 on cooling, w'ith chloride of barium. 
If the chloride of barium is not present in considerable excess, a double ferrocyanide 
of barium and i>otassium is produced. 

Ferrocyanide of barium may also bo protUicod by the action of ferrous sulphate on 
cyanide of barium (3BaCy + FeSO* = Ba'^FoCy" + BaSO‘)» which, acconling to 
Margucritte and Do 8ourdeval (p. 203), may easily be obtained by passing a current 
of air over an ignited mixture of charcoal and carbonate of barium. If this process 
should fulfil the expectations of its authors, ferrocyanide of barium may take the place 
of the potiissium-salt for the preparation of certain lorroeyimides used in the arts, 
being easily converted into fcrn)prussie acid by tlie action of dilute sulphuric acid, into 
[)ru.ssian blue by ferric salts, &c. 

Ferrocyanide of barium crystallises in ttuttened, oblique, rectangular, monocliiiic 
prisni-s, yellow, uon-ettiorescout, soluble in 584 pts. of cold and 110 pts. of boiling 
water (Duflos). At 40° C. they give ott’ of their water, and become white and 
opaque, the rtMiuiining not being evolved fill the salt begins to docom|)OHe. At a 
red heat, it gives off nitrogen, and leaves a mixture of carbide of iron and carbide of 
barium, or, if in contact with the air, a mixture of ferric oxide and carbonate of barium. 
On piissiug chlorine through the aqueous solution, it becomes turbid, acquires a 
g;rt'ienisli- 3 'ellow colour, deposits a green powder, then becomes brown and dark-red, 
and is decomposed by evaporation, depositing a bluish-white powder, but no 

Ferrocyanide of Barium and Potassium^ (Ba''K*)FeCy* 
+ 3 aq., is produced by mixing the boiling concontmted 
solutions of 2 pis. ferrocyanide of potassium and 1 pt. 
chloride of banuni, and crystallises on cooling in small, 
light-yellow rhombohedrons, truncated by the face oR. 
Length of principal tixis — 1*570. Inclination of B : B 
ill terminal edges - 98° 33'; R : oR = 118° 53*. 

The ciyrstals dissolve in 38 pts. of cold and 9*5 pts. of 
boiling water. 

By treating the solution of this salt with soluble .sul- 
phates, a number of other double ferrocyanides containing 
potaMiura may be obtained ; thus, with sulphate of am- 
monium : 

BaK*FoCy« + (NH*)W - BaSO* -t (NH<)*K<FeCy. (Reindel.) 

The acid sulphates of the alkali-metals, in presence of an oxidising substance, con- 

rt it into ferricyanides of alkali-metals, thus : 

2BaK*FeCy* -i- 2KHSO* -i- O = 2K*FeCy® + 2BaSOf + H*0. 
(Roindol, J. pr. Chem. IxxyI* 312.) 


Fig. 361. 
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Fbrbocyanidb of Bismuth. — Nitrate of bismuth forms with ferrocyanide of 
potassium a white, yellowisli-white, or yellow precipitate, which afterwards turns green. 
It dissolves in nitric acid, and is precipitated therefrom l)y water. 

Ferbocyanidb of Cadmium is a white precipitate soluble in ammonia. 
Fekhocyanide of Calcium, Ca^FeCy* + 12 aq., obtained by boiling pnissian 
blue with milk of lime not in excess, evaporating the filtrate to a synip, and leaving it 
to crystallise, forms large flattened rhombic prisms, of a light yellow colour, very 
bitter and disagreeable taste, very soluble in water, insoluble in alcohol. 

rnissiiin blue, boiled or digested with excess of lime, yields basic compounds, oi 
oxvferrocyanides of calcium, (Cm. vii. 482.) 

Fcrroci/onidc of Calcium and Potassium.^ (CaK'‘*)FeCy* + 3 aq., is obtaii\cd as 
a j^idlowdsh-white crystalline precipitate on adding ferrocyanide of potassium to a 
gohition of a calcium-salt, not too dilute. 

Fkkrocyanidb of CEUiUM.-^Wliite precipitate. 

Ferrocyanide of Cobalt, Co^FeCy*. — Pale blue hydrated precipitate, which, 
when can'fully heated, gives off the greatp part of its water, and a.ssiimes .a dark green 
colour. If it be then heated to 360° C., it becomes light green, giving off water and a 
small quantity of cyanide of ammonium. When more strongly heated in a close vessel, 
it gives oft' nitrogen, and leaves a mixture of the carbides of iron and cobalt, which 
plows when raised to a higher temperature. The compound dissolves easily in strong 
sulphuric acid, forming a red liquid, which, after some time, deposits stdpkale offerro^ 
luntnide of cohalt, as a rose-coloured, cr 3 "stalliuc powder, which is decomposed by' water 
(llorzoliiis). FeiTocyanide of cobalt dissolves in ammonia and in carbonate of am- 
' i ttst ein), not in sal-ammoniac. (Brett.) 

r'F.R kocyAnides of Copper. Cuprov s F errocyanide, 2(Cu2)*'Cy^Fe"CV'*.— 
I'( 1 pocyaiiide of potassium added to a solution of cuprous chloride in hydrochloric 
arid, throws down wdiite flakes which, when cxpo.sed to the air, or to the action of 
chlorine-water, Ixjcomo puTqfle-rcd, and are conveitod into cupric ferrocyanide 
(Fro list). Cuprous ferrocyanide is likewise obtained by the action of acids on the 
following compound (Schulz). It dissolves in ammonia, but not in ammoniacal 
Balts (AVittate in). 

Potamo-Ciiprous Ferrocyanide, Cu'^K^FeCy* + 3aq. = + 3aq. 

A^^l(>n precipitated cupric ferrocyanide is added to a solution of cyanide of potassium, 
cyanogen is evolved, and a light yellow solution is formed, which, if the cyanide of 
potassium is not in excess, deposits, first a deep red preeipitate, and after flltnitioii, 
small square prismatic ciyrstals, of a dark red-brown colour, and having tlie composition 
iinlicatod by the above formula. Idiis compound is more easily obtained by dropping 
a solution of cupric sulphate into u mixture of cyanide and ferrocyanide of potassium, 
t.ien heating the liquid and leaving it to itself. The crystals give off water at 100° C, 
and turn black; they are insoluble in w'ater, ether, and alcohol, but soluble in cyanide 
of potassium. Boiling w'ater decomposes them, with formation of f(*rrocynnido of 
potassium. Acids also decompose them, sex^arating white cutirous ferrocyanide (C. 
Schulz, J. pr. Chem. Ixviii. 267.) 

Cyanide of Potassium, Cif 2 )rosum and Ferrosum, [R*(Cu®)"Fo" 103 '^ + 4aq. A liquid 
consisting of cyanide of potassium and sulphate of copper containing iron, which 
had been used for coppering by electrolysis, and had stood for a long time in an im- 
perfectly closed vessel, was found to have deposited brown-red octahedral crystals, 
resembling chrome.-alum, and agreeing in composition with the above formula. The 
BiiTne salt was obtained, in the form of a chocolate-coloured powder, by boiling cuprous 
cyanide with solution of ferrocyanide of potas.sium, and leaving the liquid to cool. 
(Bolley and Moldenhauer, Ann. Ch. Pharm. cvi. 228.) 

W T ^ Moldenhaucr’s analysis, the cry.stals contain 4 at. water ; according to 

for (Chem. Soc. J. xv, 357), they contain 5 at. water, and have the form 
ot the cubo-octahedron (fiy. 176, p. 124). 

[For Kuhn’s experiments on the action of ferrocyanide and ferricyanide of potassium 
on the oxides, sulphides, and cyanides of copper, see Ann. Ch. Pharm. Ixxxvii. 12?.] 

Cupric Ferrocyanide, Cu*FeCy».— Ferrocyanide of potassium added to excess 
^orms a dark purple-red precipitate. The liquids, if concentrated, 

1 f * magma when stirred ; if more dilute, they yield thick flakes ; and if very 
oimto, the mixture assumes a beautiful red colour. Tliis precipitate, even when a 
arge excew of copper-salt is used, carries down with it a large quantity of ferro- 
y.mme of potassium, which cannot be removed by washing. If, therefore, the 
1 t*cipita^ be suspended in water, and decompiosed by sulphuretted hydrogen — 
nicti tAkes a long time — a strongly acid liquid is obtained which, like ferroprussic 
^ aepoeits prussian blue on exposure to the air, and forms a blue precipitate with 
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ferric ealte, but is not prccipibitod by ether, except on addition of hydrochloric acid. 
It contains H'KiVCy" (Williamson, Ann. Oli. Pharra. Ivii. 246). According to 
Karamelsberg (Po^. Ann. Ixxiv. 06). acetate or sulpha c of Clipper niix^ w.th 
forroprussic acid yield? pure ferna-yanide of copper, which, alter dryin* <«rc^ sulphuric 
acid, ^contains Cu’^FoCy* + 7aq. ; accoitling to Jloulhiers, however, it contains 

%w’4ivM'up only a part of its water when gently heated and at a stronger 
heat evolves hydrocyaiiute of amraunm as wrll as water (\ a.iKiuolin), also wl^nate 
of ammonia and iiitrugen gas (13 e rsel i u s). The residue it more strongly ^atM m 
a retort, exhibits a faint glow, ami appears afterwards to be comiiosod ol 1 at* bicar- 
hide of iron and 2 at. moiioearbide of copper (Bor>!eliii8). Aqueous potash decom- 
poses the salt, producing lerrocvanitle of potassium and liyd rated cupric oxide (1 1 1 n o r). 
In oil of vitriol, which dissolves but littio of it, the salt assiinios a greenish yello^y. 
white colour • but on subsequent immersion in water, which withdraws the sulphunc 
acid, it resumes its dark red colour (Berzoli us). It is insoluble in water and in acids, 
which do not docompo.se it ; also insoluble in ammoinacal salts. (Bret t, Wi.tUtei u.) 
It dissolves, howovo.-, in aqueous ammonia, forming a colourless solution, which on 
evamn*alj<m leaves tlio cupric feiToeyanide with its original colour. his reaction 
nffoi-ds the means of detecting extremely small (plant it i('S of copper, even wiion 
associated with other metals. (Warington. See p. 56.) . , ^ 

Tctritmim^nio’cupric Furrocr/anide, 4Nll*.Cu‘‘'lHi( -y** + nq , or Fcrrocfjnnide of Cu^ 
ijraminanium, (Nni^Cu'j-.IV'Cy® + aq.-Produced by addiqg Ibrrocyamde of 
potassium to a solution of nitrate of ciipramiuoniufu (or of any cupric salt conUining 
sufftcient ammonia to form a clear solution). It is a pile yellow crystalline ^^wecipitato, 
soluble in free ammonia, insoluble in water or alcohol. .Dilute acids withdraw the 
ammonia, leaving red-brown cupric fcrro(;yanide. (Mont hie rs, J. Pbarm. [5] xi, 
249; Bunsen, Pogg. Aim. xxxlv. 134.) 

Ovtammoiiio-cuprio Ferrocyanide, 8Nn*.Ca-Fo(.y, or Ferrocyanide of Ammo-cn- 
franmonium, [N'*.B\Nl.l‘)‘Cu"]*'FcOy''.---Ciq..rie ferrocyanide, or tho preceding am- 



adding a cupric salt, dix>p by drop, to excess of ferrocyanide of p<)t{issium. [According 


to liaramelflberg, however (Fogg. Arm. Ixxiv. 65), the precipitate thus fonn^l^ci^n- 
tuins water ami is composed according to tho improbable fomiida Cu*FeCy.K''‘FbOy* 
+ 2aq. WheUrOn tlio other hand, the ferrocyanide is dropped into excess or the cupno 
salt, tho precipitate hus the composition 2(t’uK'FeCy®.aq.) + 9(Cu^FeCy®.7aq.) 
Jahresber. f. Clieni, 18i7~8.] 

Tho compound CulO'FoCy" also ixmsiitutcs the dark red precipitate mentioned as 
produced in the proparation of potnssio-cuprous cyanide, wlieii a comparatively small 
quantity of cyanide of pota.ssium is used. (Schulz.) 

Tho corresjiondirig t^odium and avimnnium compounds are obtainod in like manner. 
The latter, ('u(Nll‘)-FeCy‘‘, is a scarlet cry.stalline body, which turns brown on 
drying. (Schulz.) 

Fubhocvanuie of Ethyl, (C-IP)B'VCy*,— Wlieu hydrochloric acid gas is 
passed into a well-cooled alcoholic solution of forroprussic acid, colourless crystals are 
obtainod which, after drying for a certain time over lime, consist of (0*H*PFeCy* 
+ 2C‘H^Cl -f 6aq. Their concentrated alcoliolic solution, mixed with ether, doposits 
nacreous crystals of pure ferrocyanide of ethyl, (C2lP)‘FeCy* + 6aq. Both compounds 
become anhydrous by continued exposure over lime. The corresponding methyl and 
flw^^cuin pounds ap])ear also to exist. (H. Buff, Ann. Oh. Pharm, xci, 253.) 


Frukocyanidf. op Htdhookn. Ferroprussie or Hydroferrooyanie 
acidy U^FeCy* = 4HCy.Fc^'Cy'-. Ferruretted Ch/aeic aoid, Fisenhlauedure, Wae- 
eerdoffeUencyaiiur^ Ff^rrncyanwaescrsUtjj\sdure, This acid, discovered by Porrett 
(Phil. Trans. 1814, p. 627), is obtained by decomposing ferrocyanide of barium with 
sulphuric acid, ferw.yanide of potassium with tartaric acid, ferrocyanide of lead or 
copper with sulphydric acid, op prussian blue with very strong hydrochloric acid ; 

Fe»Cy>» + 12HCI = 8HToGy« + 2Fe«Cr. 

A good method of preparing it is to dissoh'o feri*ocyanido of potassium in a small 
quantity of water, boil tho solution to expel the air, leave ittoc(X>l in a stoppered 
bottle, then mix it with strong hydm*hloric acid, also freed from air, and shake up the 
liquid with ether. The ferroprussie acid is then precipitated in thin white scales, which 
mny l>e collected on a tllter, w'sshed with ether-alcohol, pressed, and dried in vacno 
over sulphuric acid (Posse It, Ann. Ch. Plnirm. xlii. 163). It is belter to separate tho 
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acid from its solution by precipitation with other than by evaporation, as tho solution 
decomposes when exposed to the air. If tho aqueous solution of ferrocyanido of poUis- 
sium be mixed, first with ether, and then with hydrocliloric acid, tho ferroprussic acid 
scparjites perfectly white, and may be drie<i witliout In coming coloured. It may then bo 
further purified by pressure, solution in nlcoliol, and precipitation with ether (Dollfus). 
Kuhlmann prepinjs feriDprussic acid on tho large scale by decomposing ferrocyanido 
of barium witli an equivalent quantity of sulphuric acid. Tho chirifitHl solution is 
preserved in well-closed sb}no-waro jars and sent ifi that state into the market. 

Ferropriis.sic acid orystiilll^es in wliito grains or small inlerlaced nc'Hllos: larger 
crystals are deposited from an alcoholic solution covered with a layop of ether. It i.s 
easily soluble in water and alcohol, insoluhio in ether. When exposed to the air, it 
Bb.sorhs oxygen, even at ordinary tempei*a hires, and more quickly when heated, hydro- 
cyanic acid being set free and pmssian blue, Fo‘( -y**, drpositfK.l : 

71FFeCy« -i- = ‘24H(V + 2U-0 + Fo'C^'*'. 

(Reiman and Carius, Ann. Ch. Plmrm. oxiii. JR).') 

This reaction is applied to the produetion of prus.sian blue in calico-printing. Tlio 
pattern is printed with a mixture of ferrocyani<le of potassium and tartaric acid, or 
witli sulphuric acid and aturri, and exposed to the action of a hot steam-bath. In this 
treatnierit, ferroprus.sic acid is first set free, and then decomposed in tho manner just 
e.\pl!nn(<l. 

iMUToiirassic acid is a strong acid, haAnng a sour taste, reddening litmus, and 
<1eC( an posing carbonates and acetates Avifhuut the aid of heat: it even decomposes 
(art rates and oxalates. With most metallic salts it acts in tho same manner as ferro- 
evanide of potassium. Ileatod with mercuric oxide, it yields cyani<lo of mercury and 
l'i\ toeyaiiide of Iron : 

Jl‘I-oCy« -h 2]lg"0 2Hg'ry^ 4- FeCy + 2IP’0 ; 

t ut the fei'rous cyanide is immediately oxidised by the excess of mercuric oxide, with 

paratioii of metallic nieivury. 

Ferro|)rus.sic acid is totra1»a.sic, as appears from the constitution of some of tlio 
d-mhlo fciToeyaiiides ; c.y. K ’(NU*)Fe(.'y“, ami fixan tho relations between tho ferro- 
antl ferrlcyauides (p. 22'J). 

Fk itiiocYANiDK OF Iron. Ferric Fkrbocyanide, Fe^y* + 18aq. = 
(Fe*)^‘(Fe")’fly’'* + 18aq. — Thi.s is one of tho compounds d(-‘signated by the common 
name of Prussian blue. It is obtained in the pure state by precipitating ferroprussic 
acid with a ferric salt; 

3ll‘FeCy + 2Fe-CF = 12nCl +• Fe^Cy>», 

or ;m'FeCy« + 2Fo‘X80^)’ = 6H^80* 4 . Fe^Cy*'*. 

The same precipitate is formcn:! by adding fciTocyanide of pitassium to a ferric salt, 
the latter being ill excess; it always carries down with it a certain quantity of the 
alkaline ferrocyanido, which, however, may bo romoved by digestion with the ferric 
salt and subsequent washing. If, on tho contrary, the ferric salt be added to exce.ss 
of the alkaline ferrocyaiiide, a much larger quantity of the latter is carried down with 
the precipitate, and cannot bo completely separated by any amount of washing 
(p. 229). 

The pure ferric ferrocyanido obtained as above is sometimes called Paria blue. 

Ferric feirocyanide is likewise produced by the following reactions : 

a. By precipitating a forroso-ferric salt with cyanide of potassium : 

ISKCy + 3FoCP + 2Fe*Cl« = 18KC1 + Fe'^Cy**; 

if the iron-solution contains a lai^cr proportion of ferric salt, the excess of the latter 
does not appear to alter the character of the precipitate ; but if the ferrous salt is in 
exce.ss, the precipitate will have a different character, approaching to the composition 
of ferrous fcrricyanide, or Turnbull’s blue (see Ferric yanides). 

h. By mixing hydrocyanic acid, first with potash, then with a forroso-ferric salt, 
and then with excess of hydrochloric acid. In this case, ferrocyanido of potassium is 
first formed, and this with the ferric salt present forms prussian blue. This is one of 
the chief tests for hydrocyanic acid (p. 218). 

0 . By immersing recently precipitated ferroso-ferric hj'drate in hydrocyanic acid. 

d. By immersing ferrous cyanide in a solution of a ferric salt, which is thereby 
reduced to a ferrous salt : 

9FeCy* + 2Fe*Cl» - 6FoGl» + Fe’Cy‘* 

<i2 
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€. Bj the action of air» chlorine*water» or other oxidising agentSf on fertoas (^anida: 
9FeCy« + 0* « Fe’Cy»® 4 - Fe*0*; 
or, on ferrocyanide of hydrogen : 

7H<FoCy« + 0» = Fe"Cy« + a4HCy + 2E^; 

or, on ferrocyanide of iron and pjtassium (the white precipitate formed by adding 
ferrocyanide of potassium to a ferrous salt), probably thus : 

6(K‘-'Fo)FcCy« + 0> = Fe'Cy« + 3K^FeCy« + Fe«0». 

Ferrocyanide of iron Prussian Ferrocyanide Ferric 

and potassium. blue. of potassium. oxide. 

It is chiefly by this last reaction that prussian blue is prepared on the large scale, 
ferrocyanide of potassium being first precipitated by ferrous sulphate, and the result- 
ing white or light blue precipitate either left to oxidise by contact with the air, or 
subjected to the action of nitric acid, chlorine, hypochlorites, chromic acid, &c. The 
product, however, is not pure ferric ferrocyanide : for it is certain that another and 
simpler reaction takes place at the same time, by which the ferrocyanide of iron and 
potiissinm is converted, by the abstraction of 1 at. potassium, into fcrricyanide of 

iron and potmsium, ^,/|Fe"'Cy*, which also possesses a fine deep blue colour. 

Coniraercial prussian blue is therefore generally a mixture of this compound with 
ferric ferrocyanide, Fo’CJy"*, the one or the other predominating according to the 
manner in which the procc.ss is conducted. (See Pbussian Bnua.) 

hV'iTie ferrocyanide forms, when dty, a dark blue mass, having a strong coppery 
lustre and conchoidal fracture. It cannot be dehydrated by heat., as it is thereby de- 
coin})osed, giving off hydrocyanic acid and leaving ferric oxide. Heated in contact 
with the air, it takes fire and burns like l.iiider, leaving ferric oxide. 

It is insolublo in Wtttep, slpohol, ether, and oils, and is neither dissolved nor deoom. 
posed bv dilute mineral souls. It dissolves with violet colour in tartraie of ammonia 
and with blue colonr in oialic acid. This latter solution may be used as » blue ink • 
It IS prepared by triturating prussian Mne with 1 or 2 pts. of cr>stallised oxalic acid 
and a small qn.iiitity of cold water till it forms a thick paste, which may bo dissolved 
in a larger quantity of water. ^ 

Iinracraed in cold strong stdpfmric mid, it is converted info a white pasty mass, 
without evolving hydrocyanic acid or giving up iron; tlio addition of water, ricohoL 
or even ether, restores the blue colour without contact with the sir (Ro hi q u e tl The 
whitepasty mas., does not diMolve in excess of sulphuric acid; when dried in vacuo 
onamrous tile, it kuives a while pasty nmori.hous powder called milphate ofprmtian 

'•'“ter into Prussian blue and dilute s^phurio 

"nJ** or '™|pliuric acid heated with ferric ferrocjnnide decomposes it by 
' al’stracting the iron in 

0^.1 rrsidne, if continnally treated with frrah quantities 

of acid, ultiruatoly oonsibta of fcrrocyanule of hydrogen : ^ 

Ke’Gy'» + 12HC1 = 2Fe»Cl* + SH^FoCy*. 

CUc^ne-mnJer converts ferric ferrocyanide info a green compound which tnma blue 
in Mntact with ferrous or stannous chloride. Ferric ferroevan^ boiled with mercurie 
oxtde yields cyanide of mercury and ferroso-ferric oxid" ^ 

Fe'Cy" + SHg'O .= 9Hg"Cy’ + 3Fo0.2Fe*0*. 

with'aid^of iZtT m ™ decompose ferric ferrocyanide, 

especially with aid of heat, forming an alkaline ferrocyanide and ferric hydrate : 

Fe’(iy + 12KII0 = SK'FeCy* + 2Fe*H«0*. 
but of a light yellow colour. errocyanide forms a similar basic compound, 

and ferXprn'22*drw"tt^se 

Fe'Cy" + 2H'S = H'FeCy* + 6FeCy* + S». 

Iron or ttn pliccd in contact with it under water, withdraw part of Oio 
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cyanogen and conrert it into white ferreue cyanide. Cuprous chloride also turns it 
white. Boiled with a polysulphide of potassium, it yields, according to Porrett, sulpha* 
*»vAnate of potassium, a sulphide of iron being probably formed at the same time; 
L. Fe^Cy" + 9K*S» « ISKCyS + Fo^S^ 

'^Soluble ’Prussian blue , — AVhen ferric chloride is added Co excess of ferroeyanide of 
potassium, a dark -blue precipitate is formed, which is insoluble in the saline liquid, 
W gradually dissolves during waehing,. the water uerjuiring a blue colour, which 
becomes deeper as the soluble salts are removed. This [)recipitate contains potassium, 
which, indeed, is found both in the waeh-waterK and in the residue, even after the 
washing has been continued Ifing enough to dissolve out a considerable portion of the 
precipitate. This is the soluble prussian blue of Berzelius and Robiquet ; it is 
usually regarded as ferric fbrrocyaiiKle, retaining a certain and sometimes a considor- 



a lai^er quantity of the yellow prussiate renders the prccipihite insoluble. He con- 
siders it more probable that the precipitate consists of ferroeyanide of iron and potas- 
sium (KFe)FeCy®. The greatest degree of solubility is said to be obtained by preci- 
pitating 1 at. ferroeyanide of potassium with a solution of ferric iodide containing 
1 at. or rather more of iodine. (Wagner’s Jkhrosbcricht f. Chem. Technologie, 
1858, iv. p. 194.) 

Ammonio-f erric Ferroeyanide, (iNIF.lVCy** + OH-O, or Ferroeyanide of 
fcrricum and ftrricamjnoniwn yU-O.* — This, according to 

Monthiers (J. Pharm. [3] ix. 26), is the first praluct of the action of ammonia on 
ferric ferroeyanide, the ultiinate products being, as already obscrveil, ferric oxide ami 
ferroeyanide of ammonium. The best mode of preparing it is to pmr an excess of 
ammonia into a solution of dichloride of iron, and throw tho wlioio on a filhT 
resting in a funnel, the nook of which dips into a solution of ferr(K*yani(le of potassium. 
As soon as the two liquids mix, a perfectly white precipitate is formeil, which tunxs 
blue in contact with the air. This precipitate is digt'sted w’ith tartrate of ammonia, 
to remove the ferric oxide likewise prorliiccd in the reaction, tho whole being kept for 
some hours at a teinpemture of 60® to 80^^ C., and Urn precipitate then wasliod witli 
distilled water. Tho first product formed is white cyanide of ferrosammoniuni : 


SKH'eCy* + 6Fe.CP + ISNIb' 12K01 + 9(2NH».Fe(’y'-') ; 

and this w’hon exposed to the air, takes up oxygon, gives off ammonia, and is convened 
into ainmouiu-ferric ferroeyanide and ferric oxide : 

9(2NH».FcCy) -I- O’ - 1‘2NH» = GNlP.Fu^Cy" + I-VO^. * 

It \s a blue powder with a tinge of violet. It begins to give off prussic acid at 100” 0., 
but retains its colour up to 160°, below wdiich temperature no ammonia is evolved. 
It is altogether more stable than ferric ferroeyanide, not being at tacked by tartrate 
of ammonium either at ordinary or at higher temperatures. (Mon tbi ers<) 

PoiassiO’f errous Ferroeyanide, KHVCy* = ] 7 Q"|Fo'Vy®; — This is the 

white (or yellow) insoluble .substance formed when ferr(>cyjuiide of potassium is dis- 
tilled with dilute sulphuric acid for tho preparation of hydrocyanic acid (Everitt. 
Phil. Mag. [3J vi. 97) : 

2K<FeCy® + SH^SO* = 3K*SO® + 6HCy + K^'Fe^Cy®. 

It is also produced on adding fernxjytanide of potassium to a solution of a ferrous salt : 
FeCF + KH'eCy® = K^Fo’^Cy® + 2KC1 ; 

the reaction eonsi sting simply in an interchange between 1 at. iron (ferrosum) and 
2 at. potassium. If the ferrous salt is quite free from ferric salt, and the air is com- 
pletely excluded, the precipitate ia white, but it quickly turns blue in contact with the 
air. The solution of ferrous sulphite and hyposulphite obtained by immersing clean 
iron wire in aqueous sulphurous acid contained in a closed vessel, gives with forro- 
cyanide of potassium a perfectly white precipitate. 

By the action of the air, nitric acid, and other oxidising agents, potassio-ferrous 
ferroeyanide is converted partly into ferricyauide of iron and potassium (William- 
eon), partly into ferric ferroeyanide. (See p. 228.) 

Febboctaic IDS OF Lbad, Pb*Fe’Cy* 3aq., is obbiined as a white precipitate 
on mixing the solutions of nitrato of lead and ferroeyanide of potassium. It gives ofif all 


• fe = |Fe 37|. 
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its water when gently lieated. The anhydrous salt ignited in a close vessel gives off 
nitrogen, and loaves a mixture of carbide of lead and carbide of iron, which burns like 
tinder when gently heated in contact with the air. The hydrated salt suddenly 
exposed to a strong heat, gives off water, carbonic acid, and cyanide of ammonium. 
The saJt is decomposed by dilute sulphuric acid, and by aqueous sulphydric acid, yielding 
forroprussic acid. Heated in sulphydric acid gas, it is resolved into sulphide of lead, 
sulphide of iron and hydr<X‘yanic acid (Berzelius). It is insoluble in water, partially 
soluble in hot aqueous ammonia, perfectly soluble in a hot solution of chloride or suc- 
cinate of ammonium, insoluble in other amraoniacal salts. (Wittstein.) 

Fbrroctanide of Magnesium, Mg'FcCy + 12 aq., is obtained in the form 
of small, pale yellow, stellate needles, permanent in the air, by saturating ferroprussic 
acid with carbonate of magnesium, and evaporating the filtrate. 

Fer rocyaffide of Magneaium and A m m o n i u m is obtained in an impure 
state by adding ferrocyanide of potassium, or of calcium, to a solution of a magnesium- 
aalt containing sal-ammoniac and free ammonia. On boiling the liquid, the double 
salt is deposited in the form of a white powder, which does not decompose at 100® C. 

Ferrocyanide of Magnesium and Potassium, (MgK*)FcCy*, is obtained as 
a white granular precipitate on adtling ferrtjcyauido of potassium in excess to a not 
very dilute solutitjn of a magnesium-salt. 

Fbbuo CYANIDE OF Manoanrse. — White precipitate, soluble in hydrochloric 
acid. When a solution of a manganous salt is poured into excess of ferrocyanide of 
potassium, the precipitate contains both manganese and potassium. 

Mercuric Ferrocyanide. — White precipitate obtained by adding ferro- 
cyanide of potassium to a solution of mercuric chloride. 

Ammonio-vier curie Ferrocyanide, 2NIP.(Hg'')'‘*FeCy*’ + nq.,or Ferrocyanide 
of Mercury and Mircurarntnonium,^ l[g"| obtained by dissolving 

nitrate of mcrcurammonium (nramonio-meixMiric nitrate) in a moderately strong solution 
of nitrate of ammonium containing free ammonia and cooled by ice, and pr(‘ei pi fating 
with ferrocyanid(^ of potassium. It forms wine-yellow rhomboidal prisms, which give 
off their ammonia on exj>osure to tlio air. They are decomposed by water, yielding 
cyanide of iiicrcury, tVrric oxide, and ammonia. If the solution of nitrate of ammonia 
used ill the preparation is too strong or too hot, mcpcury is reduced, ami if it is too 
dilute, the product is immediately decomposed by the water present. (Bunsen, Fogg. 
Ann. xxxiv. 139.) 


I EUHHocYANiDEs OF Moi.ybdenum. — Fcrrocyanido of potassium forms with 
moJyhdous salts, a dark-brown precipitate soluble in excess of the reagent and in 
ammonia ; with inolyhdic salts, also a dark brown precipitate, insoluble in oxco.s8 of 
the alkaline ferrocyanide, but soluble with decomposition in ammonia; with solutions 
of ‘imlyhdic acid in the stronger acids, it forms a rod-brown precipitate, soluble in 
excess of the ferrocyanide, and in amuionia, with formation of ferrocyanide and 
molybdate of ammonium. (Berzelius.) 


F ERROCYANIDE OF N iCKKL, Ni'‘'FeCy®.— Precipitated in pale apple-groon flocks, 
soluble with rod colour in ammonia, insoluble in amraoniacal salts. When thus pre- 
pared, it always retains lerrocyanido of potassium, which cannot be removed by 
washing. It may, however, be obtained quito pure by decomposing the following 
compound with boiling water. 


Ammonio-ferrooyanide of Nickel, lONH’.Ni^FoCy® + 4 aq.— A solution of 
recently precipitated ferrocyanide of nickel in excc.ss of ammonia deposits this com- 
pound, alter a short time, in a multitude of ycry delicate violet-coloured needles. The 
same compound is obtained by adding ferrocyanide of potassium to a nickel-salt 
containing a large excess of ammonia. In the moist state, it is decomposed by mere 
exposure to the air, giving off ammonia and water and leaving ferrocyanide of nickel ; 
but after drying, it bears a heat of lOO*®— 160° C. without decomposing. Boiling with 
water als(^ecom poses it. the ammonia dissolving and ferrocyanide of nickel remain- 
ing. (Re^oso, Ann. Cli. Phys. [3] xxx. 262.) 

FerrocyaiUde of Nick el-ainmoriium, + 4aq., is obtained as 

a greenish white precipitate on adding ferrocyanide of potassium to a solution of 
nitrate of nickel-ammonium. It is insoluble in water and more stable than the 
preceding. (Reynoso.) 


Ferrocyanide op Potassium. K«FoCy 4KCy.FeCy*. PrussiaU of 
Ihtash, Iferrop^state of Potash, Yellow Prussiate of Potash, Yellow Frussiate, Shod- 
lye-salt, Jilutlaugensalz, KaltuTneisencyanUr, (Hen tele, Dingl. polytechn. J. Ui. 
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289* Ixxvi. 352; xcir. 197; cxvii. 414. — Liebig, Ann. Ch. Pliarm. xxxviiL 20, 
Habich» Pingl. cxl. 37L — agner*8 JiilireBlxT. £ Chem. Technologie, 1856, p. 111. 
^BrnnquelJ, Lingl cxl. 374; cxii. 47; Wagner’s Jabresbcr. 1866, p. 102. — Karm- 
rodt, Dingl. cxlvi. 294; Wagner’s Jahresbor. 1867, p. 139. -Nolluor, Ann. Cb. 
Pharm. cviii. 8; Wagner’s Jabresber. 1868, p. 176. — K. llofinann, Dingl. cli, 63; 
Wagner’s Jab resber. 1868, p. 179. — Gra egor, Polyt. Confralluille, 1868, pp. 25, 33, 
49; Wagner’s Jabresber. 1868, p. 183. llandwbrtorbucli dor Cliemie, 2“* Aufl. ii. 
12] 184.— Gm. rii. 463.) 

^ This iinportunt salt was first prepared about tlie middle of Ibe last eentury by 
Maequer, who obtained it by the action of alkali on prussian Idue, and called it 
"vhloqi^tkated alkali. Sage, and afterwards ilergniann, showed tbut it might be 
Tirenured in the diy way. Tho iron contained in it was at lii’st regarded as an imjnirity, 
till Bcrtbollet showed tJiat it Mas an essential constituent. The. salt is now manu- 
faetured on a very large scale, and used for tlie preparation of cyanide and eyaiiatc of 
potassium, prussic acid, yu’usslan blue, and other cyaiiogi'n-eoinpound.s ; also in dyeing 
liiid calico printing, for tluj direct formation of prussian bine on tissues. 

Formation , — Peirocyaiiide of potassium is formed on bringing tog(.'tlier the folloMung 

tiuhstaiicos: 

1. Ferrous oynnido M'ith a qti onus cyanide of potussium. — 2. lA rropnis.sIe acid with 
hydrate or carbonate of pota.ssiiini. — 3. Ferrous hydrate with cyanide of potussium, 
potash being formed at tlie .same time: 

OKt’y + FcTP02 K‘FcCy« + 2KIIU. 

4. Ferrous cyaTiidc with aqueous potash ; 

3Vi:iY + 4KUO = K'FeCy'* -t- 2FelP0'. 

6. Ferric feiTocyanide or feuTons ferricyauido with aqtieoiis potash, ferric oxide being 
.separated in the first case (p. 228), and ferroso-terric oxide in the second (p. 202).- -- 
G. by the action of potash on various fcrrocyani<lcs (p. 223). — 7- By bringing motnllic 
iron in contact with aqueous cyani<le of potas.sinm, the action taking place slowdy a-t 
ordinary tcmper.iturcs, quickly at the boiling lieat. If the air is excluded, hydrogen is 

GKCy + Fo + 2ir’0 - K‘FcCy« + 2KHO + ; 

Init if the air has acces.s to the liquid, oxygen is absorbed and no hydrogen is evolved: 
GKCy + Fe + H'^O f O =. K^Fc(;y» + 2KT10. 

8. Sid[diide of iron with {).qneous cyanide of potassium, sulphide of potassium boirg 
fonnctl at the same lime : 

GKCy + FeS ^ K'J’\-Cy« -h K'-5?. 

9. Any soluble forn.us salt with aqueous cyanide of potassium : 

FeCl' + GKCy K^FeCy* + 2K(’l 
FeSO* + GKCy « KfFoCy" + K^SO*. 

Vreparation. — 1. On the small scale, pure forrocyanido of potassium is ca.sily obtained 
by adding pure I’ru.ssian blue (feme ferrocyanide) to boiling aqiieon.s potash, as long 
Hs its blue colour changes to brown, then filtering, and evaporating the liquid to tho 
crystallising point.. If commercial Piaissian blue is u.sed, the salt obtained w'ill probaldy 
be eontiirninatt^d with carbonate, sulphate, and other salts of potassium, and with green 
prnssiate of potash (p. 235). It may be purified by piekiug out the cry.stals and ro- 
crystallising them several times, or, accoraing to Berzelius, by healing the salt, fii-st 
g' iilly till it cfiloresces, afterwards to the melting point; di.s.solving it in water, which 
thi n leaves charcoal and carbide of iron undissolved ; adding aCetic acid to convert the 
carbonate and cyanide of potassium in the solution into acetate; precipitating the 
sulphuric acid present w'itli solution of acetate of barium, added grailmilly und not in 
exc('s.s; then filtering, evaporating, precipitating tho ferrocyaiiide of ])otassium by 
aih’ohol, and twice I'ccrystallising it from hot water. 

2. 071 the large scale, ferrocyanidc of ]»ota.s.siiiin i.s prepari'd by :idding niiinjal 
matters, such as horn, featliens, dried bimxl, leather-clip] )ings, (kc., iiiixed^ with in>n 
filings, to fused carbonate of pota-ssiuin (pearl-ash), lixiAuating tin* fii.^ed mass with 
Water, then filtering, and crystallising by evaporation. The animal matter contains 
nitrogen and carbon, the latter in larger proportion than is required to foT*m cyanogen 
with the nitrogen : hence when these substaiice.s are fused wuth carbonate of |)Otassiuni, 
the excess of carbon redueo.s potassium from the earbonato, and the potassium thus .set 
free unites with the cyanogen formed from the nitrogen and tho remainder of the carbon, 
producing cyanide of potassinm, which is converted into ferrocyanidc in the subsoiiuent 
lixiGation. It was formerly supposed thai the cyanide of potassium is converted into 
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forrocjraaide during the fuwon, by the action of the ipon present in tlie fUsed mass, and 
that, in tlie lixiviation, the feirocyanide is simply dissolved o,ut. This, however, ia 
iinpossible, inasmuch os the ferroc 7 iini<le is decomposed at the temperature to which 
the moss is exposed, into cyanide of potassium, carbide of iron, and nitrogen (p, 199 )^ 
Moreover, I/iebig has shown that if the fused mass, soon after cooling, be lixiviated 
with aqueoius alcohol (brandy), nothing but (yanido of potassium is dissolved out, and 
the residual mass treated with water no longer yields any ferrocyanide. The ferro- 
cyanide obtained wlien the fused mass is treated with water in the usual way, does not 
exist ready formed in the mass, but is produced by the mutual action of the cyanide 
of potassium an<l the metallic iron existing therein; moreover the product is considerably 
increased by adding, during the lixiviation, more nietallic iron, or sulphide of iron, or a 
soluble ferrous salt (p. 231). Tliis view has indeed been called in question by Kunge 
(Pogg. AuE.lxvi 4 96)aud otliers, who have found that the melted mass, when treated with 
brandy, yields but little cyanide of potassium, but afterwards yields the usual quantity 
of ferrocyanide when lixiviated with water. These results wore probably due to tlio 
use of alcohol of too great stn^igth, whicli dissolves cyanide of potassium but slowly, 
or to the melted mass having been left for some time in contact with the air, in which 
ease tlm liighly deliquescent cyanide of potassium would absorb water, and ferrocyanide 
would be gradually formed. Liebig’s view has bx'cn confirmed by the recent experi- 
ments of Nullnor and R. Ifoffmann, who find that when the fused mass is left to cool 
slowly, ]Uiro cyanide of i>otassiiim often st'parates out of it Hoffmann has also shown, 
that when t>ure cyanide of potassium mixed with iron is treated with acetic acid and 
alcohol, it is conq)letely decomposed, without formation of fc'rrocyanidc, and that the 
feiToeyanide itsedf is not discomposed by acetic acid and alcohol ; now wdien the fused 
mass obtained in the manufuct tiring process is pulverised and heated with aetdic acid 
and alcohol, it behaves like a mixture of iron and cyanide of potassium, and the 
residue treated with water no longer yields ferrocyanide of potassium. 

The nrianufacture of ferrocyanide of potassium (yellow prussiato) con.sists of tliree 
stages: fl. Tlie preparation of the melted mass, technically called “metal;” b. The 
lixiviation; c. Tlu* crystallivsation. 

a. The ‘‘metal” is prepared bv inciting animal matters with pearlash, generally 
with addition of iron, soinel imes, though less advantageously, without it. The animal 
substances used arc horn, woollen rags, dried blood, carcases of animals, liairs, feathers, 
lonthcr-elifipings, old shoe.s, &c. ; tliey nre sometimes used in their original state, 
Hometimes sul)|<*cted to a previous dry distillation, flie uinnionia thereby evolved being 
condensed in hydrochloric or sulphuric acid, and thus obt ained as a secondary product, 
and the residual aKoti.sed charcoal used for the preparation of the cyanide. Those 
substances are of course the most eligilile which contain tlie largest proportion of 
nitrogen i in this respect, the several kinds of animal matter differ considerably, as 
ihown by the following table given by Karinrodt. 


100 parts of horn. 

dried blood 


contain 15 to 17 p. c. nitrogen. 


15 

10 

IG 

15 

9 


4 

6 


17 

16 

17 

17 

10 

17 

5 

7 


,, woollen rags , 

,t sbeep-shearings. , 

„ calves’ hair , , , 

„ bristles .... 

p feathers .... 

„ hide-clippings . 

„ old shoes .... 

„ charcoal from horn, acconl- 

ing to the heat to which 
it has been sulqcKited . 3 „ 7 

„ charcoal from rags . , 2 >, 12 

According to Bonssingault and Payen, horn contains 14-3, air-dried muscnlal flesh 
13-4,. and -wooUen rags 16 0 p. c. nitrogen. According to NoUner, old leather often 
contains not more than 1 to 2 p. c. nitrogen, whfere.as well preserved leather coqtiihis 
from 6 tp 12 p. c. 

The charcoal obtained hy the carbonisation of animal subsfanees contains nitrogen, 
bnt less in pro^rtion as it has been more strongly heated; at the same time, hoff- 

of rag* carbonised at a 

certain temperature, yielded 76 pts. charcoal containing 12 p. c. nitrogen, whereas the 

same ram charred at a stronger heat yielded 26 pts. charcoal containing only 1 -26 to 

.woto’ thereto^ not to heat the animul substances too 

frm eo’to” 0^ ^tiUation at such a point that the yield of charcoal shall be 

It is important that the animal substances used should not yield much ash, as thJ^ 
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besides thickening the mass, wiU decompose a portion of the potash, converting it into 
aoluble salts whi5i will mix with the ferrocyanido ; the animal substances should, 
therefore, be well-cleaned, es^cially hom sand, before calcination (1 pt of sand will 
decompose 2 pts. of pearl-ash ). 

The potassium for the preparation is supplied in the form of coi-bonate (pearl-ash). 
It is not necessary to use perfectly pure carbonate of potassium ; indeed a certain pro- 
portion of sulphate is said to act beneficially, by forming sulpliide of iron. Accordhig 
to llninnquell and Hoffmann, however, it is always injurious, an it converts a portion 
of ttie cyanide of potassium into sulphide, cyanate, and sulphocyanate. 

Ill localities where potash from plant-ashes is too dear, an impm*o carlxuiato is 
sometimes prepared from the sulphate by ignition with coal and carbonate of lime, just 
as, in the ordinary method of soda-making. The sulphate of potassium used for this 
purpose may be obtained from the mother-liquor of sea-water, and of the ashes of kelp 
aiul varechs* (See Potash.) Bramwell uses, instead of carbonate of potassium, the 
sulphide obtained by igniting sulphate of potassium with charcoal. It is fused ’with 
animal matter and an equivalent quantity of iron, which is thereby converted into 
sulphide. 

The addition of iron in the melting process might appear at first sight to bo un- 
necessary, inasmuch as the conversion of the cyanide of potas.sium into ferrocyanido 
takes place only in the lixiviation. It is, however, required tor two reasons ; fii’st, becuuso 
the sulphate of potas.sium, which is almost alw'ays present, is converted, by ignition 
with charcoal, into sulphide and bisulphide of potassium, and the latter, if no iron is 
present, converts a portion of the cyanide of potassium into siilphocyanato, which is 
not converted into ferrocyanido in the subsequent lixiviation, and consequently occa- 
sions a loss of cyanogen ; and, secondly, because the bisulphide of potassium exerts a 
very rapid corroding action on the iron pot in which the materials are fused. Now, 
when iron is added in the form of filings, turnings, &c., it easily decomposes the'alkalino 
sulphides, thereby preventing tho formation of sulphocyanate of potassium, and is 
it.self converted into sulphide of iron, wliich is easily transformed into ferrocyanido by 
tli<‘ aclion of the aqueous cyanide. The iron is usually added in the form of filing.s, 
liirnings, or sraitliy scales (black oxide), sometimes also in the form of spatliic iron 
(native ferrous carbonate). 

For calcining the mixture, pear-shapod iron pots were originally, and are still fre- 
quently, us<*d ; they are built into the furnace in a slanting direction, and in such a 
Ilia liner that the flumo ca n play all round them. The contents are stirred W'ith a flat 
iron bar, or .scoop, introduced through an aperture in tho lid.* 

A Tiuye complete arrangement, now adopted in the larger English works, consists of a 
set of iron jmdting pots of nearly hemispherical shape, set in brickwork, and each 
healed by a .separate fire and circular flue. The ixits are clo.sed by iron lids having 
aiKTlure-s for introducing tho animal mutters, the aperture being immediately closed 
by a slide after each addition. Through the lid of each pot there passes a vertical 
spindle, cariying a set of Idades or arin.s for mixing tlie materials, and set in motion 
by a driving shaft worked by steam power. Thepot.s being completely closed during 
the melting, the atmo.sphore within them is maintained in a deoxidising condition, and 
tlius the formation of eyanate.s is preveiited.t 

As iron pots heated from below cannot be raised to the high tomporaturc wliich 
IS most favourable to the success of the proce.ss without subjecting them to very 
rapid wear, the calcination is frequently performed, especially in Gormany, in a 
reverberatory furnace, on the hearth of which is placed a cast-iron pan 4 or 5 feet 
wide, 4 or 6 inches deep, and several inches thick on the sides and bottom. The in- 
terior dimensions of the furnace should net be larger than is necessaiy for convenient 
mampulation, and the arch should bo very flat. The mass in the pan is stirred by a 
tliick iron bar, or crook, suspended by a chain and passing through an apei-ture in 
nin side of the furnace ; with this arrangement, the stirring is much more easily per- 
t^ornied than with the old-fashioned pots. The furnaces are so arranged that when 
the potash has once been brought into the fused state, the doors of the fire-place may 
be closed, and no fresh firing is required during the introduction of the animal 
matters : this prevents the access of air to the melting mass which would oxidise it, 
and lead to the formation of cyanate of potassium, which would entail loss of cyano- 
gom Ordinary reverberatory furnaces with fire-brick heartlis cannot be used for the 
tusion, liecause the hearth would be strongly attacked by the melting potash, and a 
large quantity of silicate of potassium would be formed. 

The fuel used is either wood or coaL When the process is performed in a rever- 

*• ^Mon of UreU Dictionary qf Arts, Manttfaeturct, 

•«« Cht,H<eat Tnkmhfg, by 
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bcratory furnace the fuel should ho voiy diy; for if nqucoas v.ipour oomos in oontart 
with the heat^ mass, a conaidcrahlo quantity of the evanido will be decompowd^ 
yielding carbonate of potassium, arnnionia, carbonic anhydride, and free hyilrogen: 

2CNK + « K^CO* + 2XH’ + CO* IP. 

Qnite recently the use of gas-gen eratoi-s with a blast of air has been introduced into 
file manufactare of feiToeyanide of potassium ; it presents many adrantages, in par* 
ticular that of facilitating the regulation of the temperature and the admission of 
oxygen, so as to produce at pleasure either, an ordinary, a neutral, or a reducing 
flame. According to Hoffmann, it is advisable, at the beginning of the process, to 
burn the flame-gases completely by the admission of a sufficient quantity of oxygen, 
BO as to produc(‘ a very high temperature, which materially ficili fates and expedites 
the process, at the same time that the excess of carbon in the animal matters, and the 
combustible gas evolved from the melting mass, prevents the oxygen from eoming in 
contact with the metal, and ( hereby converting the cyanide of potassium into cyaiiate. 

The melting jirooess is conducted as follows. The pearl-ash (2 to 5 cwt, according 
to the dimensions of the furnace), or a mixture of 1 pt. pearlash and 2 to 4 pts. hlue 
salt or him IK dash obtained in a ]ireoeding operation \vid, hif.\ is melted in the iron 
vessel (which takes about two hours), and heated to bright redness, so that the masg 
may not bo too much cooled by tlie introduction of the animal matters. These, or an 
eipiivalcnt quantity of animal coal mixed with 6 to 8 per cent, iron, arc then added in 
.successive porlion.s, first at .shorter, afterwards at longer intervals. For (!vcry 100 pts 
of pearlash, from 100 to 125 parts of fre.^h animal substances are taken, often a 
mixture of several kinds of animal matter containing diftcrent proportions of nitrogen, 
liom and rags for example. Sometimes a smaller quantity of nnchaiTod animal matter 
is taken, and the amount made tip with animal coal; tlio latter is seldom used alone. 
Each addition of animal matter cause.s a A’iolent rejiction and evolution of combii.stible 
gase.s, viz. carbonic oxide and bydrocarboii.s, together with water and carbonic acid, 
and the mass becomes thickened, les.s by the admixture of solid matter than by the fall of 
temperaturo resulting fi'om the abundant formation of gas; active stirring must 
therefore bo resorted to, in order to mix the materials well together and accoh'rato the 
decomposition. After a while, the ma.ss grmlually be(?onie.s hotter and more fluid, and 
carbonic oxide is evolved in conseiiuence of the. reduction of potassium. After this 
reaction has gone on for to 2 hours more, the dccompo.sition is complete. Tiio 
pasty inn.ss is then ladled out into small cast iron dl.^he-s of about 2 iiiche.s diameter, 
and the furnace i.s again he.-ited and filled with potash. In this manner, from 4 to (j 
melting operations may be pei-fornied in 21 hours. The liiglier the temperature of tl»c 
furnace, up to a certain point, the more quickly does the reaction take place, and the 
more abundant generally speaking is the product. If the heat is too low, the 
redtiction of the potassium does not teke place fast enough ; and if it is too high, tlu* 
cyanide and other potassium -.salts volatilise ami condcn.se in the flues. A kss of 
product may arise from the de<*omi)Osing action of aqueous vapour evolved from the 
animal mutters: lienee, according to ilabicli. it i.s b(*st to diy tlie.se substamv-.s 
previously by means of over-heat«'d .‘Jteam, continuing the action till a slight evolution 
of ammonia begins, and sub.stam-es like horn ;iud rags are rendered triable. 

h. Z?.r/e/u//eM.— Tliemc^rt/, wlii<-h in a \vv\l coiulm*tcd ])roccs.s, should yiedd about IG 
per cent, of fciroeyanide, i.s broken into lump.s when cold, and thrown into large iron 
pans filled with cold wat(*r, mixed with tlie weak lyc.s of fomier operations. The 
liquid is then heated to 80'-^ nr 90'^ (\ ( 170 '^ to 194^' F,), and constantly stirred to dissolve 
the metal iisquickly as possilile, bceaii'^e a j.ortion of tin? cyani.le ofpotas.sium is deeoni- 
]>osed during the lixiviation into mnnioni.-i. and formate of potassium (p. 198), and the 
amount thus lost increases as the operation is protracted. According to Kmiinquell, 
the metal slioiild be macerated for 24 hours in water of 5{P to 60° C. (122° to 140° F.), 
and tlien boiled, in which ease* no deromposifion takes place. According to Hoffmann, 
the ammonia evolved is not actually formed during the lixiviation biit is prt?viously 
eiicloscil within the port^s of the metal, and, di.s.solving in the cold \^'ate^, is evolvctl 
when the liquid is heated. 

As soon as the lye has attained a density of 116 to 1-22 (20° to 20° Haunn^), it is 
left to clarify without further heating; the' clear solution is decanted from the inso- 
luble residue, and transferred to the cTu^Kirating pans, which are usually heated by 
the waste heat of the melting furnaces. It is then brought to a density of 1'27 
(32° Baum6), and run off into the ciystullising vessels, where it deposits a crude 
salt, containing, according to Hoffmann, about J of pure ferroeyanide of potassinm. 

c, Crystalltsation, The crude salt obtained as above mentioned is dissolved in 
warm water, so as to form a solution of specific gravity 1'27 (32°BauTn^), and this 
solution, after clarification, is transferred to the crystallising vessels. These are 
sometimes made of wood, but the salt crystallised in such vessels gonorally has a gi’ceii 
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colour arising from a decomposition, produced, according to Gcntele, by the tannin of 
the wood. On this account, cast-iron crystallisera are more generally preferred. Tho 
liquor is left to crystallise slowly, the crystallisation often going on for weeks in 
lai^e ressels ; tho mother-liquor is drawn off, and if not too iinpui’e, is used to dissolve 
teh quantities of crude salt ; after being used two or three times for this purpose, it 
Bcn es for the preparation of blue-salt. 

Tlieferrocyanide is deposited in crasta in the crystallising vessels ; Imt by suspending 
lumps of tlie solid salt in the solution by threads, it may bo obtained in long bunches 
of crystals {KrystaUtrauf)m\ and by suspending these in fresh lyes, they may bo 
obtained of great size. The salt thus obtained may be further purified by recrystal- 
li.sation; 100 pts. of crude salt yield about 90 pts,, or if pure materials have been used, 
97 pts. of pur(5 ferrocyanido of potassium. 

The green salt above mentioned may bo purified by recrystalJisation, with addition 
of a small quantity of an oxidising agent, sneh as arsenious acid, or better, of ferrieyanide 
of potassium (red pmssiate). According to Hoffmann, the green colouring sometimes 
arises from tho presence of sulphide of iron and potassium. 

Commercial yellow pmssiate often contains sulphate of potassium, which indeed 
may be present in considerable quantity without altering the appearance of the salt. 
This impurity is not easily removed by recryatallisation. The best mode of purification 
is to decompose the sulphate with chloride or acetate of barium, separate the result- 
ing chloride or acetate of potassium by repeatedly dystallising the filtered solution, 
or by precipitating it with alcohol, then wash the precipitate with alcohol, and recrys- 
tiillise from water. On the large scale, the sulphate may bo completely separated by 
evai>orating tho solution to specific gravity 1*31 (35° Bm.), whereupon tho greater 
part of tho sulphate eiystaUises out, then drawing off the clear liquor, diluting it to 
specific gravity 1*26 (30° Bm.), and b‘aviiig it to cool: it then deposits pure feiTo 
cyanide of potassium. A further portion may be obtained in like manner from the 
mother-liquors. Bor technical use, however, the sulphate of potassium is not directly 
injurious, but merely objectionable in so far as its presence diminishes the proportion 
of foiTocyanido. 

Trcatnunt of the residues . — The mother-liquor of the cmdc salt concentrated to a 
density of 1*33 to 1*38 (30° to 40° Bm.) deposits, on standing, nearly all the remaining 
fi'rrocyanide in the form of a fine-grained powder. The last mother-liquor contains a 
considerable (luaiitity of carbonate of pofas.sium, together with hydi'ate, chloride, sul- 
phocyamito and silicate of potassium. When concentrated to a specific gravity of 1’45 
pb3 Bm.), it d(;posits the greater part of the silicate, chloride, &c., of potiissiurn, and 
tlie mother-liquor still remaining, which contains the greater part of the carbonate, is 
evaporated to dryness and calcined in reverberatory furnaces provided with iron pans 
like the melting furnace.s. The dry residue, called blue-salt, or blue-potash 
{Wuusah, ov B/aukali\yv}\kh contaiu.s from 70 to 80 per cent, of carbonate of potassium, 
is u.sed, instead of potashes, or mixed with it, in subsequent melting operations. 

According to analyses by Brunnqiioll (1), and Hoffinann (2, 3, 4 and 5), slightly 
calcined blue salt contains in 100 pts.: 


Carlx)nate of potiussium 

Silicate . . , . . 

Sulphide 

Chloride, siilphocyanatc, pbospluite and 
sulphate af potassium 
Insoluble matter .... 
AV^ater and loss .... 


1. 

2. 

3. 

4. 

6 . 

71*9 

71*0 

82*4 

75- 1 

441 

11*9 

9*5 

7-6 

8-8 

22-8 

4-3 

1*4 

3*8 

8-3 

8*7 

8*2 

1*6 

2*1 

13*0 

71 

10*1 1 
j 

j- 26-7 


Analysis 1 is from a meltinfj with crude potash of 75 per cent. ; 2 is blue salt from 
a melting conducted in the ordinary way with pearl-ash ; 3, with pearl-ash of better 
quality ; 4, from a melting made with blue salt ; 5, with impure potash. The last three 
analyses show clearly the rapid increase of tho impurity of the blue-salt when impure 
inateri;ils are used, and the necessity of purifying it ; since, when tho proportion of 
silica increases, part of the potash is rendered insoluble and remains in the deposit, 
be ing thus lost to the process. 

The insoluble residue or deposit which remains in tho lixiviation of the metal, varies 
in quantity and composition according to the nature and proportions of the animal 
mattei’s and tho alkali used in the preparation ; it also contains matter carried over from 
the fuel. Karmrodt obtained from 100 pts, of metal the following quantities of ash, 
each being the moan of 10 analyses: 

By the use of . . Bugs Horn Hair Leather Charcoal (bad) 

Insoluble salt . . 28*3 1*8 23 0 36*1 38-7 
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composition of three samples of insoluble residue is 

shown in 

the followii 

Potash (K*0) . . 




. 12-2 

16*7 

10-2 

Lime . . • 




. 16-2 

18*4 

19*6 

Magnesia • 




. 2*1 

1*3 

1*0 

Alumina . 




. 48 

10*2 

14*2 

Iron, with sesquioxide 




. 16*1 

2*1 

8*1 

Manganese 




. 0*4 

0*06 

0*7 

Copper 




. trace 

0*4 

0*02 

Silica 




. 21*1 

29*7 

26*4 

Sulphuric acid (SO*) . 




. 1*2 

0*2 

1*8 

Phosphoric acid (P*0*) 




. 10*4 

64 

4*9 

Charcoal . 




. 6*1 

4*2 

9*2 

Sulphur, chlorine, cyanogen, and loss 


. 9-4 

10*34 

8*88 





100*0 

100*00 

100*00 


The following analyses of insoluble residues from the pmssiate of potash manufac- 
ture, are by Dr. Eichardson of Newcastle. 


Snlphate of potassium with traces of sulphate of] 
calcium, and of the chlorides of sodium and 

magnesium ] 

Phosphates of calcium, magnesium, and iron . 

Sesquioxide of iron 

Lime and Magnesia 

Sand and Silica 

Charcoal and Moisture • . ‘ , 


Freah 

Old 

reitidue. 

roiidue. 

9*06 

3*21 

13*74 

6*24 

13*34 

19*68 

6*08 

7*23 

23*97 

29*24 

34*81 

34*60 

100*00 

100*00 


The sample of old refuse was taken from a heap near the manufactory, which had 
lain exposed for a long time to the weather. 

Hoffmann found in 100 pts, of dried residue which had been thoroughly lixivijited 
with cold water, from 20 to 30 pts. of silica in combination with alkali, which, if calcu- 
lated as carbonate of potassium, amounted to between 20 and 30 pts. A considerabio 
quantity of this alkali appears to be soda, and as the whole of the soda contained in 
the pearl-ash passes into this insoluble residue, Hoffmann suggests that a quantif}’ 
of soda equivalent to the potash found in the residue might be added in the melting 
without diminishing the amount of ferrocyanide of potassium obtained. 

The large amount of potash in the insoluble residue, together with the phosphoric 
acid ^d the decomposible silicates, renders it well adapted for the preparation ol 
artiflcial manures. ^ It may also be used for the manufacture of alum by moistening 
and heating it with strong sulphuric acid, and adding sulphate of alumina. Or, 
again, the alkali may be extracted from it as carbonate by igniting it with an equal 
weight of carbonate of lime and lixiviating (Karmrodt); according to Hoffmann, 
however, this treatment does n<)t extract from the residue a larger amount of alkaline 
ewbomUe than simple calcination and lixiviation, or boiling with milk of lime, by 
whi^ he ffnds that two-thirds of the whole amount of potash may be extracted. 
Homnanu is of opinion that the whole of the potash might be thus extracted from the 
residues in the soluble form, if they could first bo freed from silica. Whether it is 
more profitable to extract the potash from these residues and use it in subsequent 
operations, or to apply the residues to the preparation of manure, must depend on local 
circumstances. 


The manufacture of ferrocyanide of potassium is still very imperfect in an econoraical 
point of Tiew. ^Besides the loss of potash in the insoluble residue, there is a vcO 
large loss of mtrogen, firet, because the greater portion of that element contained ir 
the anim^ mat^ used is not converted into cyanogen at all, and secondly, because 
part of the cyanide of potassium in the mefal is lost by decomposition, and another 
porUon remains in the mother-liquor, so that out of 100 parts of ferrocyanide, which 
ought to ^ obtained from the metal, about ^ is lost when pure materialB are used, 
and aTOut ^ when the materials are impure. 

p^g the year 1847, a series of experiments was undertaken by Messrs. Lee and 
Biohardson*, to ascertain how far it was possible to prevent the loss of nitrogen in 
wiepresent mode of manufacturing prussiate of potash. 

The experiments were on a laige laboratory scale, and the fusions were conducted in 


* Communicated b/ Dr. RlchardioB. 
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-bftffelfl* Several preliminaiy experiments were made with the ordinaiy mixture 
^he usual method, to enable the authors to acquire a familiarity with the nature 

Ind character of the operations. ^ , - , , 

In the subsequent experiments the same mixture of materials was always employed, 
pure horn, carefully and finely rasped, was mixed with pure potashes aud clean iron 
filings. A small quantity of water was added to assist in making an intimate mixture, 
which* was carefully and thoroughly dried and then reduced to a fine powder. This 
mixture was composed of: 


Horn 16*00 

Potashes 17*72 

Iron . , . 3 00 

Moisture 3*28 — 40 oa. 


The potash-charcoal was made by soaking 13 oz. of wood-charcoal with a solution of 
4 oz. of j>otashes, and then carefully dried. 

The gun-barrel was partially filled with the first mixture and exposed to a red heat 
in a distinct furnace. In the first and second series of experiments, the gases gene- 
rated in the redort were p^sed through the potash-charcoal, which was kept at a red 
heat in another iron tube in connection with the retort-tube. In the third series of 
experiments, the gases were passed through hydrochloric acid. In the fourth series, 
the gases were passed through the red-hot potash-charcoal, and afterwards successively 
through hydrochloric acid and a solution of potash. In the last scries, the gases 
escaping were collected and analysed. 

In each case the prussiate was carefully extracted and crystallised. The ammonia 
was estimated in the usual manner, and in the tabulated results which follow, the 
equivah'iit of tliis ammonia is calculated in eiystallised pnissiate of potash. 

The theoretical yield of prussiate was 382*60 and the actual quantities obtained and 
calculated were as follows, from the 


1. 2. 3. 4. 

Eetort 101*97 136*46 14G‘93 141*08 

Tube 68*26 63*64 . . 71*00 

Acid . , 140*24 68*80 

Potash ....... . . . , 2*76 

Total 170*22 199^)0 iSVlf 27^ 

Loss 212*28 183*60 96*33 108*87 


382*50' 382*50 382*60 382-50 

Produce per cent. , . . 44*6 62*2 76*1 71*6 

The gas evolved from the fourth experiment was collected after all the air had been 
expelled from the apparatus, and consisted of : 


Hydrogen 46*00 

Carburetted liydrogen ...••• 14*66 

Carbonic oxide 26*34 

Nitrogen •..•••••. 14*00 

10000 


Hstim it appears that a eonsiderahle portion of the nitrogen of the organic matter if 
lost in a form which cannot be recovered in any shape available for manufacture of 
a commercial article. 

From experiments on the proportion of the nitrogen of animal matter which if 
aotunlly rendered available in the production of yellow prussiate, Earmrodt hat 
obtained the results given in the following table : 


AnimaiiubtUineei iued. 


Proportion qfKHrogm 
converted into Cyanogen, 


Woollen rags •..••••.* 1/6 

Horn 1/6 

Leather-cuttings ........ 1/3 

Cow-hair 1/7 

Horn-charcoal (60 pts. charcoal from 100 pts. horn) . • 4/7 

Hag-charcoal (76 pts. charcoal from 100 pts. rags) • . 1/8 


From the analysis of well-fused “metal” from a factoiy of yellow pmseialf^ 
Karmrodt o>>tained the following results : 
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Substance used. 

Nttrcgen eunveried 
irtto Cyanogen. 

Dried blood 

1/6 

Leather-cuttings 

...••* 1/5 

Horn . . . . 

1/8 

Woollen rags . 

1/9 


The greater part of the nitrogen thus lost to the process goes off in the form of 
amraomacal salt-s ; llio quantity of these salts increasing as the temperature of the unm 
becomes lower: hence a too rapid addition of the animal matters diminishes tho 
quantity of cyani<U! obtained j on the other hand, the product is increased by keepiijir 
the melted mass at a very high temperature. 

Numerous attempts have been made to render available the ammonia given off in tlie 
process. With this view the animal substances were formerly subjected to dry tlis- 
tillation, in the Hint instance, to obtain ammoniacal salts, and only the residual 
nzotised charcoal was used for the preparation of yellow prussiato. Now, Iiowever, 
that ammoniaeal salts can bo obtained so cheaply from other sources, as from the am- 
moniacal liquor of the gas-works, in England, and from sCwage water in Paris, tliis 
mode of saviiig tin; nitrogen can searei'ly be made to pay ; and, according to the general 
expon'eneo of man u fact a rers, the amount of cynnidc obtained is not so great when tlie 
animal matters have (»ecii pre\iously distilled, as when they are used in their original 
state. 

Another mode of utilising the ammonia evolved in the process, is to pass it over an 
ignited mixture of charcoal or coke and potash, and thus convert it into eyanogi'n 
(seepage 198). There can be no doubt of the possibility of producing cyanogen in 
this manner, and sevcj’al patents have been taken out for performing it on the largo 
scale* but it does not appear that any of them have yet been profitably worked. 
Brunnquoll suggests to pa.ss the gases evolved by tho dry distillation of animal sub- 
stances through a red-hot tube of firo-elny tilled with lumps of charcoal about the size 
of a nut, in order to convert tho ammonia into cyanide of ammonium, pass tlie vapour 
of this salt, together with undecomposed carbonate of ammonium, into a moderately 
dilute solution of protosulphaite of iron, — and boil the resulting preeipitato, containing 
protocyanide of iron, with carbonate of potassium, to convert it into yellow pnissiate. 
ITiis process would cerbiinly have the advantage of avoiding tlie contamination of tho 
product with silica and tho ash of the animal substances. 

Another source of loss in the ordinary process is that a certain portion (from A 
to 1 ^) of the cyanide of potassium in the crude lye obtained by lixiviating the nu'tal, 
is not converted into ferroeyanide, even by prolonged digestion with sulphide or oxide 
of iron. The best mode of proceeding, according to Iloffmaim, is to draw off the first 
liquor into a large cistern containing a considerable quantity of carbonate of iron : the 
cyanide of potassium w'ill then be completely converted into ferroeyanide in the course 
of twenty-four hours. 

If the metal contains much sulphur and not onougli iron to take up the whole of it, 
a portion of tho cyanide of potas.sium will bo converted into sulidiocyaiiato during the 
lixiviation of the metal with warm water. Hoffmann finds that the sulphocyanate is 
easily desulphurised by metallic iron on the small scale, but not in the manufacturing 

S rocess. Scale-oxide of iron added to the metal at the end of the molting process, easily 
(Hiomposos the sulphocyanate, but forms cyanato of potassium instead of cyanido. 
Habieh desulphurises the solution with native carbonate of iron, previously freed from 
the carbonates of lime and magnesia by digestion with sesquichlorido of iron. The 
complete conversion of the sulphocyanate into cyanide, would increase the quantity of 
yellow pnissiate obtained from a given quantity of raw material from 100 to 116 pts. 

As animal matters aro very valuable for the preparation of manures, various attempts 
have been made to obtain the nitrogen required for the production of ferroeyanides 
from other and cheaper sources, especially from the air. That cyanides can be formed 
by passing atmospheric nitrogen over carbon impregnated with potash, has been satis- 
factorilv proved by several experiments, especially by those of Fownes and of Bunsen 
(p. 198) ; and it has also been found possible to carry out this mode of formation on 
the manufacturing scale. Possoz and Boissierre? first established a manufactory for this 
purpose at Grenolle near Paris, in 1845, but afterwards transferred their operations to 
Newcastle, where fuel could be obtained at a much smaller cost. Their process, im- 
proved by Mr. Bramwell of Newcastle, consisted in passing a ciirront of air over 
charcoal powder saturated with carbonate of potassium, and heated to whiteness for 
ten hours in wide earthen cylinders placed in an upright position.f The charcoal was 


• For a detcriptlon of Berry’s process (patented) «eo 
voI. Hi. 


Urf^s Dictionary qf Arts, ManttfaefureSt tfsrf 


t For a description and drawing of the apparatus, see Londtm Journal of Arts, 184ft, p. 380 x Jteper* 
tory qf Patent ImverUions, 1847, p. 280; also GrahanCs Elements of Chemistry^ 2ud cd. eol. U p. 887. 
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After^vards mixed with pulverised native carbonat<^ of iron and lixiviated. The factory 
was in operation for two years, during which it produced 1000 kilogrammes (about a 
ton) of yellow prussiate daily. It was, however, not found to work profitably, and 
was ultimately abandoned, chiefly, it appeara, on account of tho large expenditure of 
fuel, and because the cylindei-a, whether of fire-clay or iron, wore unable to withstand 
tlie intense heat to wbu^h they were exposed. 

Mr. Spencer, of tho Commercial Road, London, patented a process in 1837, for 
making use of the waste linio and lime-liquor of gas-works for the preparation of 
yrllow prussiate and Prussian blue. This gas-limo certainly contains •cyanides, but 
the pro|>ortion appears to be too small to yield a profitable result. 

The alteration which appears to present the greatest hope of improvement in the 
manufacture of fcprocyanides is the substitution of baryta for potash. Margueritto 
and I)e Sourduval have sliown that cyanide of barium is easily formed by passing a 
cumuit of air ovct an intimate mixture of charcoal and baryta at a bright red htmt. 
Tlie baryta, not being fusible, forms witli the charcoal a porous mass which the nitrogen 
can easily i)enetratc, and thus an iminciiso number of points of contact between the 
(•arlnm and nitrogen are at once obtained, whereas carbonate of imbissium fuses, and 
tin? liitrogen can act only on its surface. Etpially favourable results are said to have 
hi'i n obtained by passing the aminoniacal vapours obtained by tho distillation of 
animal substances over a mixture of charcoal and baryta. 

A iii>l her process, r<u:< ntly introduced by G el is (Rq). Gbim. app. 18C2,p, 370), consists 
ill loriiiing Hulphoeyaiiato of potassium by distilling a mixture of disulphide of carlmii 
ui!(i sultihydrale of ammonium with sulpliidc of potassium, and converting the sulpho- 
cyaiiate into yellow prussiate by heating it to dull redness with metallic iron. (See 

Ml’l.l'lIOUYANATES.) 

Prujx rl.il s of Ferrmjanidv. of pure salt crystallises with 3 at. 

water, K 'FeCy“ + iu truncated pyramids belonging to the dimetric or quadratic 

Hystem. Ordinary form R . oP (likoyi^. 362), sometimes 
also with Poo and ooPoo . The crystals ore often re- 3G2. 

diiced to the tabular form by predominance of the 
face oP. Length of principal axis = 1-768. Inclina- 
tion of P : P in the terminal edges = 97° 66'; in the 
lateral edges ~ 136° 24'. They are generally lemon- 
}’ello\v, turbid, or translucent, sometimes amber-yellow, 
or orange-yellow and quite transparent; transparent 
m st:ils appear to he formed especially by the cooling of 
large ina.s.ses of the solution. The crystallised salt has 
a specific gravity of I ’83. It is permanent in the air at 
ordinary temperatures. The whaler of crystallisation 
begins to escape at 60'^ C. (1-10° F.), but is not given oflf 
(•oni[)letely even at 100''-' C., unless tlie salt is reduced to pow'der and stirred for some 
time in contact with tlie a ir. Tlie anhydrous salt is a white powder. The crystals contain 
exactly so much water (12’77 Jier cent. = 3 at.) that they may be regarded as anh/drovs 
hjdrociianatc of ferrom oMdc and potash (K^PeC-y" + 311*0 = 2KH).Fo0.6HCy). 
Periva'vanide of pota.ssium is inodorous, has a sweetish, ealino, rather bitter taste, a 
neiifral reaction, and is not poisonous. 

Tlie crystallised salt dissolves iu 2 pts. boiling and 4 pts cold water ^ forming a palo 
yellow solution. According to Michel and Kraft (Ann. Ch. Phys. [3] xli. 471), a 
litre of the solution saturated at lo^C. (which has a specific gravity of 1'144) contains 
268-77 grms. salt, and 886-34 grms. water. The salt is insoluble iu alcoholf and is pre- 
cipitated by alcohol from its aqueous solution in yellowish-white pearly scales. 

Decompositions. — 1. Ferrocyaiiido of potassium heated in a close vessel molts at little 
above a red heat, giving off nitrogen and leaving a mixture of cyanide of potassium 
and carbide of iron. If, however, it contains moisture, it likewise evolves carbonic acid, 
ammonia, and prussic acid. When the salt is heated with a sufficient quantity of 
h/dratt or carbonate of poiasaium, no nitrogen is evolved, but the residue contains tho 
whole of the cyanogen in tho form of cyanide and cyanate of potassium, mixed with 
metallic iron, which sinks to the bottom of the melted mass. On this reaction is 
founded the preparation of the impure salt called “Liebigs cyanide of* potassium,’* 
which is largely employed for galvanic gilding. 

2. Both the crystals and tlio solution decompose slowly when exposed to lights 
giving off hydrocyanic acid, dejwsitiiig ferric oxide or pni^sian blue, and acquiring an 
alkaline reaction. Tho solution is also slowly decomposed by boiling in an open vessel, 
auiinonia being given off and the liquid becoming alkaline. 

3, Oxygen^ in its ordinary state, does not alter ferrocyanide of potassium at ordinary 
temperatures ; but in an atmosphere containing osone^ as for example in a bottle con- 
taming moist phosphorus, the salt is gi’adually converted, from witliout inwards, into 
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ferricyanide (red prussiato). The same transformation takes place when a solution of 
the salt is subjected to the action of the d^cttio current y ferricyanide of potassium 
being formed at the positive pole» while hydrogen and potash are eliminated at the 
negative pole. 

4. The salt heated to rednese in contact with the air is cx)n verted into cyanatoof 
potassium; also when ignited with reducible metallic oxides, such as the oxides of 
lead and iron, peroxide of mangiincse, &c. In fact, fused ferrt^cyanide of pobissium 
reacts with oxides and sulphides just like the cyanide, inasmuch as it is converted 
into cyanide by fusion. 

5. The aqueous solution is converted by finely divided peroxide of lead into ferri- 
cyanide of potassium, slowly in the cold, more quickly when heated, completely in a 
few hours at the boiling heat : the other products of the reaction are carbonate of 
potassium and basic carbonate of lead. The same trausformfition is produced, though 
loss easily, by finely divided peroxide of manganese ; on the addition of a dilute acid, it 
takes place quickly. Permcttiganaie of potahsium converts ferrocyanide of potassium 
chicily into ferricyanide, together with a small quantity of nitrate. 

6. Chlorine converts either the pulvcrise<l salt or the solution into ferricyanide of 
potassium : 

2K<Fe0y« + CF = KWCy>* + 2KC1. 

Bromine acts in a similar manner. (Sraee.) 

7. Iodine dissolves abundantly in a warm solution of ferrocyanide of potassium, if 
only a sufficient quantity is added to form an olive-green solution. An iodo- ferri- 
cyanide of potassium, 2KI.K"Fe2Cy'*, is deposited on cooling, in the form of a 
golden-yellow crystalline powder having a silky lustre. (Preuss, Ann. Ch. Pharm. 
xxix. 323.) 

8. Strong nxirui acid heated with ferrocyanide of potassium decomposes it com- 
pletely, giving off cyaiiogon, nitrogen, nitric oxide, and carbonic acid, and forming 
ferric axido and nitrsite of ptitassium. Moderately strong nitric acid dissolves it, 
forming a coffee-coloured solution, which contains ni tro-ferricyanido or nitro- 
prusside of potassium (p. 250). 

9. Aqueous chloric and iodic acids are said to convert the ferrocyanide into ferri- 
cyanide, with evolution of chlorine or iodine. 

10. Chromic acid and solulilo chromutos convert the ferrocyanide into ferricyanide. 
(Schdnbein, J. pr. Chem. xx. 14o.) 

11. The ferrocyanide melted with sulphur is converted into sulphocyanate of p<jtas- 
flium, mixed, according to the temperature, with dicyanido of iron, sulphocyanate of 
iron or mellone-compounds. (See Sui,phocyanatk.s.) 

12. Fused in like manner with selenitm, it yields solenocyanato of pot^sium {a, v.). 

13. Heated with strong sulphuric acid, it gives off carbonic oxide, and leaves a 
residue of sulpliate of potassium, sulphate of ammonium, and l^ous sulphate: 

CWK^Fe.aiPO + en^SO* + 3H*0 « 2K^S0* + 3{NTl')*SO« + FeSO< + 6CO. 


When the acid is first poured on the pulverised salt, the mass boi^omes hot and gives 
off a small ^lantity of prussic acid. On applying heat, the white pJisty mass dissolves 
and gives off abundance of carbonic oxide, which is pure, excepting that it has a slight 
garlic odour; no hydrocyanic acid passes over with It, but ouly a trace of formic acid ; 
finally also a small quantity of sulphurous anhydride is evolved; but if the heat bo 
continu^ after all the carbonic oxide has passed over, large quantities of sulphurous 
anhydride are evolved and the ferrous sulphate is converted into ferric sulphate, which 
r n potassium, forniiiigan iron-alum, K-(¥e^Y^(SO *)^ (F o w n e Si 

Phil. Mag. [3] xxiv. 21 ; see also Grimm and Ramdohr, Ann. Ch. Pharm. xcviii. 
127 •} 

14. The etrmigeT acids added in the state of dilute solution, and not in too great 
61 ^, to a solution of fei^yanido of potaasiiim, produce no apparent alteration ; but 
• ®‘'’‘'’' *•'"'*'* forroprussic acid ha* been aeparated 

(p. 226). The mixture becomes turbid when heated; boils below 100° C.- mros off 
half the cyanogen of the ferrocyanide in the form of hydrocyanic acid ; depiSits the 
white or yellow powder of ferrocyanide of iron and potassium, K*Fe*Cy* ; and then con- 

»«ting acid with three-fourths of the potassium, 
bupposing that the ferrocwnide of potassium is not completely decomposed m the cold 
— whi^, though not certain, may be assumed as true when only 3 at enlphuric acid 
are used— the equation will He : J 


2K<FeCy* + 3H*S0‘ = 6HCy + K=Fo»Cy* + 3K»SO'. 

of potossium is completely decomposed at the commeneemeht 
without the aid of heat, into femiprussic acid and a potaseium-salt, we muat supposi 
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fhftl the ferroprnssic acid, when resolved by heat into hydrocyanic acid and H*Fe*Cy*, 
takes up 2 at potassium from the potassium-salt produced : 

2H*FeCy« + 2K*SO< « 6HCy -f K*Fe*Cy« + 2KflSOt 

According to calculation, 211-4 parts (1 at.) of crystallised fferrocyanido of potassium, 
vield 40 - 6 ptfl. (U at.) or 19 per wnt of hydrocyanic acid . ^ ^ 

^ 15 Ferrocyanide of potassium boiled with mercuric oxide is gradually decomposed, 
with formation of mercuric cyanide, which remains in solution, together with carbonate 
of potassium formed by absorption of carbonic acid from the air, while ferric hydrate 
produced by absorption of atmospheric oxygen, is deposited (Vauquelin): 
2(K*FeCy*.3lI*0) + 6Hg"0 + 4C0* + O — 6Hg'*Cy* + 4K‘‘CO* + Fe*n*0* + 3H’*0. 

If the quantity of mercuric oxide is not sufficient for complete decomposition, the 
liquid deposits pale yellow rhombic tablets, probably a double salt of cyanide of 
niprcury with ferrocyanide of potassium (Preuss, Ann. Ch. Pharm. xxix. 324). When 
1 pt ferrocyanide of potassium is boiled with 2-5 pts. mercuric sulpfuitc and 8 pts. 
water, cyanide of mercury is formed, together with sulphate of potassium and ferric 
sulphate, and metallic mercury is precipitated, together with a small quantity of a 
greenish-white powder : 

2K^FeCy« + 7IIg 'SO« - GHg^'Cy* + iK^SO* + Fe*(SO')> + Hg. 

The ferrocyanide boiled with mercuric nitrate or cUoridc, forms a double salt, 
K*Hg"Cy^ + 2 aq., which crystallises inw'hite micaceous laminai (Desfosses). Tho 
Iiot solution of the ferrocyanide takes up a largo quantity of mercuric iodide.^KcA on 
cooling deposits a double salt which crystallises in lamin®. (Preuss.) 

16. When the solution of the ferrocyanide is boiled with nitrate of silver^ a dirty 

blue precipitate of ferrous cyanide is produced, while cyanide of silver and potassium 
remains in solul ion : . 

K^FeCy* 4- 4AgCy 4KAgCy* + FoCyJ> 

A similar reaction takes place with chloride of silver (Gorb. i. 327) : 

K<FeCy« + 2AgCl * 2KAgCy« -»• FbCy* 4- 2KC1. 

17. When tho solution of fen-ocyanide of potassium is boiled with a few drops of 
seequichhridc of iron, a certain quantity of ferricyanicle of potassium is formed, so 
that the liquid yields a deep blue precipitate with ferrous salts : 

SK^FeCy* 4- Fe*CP - KWCy»* 4- 3FeCy» 4- 6KC1. 

A small quantity of fcrricy’anide is also formed on boiling the ferrocyanide with a 
large excess of j)nissian blue. (Williamson, Ann. Cli. PJiarra. Ivii. 238.) 

18. WhcMi Ihrrocyanide of potiissiura is heated with sal-ammoniac, either dry or in 
pohitioii, cyanide of ammonium volatilises, while chloride of potassium and chloride of 
iron remain (Dnflos, Schw, J. Ixv. 106. Bincau, Ann. Ch. Phys. Ixvii. 231.) 

19. Tho aqueous solution of ferrocyanide of {wtassium forma with the salts of most 
of the earth-metals and hcavy-mctals, precipitates consisting of ferrocyanides of those 
metaLs, e, g , : 

K*FoCy® + 2CuCP « Gii^FeCy® -I- 4KC1 ; 

tho precipitate generally carries down with it a small quantity of the alkaline ferro- 
cyanide, which is difficult to remove by washing. The colours of many of those preci- 
pitates are very characteristic, and renSer ferrocyanide of potassium a valuable reagent 
for the detection of metals in solution. The colours exhibited by tho most important 
inetids are given in the following table. 

Heactions of Ferrocyanide of Potassium with Metallic Solutions^ 

Salta of Aluminium • . White precipitate (after some time only). 

„ Antimony . • White. 

„ Bismuth . • . White, insoluble in hydrochloric acid, 

„ Cadmium. , . White, soluble in hydrochloric acid. 

„ Chromium . • No precipitate. 

I, Cobalt . . . yellowish-green, turning grey after a while ; insoluble 

in hydrochloric acid. 

„ Copper (cupric) • Red-brown, insoluble in hydrochloric acid. 

,» Gold . . • Emerald-green coloration ; no precipitate. 

„ Iron : (ferrous) , White precipitate, quickly turning bl^ain contact with 
the air; insoluble in hydrochloric rtCid, ^ 

(ferric) • . Deep-blue, insoluble in hydrochloric aeWfe 

B 


voi.n. 
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Bolts of • • • White, j i \ 

Magnesium . . White (only in concentrated solutions). 

H Manganese . . White, soluble in hydrochloric acid. 

„ Mercuiy (mercurous) White, gelatinous. , - - 

(mercuric) . Wliite, becoming blue after a while, from formation of 
” ” ^ Prussian blue. 

„ Molybdenum . . Brown. (See page 230.) ^ 

Nickel . . . Wliite, with greenish tinge, insoluble in hydrochloric 

” acicL 

„ Silver . . . Wliite. 

„ Tin (stannous and 

stannic) . . Wliite, gelatinous. 

„ • Uranium (uranous) . Light-brown. 

„ „ (uranic) . Iled-brown. 

„ Zinc . . . White, gelatinous, insoluble in hydrochloric acid. 

The solutions to which the reagent is applied should bo modoratoly aeidiilatcd : too 
great an excess of acid is likely to decompose the ferrocyanide of jiotassiuin, and tliius 
mask the reaction ; and in alkaline liquids the precipitates are not produced at all. 

The presence of iron in ferrocyanide of potassium is not exhibited either by caustic 
alkalis, or by sulphide of ammonium. 

Estimation of Ferrocy anide of l*otassium.---T\\Q oi this salt contained in a 

solution, may bo determined by means of permrtmjanatr. of potassinm^ which, when 
added to an acidulated solution of the ferrocyanide (containing therefore forroprussii; 
acid in the free state) converts it into ferricyanide : 

lOlinVCy* + Mn^IUO® + 4Tl(n - .‘>IT«Fe’Oy» + 2Mna» -f 8H*0. 

The solution of pormanganato is graduated by means of a standard solution of ferro- 
cyanide of potassium containing 20 grammes of the pure crystallised salt in a litre ; of 
this solution 10 cub. cents, are diluti'd with 2o0 euh. cents, water; the liquid is 
acidulated with hydrochloric acid; and tlic solution of permanganate is then added till 
the yellow colour of the liquid changes to the yellowisli-rc'd of the ferricyanido. As 
the solution of permanganate changes very rapidly, tliia modi* of graduation (wliich is 
very quickly executed) must be repeated before each .series of determinations. 

To apply the method to the estimation of an impiiro sanqile of yellow pnissiate, 
6 grammes of the salt are dissolved in 250 cc. water, and 10 cc. of the solution are 
treated with the solution of permanganate who.se strength has just been determined. 
If, for example, 80 burette-divisions of the permanganate solution are required to 
decompose 10 cc. of the solution of pure ferrocyanide, and only 70 dhdsions for 10 cc. 

70 

of the solution of the given sample, that sample will contain ^ or 8 7 '5 per cent of 

oO 

pure crystallised ferrocyanide (De IT aen, Ann. Cli. Pharm. xc. 160). Slater (Clicni. 
Gaz: 1855, p. 460) graduates the solution of permanganate by adding it to the normal 
solution of ferrocyanide till the last drop no longer produces any green coloration. 

This method will not, however, give accurate results, if the yellow prus.siate is con- 
taminated with any substance whicli can likewise exert a reducing action on the per- 
manganate. If such are present, or suspected, the salt must be first precipitated as 
pruasiau blue (ferric ferrocyanide), and, after careful washing, reconverted into ferro- 
cyanide of potassium by pure potash. This purified salt may then be treated by the 
method just described (Hoffmann.) 

Brunnquell estimates the amount of ferrocyanide of potassium in a sample by the 
quantity of a ferric salt required to precipitate a given quantity of it. The standard 
ferric solution is prepared by dissolving 83*70 grm. of pure crystallised ferrous sulphate 
in water, nnd boiling the solution with nitric acid till it is completely oxidised, and 
diluting to a litre. 100 cc. of this solution will precipitate exactly 10 grm. of pure 
crystallised yellow prussiate in the form of hydrated ferric ferrocyanide ; 

3(K<FeCy«.3H*0) + 2Fe*(SO*)» « Fe'Cy>».WPO -h 6K‘'*S0\ 

taking into account the small quantity of the yellow prussiate which is carried down 
with the precipitate. 

To apply this solution in estimating the value of a sample of “metar’ (p. 232), 
10 grm. of the metal are dissolved in water ; a few drops of the standard ferric solution 
are added from a burette, then a small quantity of dilute nitric acid, till the precipitate, 
which is brown at first, turns blue ; the test-liquid is then added as long as prussian 
blue continues to form. To know when the reaction is complete, a drop of the liquid 
is let fall on filtering paper, and the colourless circle which forms round the blue s^t 
is tested with ferric solution diluted for the purpose ; and the addition of the iron 
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Bolution to the liquid under examination is continued till the sample on the Altering 
paper is turned brown on addition of the iron*salt (from formation of sulphooyanate of 
iron), or, till it turns blue on addition of yellow prussiate, showing that it contains a 
slijrht excess of ferric salt (Brunnquoll, Polyt Contralb. 1863, p. 771; Handw. d. 
Chem. 2«* AuA. ii [2] 206). 


Fereocyanidb of SfLYsn, Ag*FeCy*.~White precipitate, turning bluish when 
exposed to the air ; soluble in ammonia, insoluble in ammoniacal salts. When heated, 
it glows, gives off cyanogen and nitrogen, and leayes carbide of iron mixed with 
mtJtaJlic sdver. Nitric acid converts it into the orange-yellow ferricyanido, Ag*Fe‘^Cy® 
(Glassford and Napier). Strong sulphuric acid also decomposes it, forming 
sulphate of silver.^ Other acids, even hydrochloric acid, exert no decomposing action. 
Cyanide of potassium converts it into argentocyanido and ferrocyanide of potassium : 
Ag^FeC^* -I- 8KCy — 4KAgCy* + K*FeCy\ (Griassford and Napier, Phil. Mag. 
[3] XXV. 71.) 

Ferrocyanide of Sodium, NaWCy®+ 12 IPO.—TJsuaUy obtained by adding 
Prussian blue to caustic soda as long us tlie blue colour changes to brown, then filter- 
ing and crystallising. The crystals are pale yellow, transparent, oblique rhombic 
prisms, efflorescing in warm air, soluble in ^ pts. cold water, insoluble in alcohol. 

The crystals belong to tlie monocHnic system. Dominant faces ooP . [ ooPoo 1 . 
oePao . [Poo]. Inclination of ooP : ooP »= 40'; ooP : fooPoo] « 139o 60'* 

ooP: ooPoo « 130® 10'; [Poo ] : [ ooPoo ] 127® 6G' ; ooP ; [Poo] = 118® 33'! 

Tlie faces [ ooPoo ] are often much developed. (Bunsen, Pogg. Ann. xxxvi. 413). 

As soda is very much cheaper than potash, it has been pnq^osed to prepare ferro- 
cyanidc of sodium on the manufacturing scale by fusing carlx)nate of sodium w ith 
iininial matter and iron. The sodium-salt is, however, much more difflcult to crystallise 
thiin ftTrocyanide of pofcissium, and would tlierefore bo scarcely separable from the 
very inqiure lyes obtained by lixiviating the metal. The preparation of fen-ocyaiiido 
of sodiiiin, might, however, succeed by Brunnqiiell’s process (p. 238). But, as already 
observed, the most promising substitute for tho ordinary yellow prussiate appcai‘s to 
be the ferrocyanide of bai’ium (pp. 224, 239). 

Ferroci/anidc of Sodium and Potassium, NaK*FeCy« + ,piq.— Obtained by 
treating a mixture of ferricyanide of potassium and grape-sugar with caustic soda, or 
by boiling a solution of the coiTcspondmg ammonium salt (N IP)K*FeCy*, with caustic 
soda ; it may bo purified by precipitating with alcohol and recrystallising. It forms 
rli online or nearly square prisms, having a glassy lustre and easily soluble in water ; 
f iioy do not give off their water below 200® C. Chlorino appears to convert the salt 
in sodio-potussic ferricyanide, NaK^FeCy®. (Reindel, J. pr. Chem. Ixv. 460.) 


I'ERRoCyANIDRS OF TiN. 
FllRROCYANIbES OF UrANIUM. 


See p. 242. 


b KuuocYANiDE OF ZiNO, Zn^FoCy* + 3 aq., is precipitated as a white powder, 
on mixing thi! solution of a zinc-salt witli ferrocyanide of potassium ; also, according to 
Jonas, by digesting mebillic zinc with pulverised prussian blue mixed with hydro- 
chloric acid ; hydrogen is thus ev’olved, and the mixture gradually loses its blue colour, 
but the reaction is not complete for some days. 

Ammonio-f errocyanide of Zinc, 3NIP.Zn-FcCy® -i- aq., or Ferrocyanide 


of Zinc and Diammo - z inc ammoniuyn, Fe^Cy** + 2aq.— Obtained 

ns a crystillino precipitate on adding ferrocyanide of potassium to a dilute solution of a 
zi nc-salt supersaturated with ammonia. (B u n s o n, Pogg. Ann, xxxiv. 1 3 6 ; M o ii t h i e rs. 
J. Pharm. [3] xi. 263.) 


l*eiTioyanldc8 or Ferrldoyanides. 

MWCy” = 6MCy.Fe*Cy®. 

These salts, discovered by Leopold Qmelin, differ from tlie ferrocyanides only in 
containing 2 at, metal less with the same quantity of iron and cyanogen, and are con- 
Rcqiiently produced from the fcrrocyanides by the action of oxidising (metal-abstract- 
agents, chlorine, chromic acid, peroxides, &c. : 

2M^FeCy« - M* * M«Fo»Cy". 

Ferrocyanide, Ferricyanide. 

On the other hand, ferricyanides are converted into fcrrocyanides by the action of 
WHlucing (metal-adding) agents ; thus ferricyanido of potassium is converted by grape- 
*ugar in presence of potash into ferrocyanide of potassium, and in presence of soda or 

B 2 
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ammonia, into the doable ferrocyanide of potaseium and sodium or ammonium (pp. 22i 
243). The conrersion of a ferrocyanide into a ferricyanide is therefore precisely analo- 
gous to that of dichloride of iron info trichloride, the iron, as in other cases of 
oxidation, being altered in such a manner, that whereas in the ferrocyanides I at. iron 
w equivalent to 2 at. hydrogen, in the ferricyanides 2 at. iron arc equivalent ti> 6 at. 
hydrogen, or 1 at. iron to 3 at. hydrogen. 

The relations between the ferro- and ferricyanides may perhaps be most clearly 
seen by expressing their composition in equivalent instead of molecular formulae : 


Ferrocyanide of potassium . 
Ferricyanide of potassium . 
Ferrocyanide of iron and potassium 
Ferricyanide of iron and potassium 


. KWCy* 

. K=*fe*Cy« 

. (K'‘‘Fe«)Fe*Cy« 
. (KFe*)fe»Cy« 


The equivalent formulae of the simple ferricyanides, such asK®fe*Cy®, are divisible hy 3, 
and may be reduced to MfoCy'^ or MCy.feCy. 

The ferricyanides may also be regarded as eontaining the com[)Ound radicle, ///m- 
or/<?mV?-cyanogen, Fe'-^Cy^ = Cfdy: e.g. K‘‘Fe‘‘^Cy*' = K^Cfily. 

The ferrocyanides of the alkali-metals are easily soluljle in water and crj’stallise 
well ; both crystals and solutions have a fine red colour. The ferricyanides of the 
alkaline earth-metals are also soluble in water ; most of the others are insoluble or 
difficultly soluble, and may be formed by precipitation. 


Ucactions of aolvUe Ferricyanides with Metallic Salts, 


Salts of Aluminium 
„ Antimony 

,1 Cadmium 

„ Bismuth . 

„ Cliromium 

„ Cobalt 

” Coj)^)cr (cupric) 

„ Iron (ferrous) 

„ „ (ferric) 

I, Lead 

„ Magnesium 

„ Manganese 

„ Mercury (mercurous) 

»» 1 , (mercuric) . 

Nickel 

„ Tin (stiinnous) . 

•, ,, (stannic) , 

„ Uranium (uranic) , 

ft Zinc 


No precipitate. 

No precipitate. 

Yellow precipitate, soluble in acids, ammonia, and am- 
moniacal salts. 

Light brown, insoluble in hydrochloric acid. 

No precipitate. 

Dark brown-red, insoluble in bydroehloric acid. 
Yellowish-green, insoluble in liydrochloric acid. 

No precipilate. 

Dark blue, insoluble in acids. 

No precipitate, tholiqiiid merely becoming a little darker. 
No precipitate. 

No precipitate. 

Brown precipitate, insoluble in acids. 

Bed-brown, turning whit© after some time. 

No precipitate. 

Yellowish-green, insoluble in hydrochloric acid, 

Wliitc, soluble in hydrochloric acid. 

No precipitate. 

No precipitiite. 

Orange precipitate, soluble in hydrochloric acid. 


Fbukicyaxidb op Ammonium, (NH^)“Fe*Cy'* + 6nq., obtained by the action 
of chlorine on the ferrocyanide, forms oblique rhombic prisms, of a fine red colour, 
permanent in the air, veiy soluble in water. 

Fbubiotanidb of Copper. — Yellowish-green precipitate, soluble in ammonia; 
and always retaining a small quantity of the alkaline ferricyanide uaed to preeijn- 
tate it 

Ferbictanide of Hydrogen, or Fbbriprussio Acid, H*Fe*Cy’* * 
6HCy.Fe*^*, is obtained by decomposing ferricyanide of lead with an exactly equiva- 
lent quantity of dilute sulphuric acid, and evaporating the filtrate at a gentle heat. It 
forms brownish needles, easily decomposed by a stronger heat; reddens litmus 
strongly, and has a rough sourish taste. The solution gives a dark blue precipitate 
with ferrous salts, and alters the colour of ferric chloride to a liL^hter brown. (Gm. 
vii. 448.) ^ 

Ferricyanide of Iron. — a. Ferrous Ferricyanide^ Fe^Cy** + *“ 

(Fe'")*.(Fe*)^‘Cy** + jraq. Fe*fe*Cy* + jaq. — This compound, commonly called Turn- 
buUrs blue, is obtained by precipitating a ferrous salt with ferricyanide of potassium: 

3FeCl* + K«.Fe*Cy« « 6KC1 + Fe* Fe*Cy'*. 

A poftion of the alkaline ferrocyanide goes down with the precipitate, but may be 
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red according to Williamson, by digesting the precipitate for some time 
of protochloride of iron, and then washing with boiling water. 

F when dr^, is of a deep blue colour, more delicate than that of 

liiiary prusaian blue, with a tinge of coppcr-red ; it cannot, however, bo dried corn- 
el telv without partial decomposition, attended with evolution of hydrocyanic acid. 
When heated in contact with the air, it is converted into a mkturo of ferric oxide 
and ferric ferrocyanide (p. 227) : 

12Fo*Cy'=* + 0® « 2bV0* + 8Fe’Cy»*. 

Heated with aqueous potash or carbonate of potassium, it is converted into ferri- 
C 3 anide of potassium and fcrroso- ferric hydrate : 

Fe'-Cy** + 8KH0 = 2KH^eCy® + Fo»OMH*0. 

This reaction distinguishes it from ferric ferrocyanide, which yields ferric hydrate 
wlion treated with aqueous alkalis. 

T'urnbull’s blue is occasionally used by the calico-printer, who mixes it with per- 
fhloride of tin, and prints the mixture, which is in a great measure 8olu1»le, upon 
Turkev-red cloth, raismg the blue colour aftcTwards by passing the cloth through a 
sfilutioii of bleaching powder containing exe(‘.ss of lime. The chief object of that 
operation is indeed different, namely to disclnirge the red and produce white patterns 
wIh'to tartaric ucid is printed on the cloth ; but it has also the cffi'ct incidentally of 
precipitating the, blue pigment and stannic oxide together on the cloth, by neutralising 
till- acid of the stannic chloride. {Graham's Klcnunts, 2nd edition, voL li. p. 40.) 

b. Ferroso -f erric Ferricyatiide^ Fo**Cy*® + a’aq. = [bV.2(Fe*)^*]. 

3( — This compound, often called Prussian green^ is pHniuced by t.ho ucti<m 

of eliiorinc in excess on aqueous ferro- or ferri-cyanido of potassium; also by leaving 
the frrrwyaiiido for some time in contact with aqueous acids, (jspoeially in hot 
solutions (Pelouze). To obtain it pure, chlorine in excess is passed into a solution 
of yellow or rod prusaiate; the liquid is heated to boiling; and the preeijntato is 
boih'd with strong hydrochloric acid to extract oxide of iron and decompose any 
Prussian blue that may have been formed at the same time, this treatment being 
continued till tlie liquor is no longer turned blue on addition of water (Pelouze, Ann. 
( 111 . Pliys. [2] Ixix. 40). Williamson appears to have obtained the same compound 
by the action of nitric acid on ferrocyanide of iron and potassium (p. 229). 

Prussian green, heated to 180° C., gives off cyanogen, with a little hydrex^yanic acid, 
and is converted in a short time into a violet-bluo compound; by prolonged contact 
with tlio air it is converted inte prussian blue. Potasli decomposes it, separating 
ferric liyJrate, and forming a solution of yellow and red prussiato : 

2Fe'®Gy®® + 42KHO = CKH^eCy® + 3K®Fe’'Cy'* + 7FeHPO®. 

Vo tassio-f errous Ferr i eg anide, KUVCy'* = (K^lV).(Fo*)^*Cy’*. (William- 
son, Ann. (di. Pharm. Ivii. 228.) — This compound, which may also be regarded as 
putaasio-ferric ferrueganidey K'^(lV‘)''*.Fe*CY''', is produced by the action of oxidising 
agent .s on potassio-ferrous ferrocyanide, (K‘Fo).FeCy® (p. 229). To prepare it, I pt. of the 
white compound is digested in a basin with 1 pt. nitric acid and 20 pts. water, the 
liquid being constently stirred. As the terapox’aturo approaches the boiling-point, 
the compound begins to turn blue and nitric oxide is evolved ; as soon as this evolution 
of gas becomes rapid, the basin must be removed fn ni the fire ; the gas, however, con- 
tinues to escape till the solid compound has assumed a deep blue colour. If the 
colour be not deep enough, the compound must be again heated with fresh nitric acid, 
till a sample decomposed by caustic potash no longer leaves ferroso-ferric but pure 
ferric oxide. The product is then to be washed till the wash-water no longer loaves 
a residue of nitre on evaporation. If the action of the nitric acid has been too strong, 
the resulting blue compound, when treated with potash, yields the red instead of the 
yellow prussiate, and is then useless. 

Whon dry, it exhibits a very beautiful violet colour, with scarcely any coppery 
lustre. The recently precipitated compound, suspended in water, appears green by 
traii.smitted light 

Tly further boiling with nitric acid, this blue compound is converted into a dark green 
8u]>8tance, which appears to bo identical with Pelouze’s prussian green. It is decom- 
pjsei^l by aqueous potash, yielding ferrocyanixle of potassium and ferric hydrate : 

KTe^Cy»* + 6KHO - 2K*FeCy® + 2FeH*0>. 

PoUssio- ferrous feiTicyanide digested with solution of ferrocyanide of potessium 
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eonrerts the latter into ferricyanide, and ie itself converted into white pota8aio>fen!ona 
femx^aoide ; 

2KFe‘Cy* + 2K*FeCy‘ = K'Fe’Cy" + 2K»Fe>Cy*. 

blue yellow red white 

compound. pruistate. prusilate. compound. 

FEitniCYANiDE OF Lbad, obtained by mixing nitrate of lead with feppicyanide of 

potassium, forms dark red-brown crystals, grouped like cocks* combs ; they are slightly 
soluble in cold w’ater, rather more in hot water. 

Fehuictanidb of Maonbsiom.— Obtained by treating the ferrocyanide with 
chloriite. Very soluble, uncry stallisable. 

Feiiuicyanide op Nickk l. — ^Yellowish green precipitate, insoluble in hydro- 
chloric acid. 

On adtling fomeyanido of potassium to an ammoniacal solution of nitrate of nickel, 
a precipitate is I'orriitd of a fine yellow colour, solublo in excess of ammonia, and 
having the composition of an amnionio-ferricyanide of nickel, 4NH“.Ni*Fo*Cy** + aq., 

or ferricyanide of nickel and nickd-animonxum, ^ NiJ^VCy*-^ + aq. 

Fekkicyantdr OF Potassium, 7C*Fo*(y* = CKCy.Fe*Cy®. Ferridcyanide of 
Votnssium, J{( d prufsaiatc of Votash, {Rothes Cyanciscyikalimn, rothes Blvilaugcnsals, 
Kaliumtisencyavid, Ferrideyankalium.) -—This beautiful salt, which was discovered by 
Leopold Qmelin (Sehw. J. xxxiv. 325; Handbook, vii. 468), is obtained by the 
action of oxidising agents on ferrocyanido of potassium. It is usually prepared by 
passing washed chlorine gas (with coii.stant agitation, to ensure uniformity of action) 
through a cold solution of the yellow prussiatc, till a sample tesltKi with a ferric salt, 
no longer fornns a dark blue precipitate, but a clear brown mixture. Tlie liquid is then 
evaporattid till it crystallises, and the crystals are purified by repeated crystallisation 
from hot water. Larger crystals are obtained by hot evaporation than by cooling from a 
rapidly boiled solution. The mother-liquor contains scarcely anything but chloride of 
potassium. 

If the passage of the chlorine into the liquid is continued too long, prussian green 
is produced, wliieh greatly interferes with the crystallisation, and cannot be separated 
by filtration, as it runs through the filters. To remove it, Posselt (Ann. Ch.Pharin. 
xlii. 170) evaporates the solution to the crystallising point, then boils it^ adding a few 
dro^s of caustic potash, just sufficient to decompose the green compound and separate 
feme oxide (p. 2*15), then filters, and leaves the solution to crystallise by slow cooling. 
An excess of pobush mast be carefully avoided, as it reconverts the red into yellow 
prassiate ; a certitin quantity of the latter is, however, necessarily formed in the decoui- 
position of the prussian green (p. 245). 

It is not., however, an easy matter to obtain perfectly pure ferricyanide of potassiiun 
by the preceding process, partly on account of the chloride of potassium necessarily 
produced, partly on account of the pnissian green, tho formation of which can scarcely 
bo avoided, both of these substances interfering greatly with the formation of good 
crystals. A sure way of obtaining a pure salt is to digest tho solution of the j'ellow 
pruHsiato witli au excess of potassio-fi^rrous ferricyanide (p. 245), which converts it com- 
pletelyinto rod prussiate. The liquid, filtered and evaporated, yields atonco pure crystals 
of the ri‘d-salt. ^ The pale residue on the filter, which consists of white potassio- 
ferrous foiTocyanidc, mixed with the excess of tho blue salt used, may be entirely re- 
converted into the latter by digestion with nitric acid, so that it may be repeatedly 
used for converting fresh quantities of the yellow prussiate into the red. (Wi Hi amso n.) 

Yellow prussiate may also be converted into red by tho action of hypochlorites, by 
digesting the solution with finely ])ulverised peroxide of lead or manganese, by ozone, 
or by placing it in the circuit of the voltaic battery (p. 240). 

bor mimufacturing purposes, the chlorine process is invariably used, the yellow 
prussiato being treated with chlorine, either in tho dry or in the wet way. In the dry 
way, red prussiate is prepared by spreading the pulverised yellow salt on shelves in 
a chamber in^^ which chlorine is passed, just as in the manufacture of bleaching 
pow;.ler. In this manner, a bluish-groon powder is obtained, which Is a mixture of the 
ferncyanido with chloride of potassium, likewise containing either decomposition* 
products of tho former, or unaltered yellow prussiate. 

The wet method of decomposition, which is more frequently practised, is exactly 
similar to the laboratory process above described. Tho last mother-liquors, which 
contain chiefly chloride of potassium with a small quantity of red (and sometimes also 
yellow) prussiate, arc either evaporated to dryness and sold as “blue powder** for 
dyeing wool blue ; or they are precipitated with solution of ferrous sulphate, the pro- 
cipitito being sold os prussian or Turnbull’s blue. 

VtopctHcs^ •— Ferricyanide of potassium foiius prismatic crystals of a fine blood-red 
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wlour sometimes retylaj^e. According to {KryttaOographit, p, 811), thw 

l,rlonizt<) the monoclinic Bystem, the ordmaiy combination being ooP. ooPoo . + P* -P 
(fin, 363). Batio of axes a: b: o » 0*7457 : 1 : 0*6986. Inclination of b: o m 
aiicle ooP : coP in the clinodia- j?Y( 7 . 363. 

* rtao +P* +P ^ 


/ 


i 


^ / 


conal RHftiou — 76° 4 . . 

4'; _P; «P - 119° 28'. Twin- 
crystals 'sometimcB occur, united by the 
fare cePoo 364), and having very 
inueli the aspect of rhombic prisms. 

Sell a bus, indeed (Wien. Akad. Ber. 

I«o0, p. 6H2), regards the crystals of 
ferrieyanide of potassium as rhombic or 
tri metric, having their axes in the ratio 
I ‘j4l8 : 1*6706 : 1, and ordinarily exhi- 
Mtiag the combination ooP . ootoo . 
r . i*2 . ; he attributes their mono- 

rlinic aspect to the occurrence of the 
fjce in combination with fP§ on the 
diic side of tlie brachydiugonal principal section, and with ooP and oof co on the 
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Tlie crystals are anhydrous, and have a specific gravity of 1*800 (Schabus), 1*845 
(AVallaee). The salt has a saline, slightly astringent taste, neutral reaction, and 
\ id (Is an orange-yellow powder. It dissolves (tasily in water, the concentrated solution 
having a brownish-yellow, and the dilute solution a lemon-yellow colour. 

One part of the salt dissolves : 


at 4*1° C. in 3*03 pts. water, forming a solution of specific gravity 1*161 


„ 10*0 „ 2*73 1*164 

„ 15*6 „ 2*54 1*178 

„ 37*8 „ 1*70 1*225 

„ 100*0 „ 1*29 1*260 

„ 104*0 „ 1*22 1*265 


Tim concentrated solution boils at 104° C.; it is precipitated by alcohol, but the salt 
is not quite insoluble in alcohol. 

I)i compos it ions. ~l. The crystals heated in a close vessel decrepitate loudly, and give 
oT cyanogen with a small quantity of nitrogen, leaving a residue containing cyanide 
jiiid fiuTOcyanido of potassium, prussian blue, amass resembling paracyanogen, charcoal, 
and iron. In tlie tlame of a candle, the salt burns with sparks, — 2. It becomes incan- 
descent when heated with o.vid(i of cojjper^ and detonates sharply when heated Mith 
nitrate of ammonia.— 3. The aqueous solution is permanent in the dark, but decom- 
Ihjscs in .sunliiflt t, also when boiled for a considerable time, being converted into yellow- 
]>nis.siate. — 4. When the salt is dcctrolyscd^ yellow prussiate is formed at the negative 
]«»lc.— 5. Chlorine in excess decomposes red prussiate, chloride of cyanogen and hydro- 
cyanic acid being evolved, whilst the liquid acquires a dark red colour, and on sbinding 
in an open vessel, or more quickly on boiling or on addition of an alkali, deposits prussian 
green. — 6. acts in the same manner as chlorine (Smee). — 7. fiiitricacid forms 

witli tile crystals, gradually, even at ordinary temperatures, a brown solution like that 
which it produces with the yellow ferrocyanido (p. 240) ; it deposits crystals of nitre, 
and contains nitroferricyanide of potassium (Playfair). — 8. The pulverised crystals 
hcMtecl with strong sulphuric acid become pale yellow, and impart that colour to the 
acid ; at a higher temperature, the mass becomes bluish- white and tough ; at a still 
higher temperature, it swells up and evolves combustible gases; and, finally, at a red 
heat, leaves a residue of potassio-ferric sulphate. — Sulphuric acid forms with the aqueous 
solution a green precipitate, which consists of Pe'-'Cy® [?] mixed with a small quantity 
of cyanide of potassium, and turns blue when boile4 with excess of sulphuric acid, part 
of the cyanogen being thereby converted into ammonia (Williamson, Ann, Ch. 
Pharm. Ivii. 243). — 9. The aqueous solution of the rod salt boiled with hydrochloric 
acid deposits Turnbuirs blue, tho reaction being probably attended with evolution of 
cyanogen : 

3K«Fe*Cy»* + 20IIC1 « Cy* + 20lICy + 18KC1 + FeCl* + Fe^Cy”. 

10. Ferrous salts^ added in equivalent quantity or in excess to a solution of red 
prussiate, form a precipitate of ferrous ferrieyanide ; 

K«Fe*Cy’2 t 3FeCP - 6KC1 + Fe»Cy»; 
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but on adding to tho boiling solution of the red salt, a quantity of ferric chloride 
not sufficient for complete precipitation, the yellow ferrocjranide is formed, and ferric 
ferrocyanido is precipitated (Liebig, Ann. Ch. Pharm. Ivii. 237): 

4K‘'Fe2Cy» + SFeCl* - 16KCI + 2K^FeCy» + 2Fe»Cy'» 

11. When the aqueous solution of fcrricyanide of potassium is boiled with mercuriQ 
oxide^ the whole of tho iron is precipitated in the form of pulvenilent ferric oxide, 
to which small quantities of potassium and cyanogen tenaciously adhere (Gmeliu): * 

K»Fo*Cy’* + GUg"0 « 3K*0 + Fc*0» + GHgTy^ 

12. Potash does not act on the solution at ordinary temperatures, or even at higher 
temperatures, unless the liquid be boiled down to a high state of concentration ; in that 
case the red prussiate is converted into tho yellow prussiate and cyanide of potassium, 
with evolution of cyanogen (not of oxygen) and precipitation of ferric oxide (Boudault). 

13. Many heavy mduUic oxides^ in presence of potash, convert tho dissolved red 

pnissiato into the yellow prussiate, the red salt taking up potassium, and the oxygen 
of the potash bringing the heavy metal to a higher state of oxidation (Boudault J, 
Pharm. [3]vu. 437); e,g. ’ * 

K“Fo’Cy»* + 2KnO + PbO « 2KToCy« + PhO* + H*0. 

The action may bo produced by adding to the solution of the red salt either the 
hydrated oxide, tog(^tli(^r with potash, or a mixture of the salt of tho heavy metal with 
excess of potash.— A solution of chromic oxide in potash boiled with the solution of the 
red salt^ yields chromate and ferrocyjiiiide of potassium. — Hydrated manganous oxide 
with potash, or a manganous salt with excess of potash, yields peroxide of manganese, 
even at ordinary temperatures ; if the potash is in large excess, the peroxide produced 
is crystalline; but if tho mang<uious oxide is in larger proportion, brown-red manganoso- 
manganic oxide is produced. — Protoxide of lead dissolved in potash, or a lca<i-8alt 
supersaturated with potash, yields a precipitate of brown peroxide of lead, which is 
generally crystalline, or of rod lead, if the lead-oxide is present in larger proportion, 
—Stannous salts also convert the red salt mixed with potash into the yellow salt.— 
But the protoxides of cohalt and nickel are not brought to a higher state of oxidation, 
even by boiling with a mixture of potash and the red BaU.-^Silver and gold salts, ou 
thetither hand, exhibit a different reaction with potash and the red prussiate; for they 
yielc^ on boiling, a precipitate of ferric oxide, while ferrocyanide of potassium and 
cyanide of silver and potassium, or cyanide of gold and potassium, remain in solution. 
U.—Sul 2 )hydrtc acid decomposes the red prussiate dissolved in water into yellow 
prussiate, ferroprussic acid, and sulphur (Williamson, Ann. Ch. Pharm. Ivii 237): 

2K«Fe*Cy>2 + 2H»S = 3Kn^oCy« + H«FeCy» + S*. 

15. Selenhydric acid and phosphorated hydrogcnVdLQmse impart to tho solution of the 
rod pniSFiate the property of forming a blue precipitate with feryic salts ; and tho 
same change is produced, though more slowly, by tellurhydric acid, arsenetted hydrogen, 
and antimonetted hydrogen gasos (Sclidnbei n).— 16. Amnmiui convert.s the aqueous 
solution of femoyiiiiide of potassium into ferrocyanide of potassium and ferrocyanide 
of ammonium, with evolution of nitrogen (Monthiors, J. Pharm. [3] xi. 264): 

CKWCy'* + 16NIP = 9K*FeCy» + 3[(NH*)l‘^eCy«] + 2N*. 

17. Many other deoxidi.sing agents likewise impart to the aqueous solution of ferricya- 
aide of potassium the property of forming a blue precipitate with ferric salts. The de- 
oxidising agents which produce these effects are: Phosphorus, which acts but slowly; 
—phosphorous acid and the hypophosphUes', — sulphurous acid, which is thereby con- 
verted into sulphuric acid, and sulphites, which are transformed into sulphates • - nitrio 
oxide gas, and even fuming nitric acid, whereas nitrous oxide exerts no reducing 
action. 

18. Similar effect are likewise produced by various metals : viz. arsenic, antimony, 
tin, bismuth, ^ad, iron and sine, more slowly by copper, cadmium-, mercury and silver. 
According to Schdnbein, iron and zinc, immersed in the aqueous solution of red prussiate 
in a close vessel, often remain bright for weeks, whereas, in contact with the air, tho 
Ijqiiid becomes lighter in colour, and ferrocyanide of potassium is formed, together 
with an insoluble ferrocyanide. 

19. The reduction of red to yellow pmssiat-e is likewise produced many 

9u^tances, e, g. by formic, acetic, citric, birtaric, and uric acids, creosote, cinchonine, 
and morphine, not by quinine or stiyrchnino (Bo u d a u 1 1). Ether, alcohol, and sugar 

do not easily reduce the aqueous solution of the red prussiate alone, but much more 
quickly on addition of a ferric salt, in which case pruasian blue is precipitated. Oxalic 
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acid is oxidised by the aqueous solution of red prussiate ; indeed, its presence 
actually prevents the reduction which would otherwise be effected by nitric oxide, 
Bulphydric acid, uric acid, or sugars (Schonbein.) 

All these reductions take place much more quickly in an alkaline than in a neutral 
aoliition of the red prussiate. In the alkaline solution, sulphur and phosphorus, and 
their lower oxides, are quickly converted into sulphuric and phosphoric acid respectively ; 
iodine into iodic acid ; iodiae and sulphide of potassium also reduce the red prussiate 
to the yellow ; oxalic acid is converted into Ciirbonic acid ; cyanide of potassium into 
cyjinatc; sugar, gum, starch, alcohol, and even paper, into carbonic acid and water. 
Indigo is bleached by it, a reaction which has been applied by Mercer (Phil Mag. 
(;il rxxi. 126) in calico-printing. Cotton dyed with indigo and saturated with red 
prussiate is instantly bleached on immersion in potash-ley. 

Ftrricyanide of potassium forms, with the solutions of many of the heavy metaU^ 
precipitates which exhibit veiy characteristic colours (p. 244) ; hence this salt, as well 
as the yellow prussiate, is a valuable reagent in chemical analysis. In dyeing and 
calico-printing, it is used, either alone or mixed with ferrous salts, for the production 
of bliio colours on wool and cotton ; for this purpose the so-called “ blue powder,’* 
obtained by evaporating the mother-liquors of red prussiate is often made available. 

Edimation of Ft/rricyanide of Potassium, — Ordinary red prussiate is generally con- 
taminated with chloride of potassium and with yellow prussiate, the latter being recog- 
nisalilo by the blue precipitate which it forms with ferric salts. For determining the 
proportion of real fcrricyanido in a commercial sample of red prussiate, the following 
methods may be used : 

1, Pru nil quell converts the ferricyanide of potassium into fcrrocyanide, and esti- 
mates the latter by a standard ferric solution in the manner already described (p. 242). 
7'99 grms. of the red prussiate arc dissolved in water ; and the liquid is boiled with addi- 
tion of a few grms. of sulphite or hypoBulphite of sodium, filtered, if a precipitate forma, 
and t(!sted with the graduated ferric solution, 1 cc. of which correspondfl to 1 per cent, 
of ferricyanide of potassium. 

2. Do llaen mixes 10 cc. of a solution of a red prussiate containing 20 grms, in 
a litre, with 6 to & cc. of strong potash-icy, and heats the liquid, after addition of 
0 -5 grm. finely pulverised protoxide of lead, which is thereby converted into peroxide. 
After dilutiun with water, filtering, and acidulation ivith hydrochloric acid, a graduated 
soliilioii of jicrj/ianyanatc of potassium (see 2 i2) is added till the liquid becomes 
clear and of a decided reddish-ycdlow colour. If the sample of red prussiate originally 
contained 3 "clIow prussiate, the proportion of the la tter is determined in a second sample 
by heating with the permanganate solution without addition of oxide of lead. 

Ferricyanide of potassium mixed with iodide of potassium and hydrochloric acid 
yields ferroprussic acid, chloride of potassium, and free iodine : 

K«Fe^Cy'* + 2KI -4 8HCI = 8KG1 + 21I‘FeCy® -f P. 

Coiisoquently 1 at., or 127 pts., iodine corresponds to I at., or 329 pts., ferricyanide ol 
potassium. To apply this reaction volu metrically, 10 cc. of a solution of red prus« 
siat4> (containing from 0*2 to 0 4 gmis. of the salt) are mixed with 10 cc. of a solution 
of iodide of potassium (containing 1 grm. of the iodide), and strong hydrochloric acid 
is joldcd as long as the solution is thereby rendered darker in colour by separation of 
iodine. The free iodine is then estimated by Bunsen’s method with sulphurous acid 
(see Anaj.ysis, Volumetric, i. 266). Lensson (Ann. Ch. Pliarm. xci. 240. J 

4. AVallace (Chem. Soc. Qu. J. vii. 77) determines the amount of ferricyanide by thn 
quantity of stannous chloride required to convert it into ferrocyanide of potassium or 
ftTroprussic acid. The reaction is as follows : 

2K»Fo*Cy‘* + 2SnCD + 4HC1 « 3K^FoCy« + H^FeCy^ + 2SnCD. 

100 grains of pure ferricyanide of potassium are dissolved in IJ oz. water and J ox. 
t'trong hydrochloric acid, and solution of stannous chloride (of specific gravity 1*046) is 
added till tlie liquid exhibits a decided violet or blue without any shade of green colour. 
By treating the sample of red prussiate to be examined wdth the solution of stannous 
chloride thus standardised, the amount of pure ferrocyanide contained in it is deter- 
mined. — 6. Greater exactness appears to be attained by the following process given 
hy Leesching (Jahresber. £ Chem. 1863, 681), in which an alkaline solution of the 
ferricyanide is mixed with a solution of sulpharsenate of sodium, till the liquid becomes 
nearly colourless and the precipitated sulphur is perfectly white. The reaction is ex- 
pressed by the equation: 

6K«Fe»Cy w + 2Na>AsS* + 4K*CO* « 1 iK’FeCy* + Na^^eCy* + 2NaAsO- -4 S® -4 4CO». 
According to this equation, 100 pts. ferricyanide of potassium decompose 20*G pts. 
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crystallised sulpharsenate of sodium, 2Na*A8S* + Ifiaq. 100 grains of the ferricyanide 
are dissolved in 2 oz. of water, and to this solution is gradually added a standard 
solution containing 20 grains (more exactly 20 6 grains) of sulpharsenate of sodium and 
40 to 00 grains dry carbonate of potassium or sodium in 200 burette-divisions* so 
that one division of this solution correspomls to per cent ferricyanide of . potassium. 
The standard solution is gradually added till the liquid has become quite white, and a 
few dwps of it no longer destroy the red colour of a decoction of cochineal. (Handw. d. 
Cbem. 2*« Aufl. ii. [2] 212.) 

Ferricyanide of Potassium and Barium, K^Ba*Fe*Cy** + 6nq., is obtained by 
passing chlorine into a solution of ferrocyanide of potassium and barium, expelling 
the excess of chlorino by boat, adding a little alcohol, separating the resulting blue 
precipitate by filtration, and leaving the filtrate to evaporate. Tlie first crystals 
deposited from the solution (larger than those of ferricyanide of potassium, which 
afterwards separate) consist of ferricyanide of pobi.^sium and barium ; they are short 
hexjigonal prisms, of a deep red colour, and permanent in the air. (Laurent, Compt. 
chim. 1849, p. 324.) 

Ferrictanidk of Sodium, Na*Fo*Cy’*+ 2aq., prepared, like the pfjtassium-salt, 
by the action of chlorino on the ferrocyanide, forms ruby-coloured right four-.side(l 
prisms, w'hich deliquesce when exposed to the air, dissolve in 5*3 pts. of cold, and 1-25 
pts. boiling water. (Kramer, J. Pharm. xv. 98 ; Botto, Ann. Ch. Pharm. xxiii. 117.) 

Ferricyanide of Sodium and Potassium, Na’K®Fe*Cy’*, is deposited from a 
mixture of the solutions of ferricyanide of potassium and feiricyanide of sodium, in 
fine cubic crystals of a garnet-red colour. The solution once also deposit (;d large black- 
brown hydrated crystals, containing 6 at. water, and having the form of hexagonal 
prisms, with angles of 120® ; but on rcdis-solving them in water, the solution yielded the 
cubic anhydrous crystals. The hydrated crystals give olf their wmtor at a temperaturo 
Bomcwdiat above 1 00® C., decrepitating and falling topo wder at the same time. (Laurent, 
loc. cit.) 
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mtroj>rus8idcs, Niiroprussiates, (Playfair, Phil. Mag. [3] xxxvi. 197, 271, 348. 
— Q erliardt, Compt. chim. 1850, p. 147 ; Traite, i. 344.— Kyd, Ann. Ch. Pharm. Ixxiv. 
340.)— These compounds, discovered l)y Playfair in 1850, are produced by the action of 
nitric acid on the ferro- or ferri-cyaiiidea of the alkali-metals, or by tliat of nitric oxide 
bn ferro- or ferri-eyanide of hydrogen. Their composition is not yet established with 
certainty. Playfair reprosen ted tliem by the general formula or 

]Viirt.pvCy**(N*0)*, in which the cyanogen is supposed to bo partly replaced by nitrons 
oxide ; but the formula most generally received is that proposed hy Gi^rhardt, viz. 
M*.FeCy‘(NO), in which 1 at. cyanogen in FeCy is supposed to bo replaced by niti ie 
oxide. According to this formula, the formation of nitro-ferricyanide of hydrogen hy 
the action of nitric oxide on ferricyanide of hydrogen is represented by the equation, 


II®Fo*Cy« + N-0* = 2H2FoCy»(NO) + 2HCy. 

Wen nitric oxide is pas-sed into a warm aqueous solution of ferrocyanide of hudroqen 
(or of ferrocyanide of potassium mixed with a sulfieieiit quantity of an acid to 'coinWt 
It into fcrroprussic acid), tlie gas is rapidly absorbed, —the ferrocyanide is converted 
into femcyauide : 

2H*FeCy« NO =» IPFo^Cy’® + H^O + N, 


w th ‘•'f aoep Uuo which the liquid then giew 

n ,T fr'-ncj-unido is converted into nitroferrievanido 

u- ’ pre^pitates of a paler and paler colour, 

Md ultimately of a clew salmon tint It then contains nitroferteyanide of hvdroecii 

noutSSon"**'^ ’ ''‘troferricyanidcs of the different metale% 

^<1.18 added to ii solution oi ferrocyanide of potoDsium, this salt is first 
LmM 1^.'* Y ahstraetjon of 1 at potassium (p. 243), and the nitric 

■'‘‘™ o"''®. »Wch. however, does not escape as 
Sto nfw.™- ml*’ ®“P%ed in converting the ferriCT^de 

^ above. The aotion is accompanied by solution of hydro- 
cyanic acid and nitrogen, as shown by the equations above givenfalso of carboLc 


comalning in t^^mretteSvUiouVY'ea ^ i!*** *‘^“*‘* ** a standard ■oliitte 

eouusium cr sudiuiu. fcuipiwrscualo of sodium, aud S or 3 grms. carbOMtt « 
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evimofifen, and an extremely pungent vapour, probably (^anic acid, these latter being 
Bcconaary products, resulting from the action of the nitric acid on the hydrocyanic 

j j FBespecting the formation of nitroferriwanides from the so-called nitro^svl- 

^IwcUofnon, see Roussin (Ann. Ch. Phys. [3] lii. 286).] 

^ preparation. — The nitroferricyanides of potassium and sodium are obtained as 
follows : 422 gr. (2 at.) pulverised ferrocyanide of potassium is mixed with 6 at com- 
Tiiorcial nitric acid dilute with its own bulk of water (the strength being determined 
by an alkalimetric process). Ono-fifth of this quantity (1 at.) of acid is actually suffi- 
cient to tninaform the ferrocyanide into nitroferricyanido, but the use of the larger 
quantity is found to give the best results. The acid is poured all at once upon the 
ferrocyanide, the cold produced by the mixing being sufficient to moderate the section. 
The mixture first assumes a milky appearance ; but after a little while the salt dis- 
solves, forming a coffee-coloured solution, and the gases above-mentioned are disengaged 
in abundance. When the salt is completely dissolved, the solution is found to contain 
ferricyanide (red prussiate) of potassium, mixed with nitroferricyanide and nitrate of 
the same base. It is then immediately decanted into a largo flask, and heated over 
the water-bath ; it continues to evolve gas, and, after a while, no longer yields a dark 
blue precipitate with ferrous salts, but a dark green or slate-coloured precipitate. It 
is then removed from the fire, and left to crystjillise, whereupon it yields a large 
{luant ity of crystals of nitre, and more or less of oxamido. The strongly coloured mother- 
liquid is then neutralised with carbonate of potassium or sodium, according to the salt 
to be pre pared, and the solution is boiled, whereupon it generally deposits a green or 
brown precipitate, which must bo separated by filtration. The liquid then contains 
notliing but nitn>ferricyanide and nitrate of potassium or sodium. The nitrates being 
the least soluble, arc first crystallised out ; and tho remaining liquid, on further evaponi- 
tiou, yields crystals of tho nitroferricyanide. The sodium-salt crystallises most easily. 

Tlie insoluble nitroferricyanides, those of iron, copper, silver, zinc, &c., are obtained 
by precipitating the solution of the potassium or sodium salt, with solutions of tho 
respective metals ; and tho ammonium, barium, calcium, and magnesium salts, which 
are soluble, l)y decomposing the iron or copper salt with a solution of caustic ammonia, 
baryta, or lime. (Playfair.) 

Pro-pertUs and Reactions. — Tho nitroferricy’anidcs are in general strongly coloured. 
Tlio ammonium, potassium, sodium, barium, calcium, and lead salts, arc of a dark red 
or rul)y colour; they dissolve easily in w’ater, forming rod solutions, from which they 
are not pr('ci[)itated by alcohol. Tho soluble salts crystallise with facility. The copper, 
iron, coVialt, nickel, zinc, and silver salts, are nearly or quite insoluble in water. 

The following arc tho most characteristic reactions of soluble nitroferricyanidea 

With the Sulphides of the Al- 
kali-metals . , . Splendid but transient purple colour. 

„ Sulpliydric acid , . Formation of prussian blue, together with a ferro- 

cyanide and a peculiar compound. 

„ Neutral Lead-salts . . No change.. 

„ Pasic „ . . AVhito precipitate, after some time, from strong so- 

lutions. 

„ Mercuric salts . , .No change. 

„ Stannous and Stannic salts No change. 

„ Zinc-salts. , . . Light salmon-coloured precipitate. 

y, Cupric salts , , . Light green precipitate. 

„ Cobalt-salts , , . Flesh-coloured precipitate. 

„ FeiTous salts . , . Salmon-coloured precipitate. 

„ Ferric sjilts . . .No change. 

„ Caustic alkalis . . . Red coloration, changing to orange. 


The most characteristic reaction of tho nitroforricyanidos is the splendid purple 
ool()ur which they exhibit with alkaUnc oviphides: it is extremely delicate, and serves 
to detect the minutest i)ortion cither of a sulphide or of a nitroferricyanide. Oppenheim 
(d. pr. Chem. Ixxxi. 306) recommends it for tho detection of small quantities of free 
nlkalis or alkaline earths in solution, a few bubbles of sulphydric acid gas being passed 
through the liquid, and then a few drops of solution of nitroferricyanide of sodium 
added The purple colour is not, however, permanent, tho compound being quickly 
resolved into other products, including hydrocyanic acid, ammonia, nitrogen, oxide of 
iron, a ferrocyanide, a sulphocyanate, and perhaps a nitrate. Tho purple compounds 
may be isolated by operating with alcoholic solutions ; it is then blue, and appt'ars to 
he simply a compound of nitroferricyanide and sulphide. 

The soluble nitroferricyanides are decomposed by sulphpdric acid gas, yielding oxide 
01 iron, Prussian blue, sulphur, a ferrocyanide, and a peculiar sulphur-compound 
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Tho nitrofemcjranides are decomposed by boiling with yielding oxide of ima 
free nitrogen, a ferrocyanide, and perhaps a nitrite. An excess of ammonia gradually 
decomposes them, even in the cold, nitrogen being evolved, and a black uncrystallisablo 
substance finally remaining. 

Nitroferricyanides are not sensibly affected by avlphurowi aoid^ svlphites, or hypo^ 
Bvlphitea : but they are decomposed by boiling with strong atdphuric acidj the liquid 
during the decomposition exhibiting the peculiar purjde colour which indicates^ the 
presence of a sulphide. Chlorine exerts no action on tho nitroferricyanides. Prmslan 
Mzie dissolves in the solutions of certain nitroferricyanides, with a fine blue colour. 

Some of tho nitroferricyanides are veiy permanent, their solutions undergoing no 
change either by exposure to tho air, or by the action of heat. Several, on the contrary, 
especially the nitroferricyanides of hydrogen, ammonium, barium, and calcium, undergo 
partial decomposition when their solutions are long kept, and rapid alteration when 
boiled, depositing prussian blue or oxide of iron. 

Nitroferricyanide of Ammoniu^m, (NH*)*FeCy*(NO) + aq., is very unstable, 
depositing prussian blue when boiled, and then yielding by concentration rhombic 
crystals of a slightly altered salt. Dominant faces, ooP . oopoo . Poo . oP. Incli. 
nation of ooP : ooP = 91° 66'; Poo : ooPoo in the macrodiagonal principal section 
= 69° 46'. (Miller: see Playfair* a Menwir.) 

Nitroferricyanide of + 2aq., crystallises in vacuo in 

fine octaliedral crystals of a dark red colour. Tho ciystals belong to the dimetric 
system, exhibiting the dominant fitces P . oP . ooPoo . Inclination of P : P in tlie 
terminal edges = 120° 30 ; P : oP = 135° 25' (Miller). Concentrated sohitiotm 
sometimes yield flattened prisms which appear to be another hydrate. This salt is very 
soluble in water; the solution when boiled deposits a brown precipitate. The crystal- 
lised salt dried in vacuo gives off from 14*9 to 16*2 p. c. water at 100° C. 

Nitroferricyanide of Calcium^ CaF(‘Cy*(NO) + x aq., forms shining dark 
rcA monoclinic prisms, with tho dominant faces ooP . ooPoo . oP. Inclination of 
ooPoo :oP= 82°; ooP : ooP in the orthodiagonal principal section =* 140°. (Miller.) 

The copper-aalt is a pale green precipitate insoluble in water, and acquiring a slate 
colour when exposed to light in the moist state. 

Nitroferricyanide of Hydrogen or Nitroprussic acwf, H2FoCy*(NO) + aq.,i8 
obtained by decomposing the silver-salt with an equivalent quantity of hydrochloric 
acid, or the harium-salt with an equivalent quantity of sulphuric acid. Tho red strongly 
acid solution yields, by evaporation in vacuo, dark rod, very deliquescent, oblique prisms, 
part of the acid, however, decomposing at the same time, with formation of hydrocyauic 
acid and oxide of iron. Tho aqueous solution is not precipitated by ether. 

N itrof erricyanide of Iron {ferrous) is a salmon-coloured precipitate, nearly 
iiisoluhle in pure water, more soluble in water acidulated with nitric acid. It is do- 
conqtosed by caustic alkalis, witli separation of oxide of iron and formation of a soluble 
nitroferricyanide, a dark-coloured basic iron-salt being, lipwcver, formed previous to 
complete dccom|K)sition. After drying at 32° C. it lose^ about 20 per cent, more 
water when lieated to 100° 


Kitrof.rricpanide of Potassium, K’FcCy(NO), forma dark red oblique 
prisms, more soluble than the sodium-salt, and less easy to crystallise The eiystals 
are monwlinic. Dominant faces ooP . [oePco] . -P . -.p« . [JPoo'l. Inclination 
^ AC' ' [ooPoo] = 125° 65'; —Poo : principal axis 

* j 1 deliquescent, and acquires a faint green tint when ex- 

posed to light. Its solution after a while deposits prussian blue. 

On mixing the aqueous solution of this salt with twice its volume of alcohol, and 
bssfe S K'FecS^Sna precipitate is formed, consisting of a 

.oi^;:iriia;;?roifor 

Na«FeC,‘(NO) + 2aq., is prepared as described 
on page 251. The d.wk red solution which remains after the nitrates of potassium 

evaporation, prismatic crystals, whdeh must 
l^c taken out of the liquid dissolved in water, and left to crystellise by c^ling. The 
obiect of taking the ^O'shils out of the hot solution, is to obtain them free from nitrates, 
wliich are more soluble in hot v'atcr than the nitroferricyanide 
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TbeciTstaU belong to tiio trimetric system Dominant faces, ooP . oo^qo . ootoo , 
p .poo. Inclination of ooP: ooP « 105" 17'; roo ;Poo in the brachydiagonal prin- 
^pal section = 136®32'; £*« : f « in the macrodiagonal principal section « 124® 62', 

sldution of the salt exposed to sunshine becomes coloured, deposits prussian blue, 
and gives off nitric oxide. (Overbock, Pogg. Ann. Ixxxvii. 110.) 

CTAKXOB OF XiSADi Hydrocyanic acid docs not precipitate either the nitrate, 
tl]e neutral acetate, or the basic acetate of load. Cyanide of ammonium forms with 

the neutral acetate a slight yellowish precipitate. ^ 

Oxiiruanide of Lead. On mixing a solution of basic acetate of lead with ammonia, 
and then adding hydrocyanic acid, a white precipitate is formed, containing 
according to Kugler (Ann. Ch. Pharm. Ixvi. 63), — whoso formula 
does^ not, however, agree well with his analysis,— and PbCy^2rbO, according to 
Erioiiin’eyor (J. pr. Chom. xlviii. 356). 

CTAKXBS OP MAGXrESXVM* Soluble salt produced by dissolving recently 
precipitated magnesia in hydrocyanic acid. It is decomposed by the c;irbonic acid of 
the air. 

CTANXDES OF MAirOANESE. (Rammelsbcrg, Pogg. Ann. xlii 117.— 
llaidlcn and Presenilis, Ann. Ch. Pharm. xUii. 132. — Balard, Compt, rend. xix. 
(j()9,)_.Cyanide of potassium forms with manganous salts a bulky reddish-white pre- 
ci}>itate, which quickly turn.s brown in contact with the air. It is decomposed by 
Htrinig acids, and dissolves in alkaline cyanides, the solutions when exposed to the air 
Ijciiig converted into manganicyani(le8,K®Mii‘'*Cy‘*, salts analogous in composition 
to IIjc ferricyanides. 

Moujanicyankh K®Mn*Cy'^ obtained in this manner, forms brown-red 

aiiliydious needles, isotnorplioiis with the ferrieyanide. In contact with the air 
the crystals torn brown, and their aqueous solution becomes tiu’bid and gradually 
(l(']»o«its the manganese in the form of a black liydrate, the decomposition being ac- 
celerated by dissolving and evaporating several times. Acids decompose tlio salt, 
eliminating hydrocyanic acid. Alkalis do not act upon it. Sulphide of ammonium 
slowly precipitates a portion of the manganese. The crystals aro decomposed by water 
ami by alcohol, so that it is ncce.s.sary to dis.solve them in cyanide of jiotassium. 
Tim solution gives, with various nietallie salts, precipitates of analogous composition, 
ami for the most part easily dcconiposible. The precipitate formed with ferrous salts 
lias a cobalt-bluc colour ; those with zinc and cadmium salts are rose-coloured ; with 
Innl-foxitti, brown ; with .<?//i»#jr-saltH fram neutral solutions, yellowish-brown ; in presence 
of free acid, scarlet, but becoming brow'n by w'ashing. 

CTAEXBE OF MERCURY. H gCy or IIg"Cy*, according as mercury is regarded 
as monatomic (= 100) or diatomic (=» 200). This salt, discovered by Scheele 
{Opuscula, ii. 159) is obtained by the action of mercuric sulphate on ferrocyanido of 
pota.ssmin, or of mercuric oxide on hydrocyanic acid, or of the same oxide on prussian 
blue (p. 228). — 1. One part of ferrocyanide of potassium is boiled for a quarter of an 
hour whth 2 pts. mercuric sulphate and 8 pts. water; the deposit is separated by 
filtration, and the liquid evapor.ited to the crystallising point (Desfosses, J. Chim. 
mid. yi. 261). Theoretically, 100 pts. ferrocyanide require 215 pts. mercuric sulphate, 
and yield 179 pts. mercuric cyanide ; 

2K'FeCy® + 7IIg"SO^ « GHg'Cy* + 4K-SO< + (1V)’*.3S0« + Hg. 

2. Mercuric oxide is digested with dilute hydrocyanic acid, till the odour of the acid 
is no longer perceptible, and the solution is left to evaporate. — 3. Four pts. pulverised 
Prussian blue and 3 pts. mercuric oxide are boiled with 40 pts, water ; the liquid is 
filtered as soon as the solid matter has acquired a light brown colour ; the residue is 
boiled with a fresh quantity of water; the second filtrate added to the former; and 
the whole evaporated the crystallising point. 

Cyanide of mercury crystallises in forms belonging to the dimetric system, colourless, 
transparent, permanent in the air, having a nauseous metallic taste, and very poisonous. 
They are anhydrous. The salt dissolves in 8 pts. of cold water ; it is less soluble in 
hydrated alcohol, quite insoluble in absolute ulcoKol. 

For the primary form P, the length of the principal axis is 0-4696. The angle P : P 
in the terminal edges = 134® 40' ; in the lateral edges 66® 2'. P is for the most part 
Bphenoidically hemihedral, and the character of the crystals varies considerably, 
according to the manner in which they are obtained. By spontaneous evaporation, 
quadratic sphenoids (p. 136), are often obtained, either perfectly developed, or having 
their lateral edges truncated bv the faces qoPqo as in fig. 368. By rapid cooling 
prismatic crystals are produced, in which the face ooPoo predominates (figs. 366, 366). 
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"P . 

In Jig, 865, the prism ooPoo is bevelled by the fiicps g, which are set altematdy en 
the prismatic edges above and below. In Jig, 366, the prism exhibits an oblicpis 


Fig, 365. 



Fig, 866. 



termination, one only of the two upper faces - being distinctly formed, wliile tlie 

a 

other is either very Bubordinate or not present at all : on the other hand, two faces are 
present belonging to the pyramid 2Poo (the next acutcr to the primanr form P) ; they 
rest symmetrically on the prismatic faces ooPoo , and the terminal edge in which two 

of them would meet is truncated by the faces 

A solution of the salt slowly eva^rated often yields crystals of diflercnt form 

(^.367), with faces of the sphenoid -j- resting alternately on the edges of the prism 

oopco , and fiieos of the pyramid 2Poo (of which, however, only four are present) rest- 
ing on the faces of the same prism. The two upper (and likewise the two lower) faces 
2Poo are separated from one another by oP and by two faces of an obtuser pyramid of 


Fig, 367. Fig, 368. 



tbe second order, whirii arc rendered dull by deep striation, and likewise rounded, so 
that they cannot be accurately determined, but appear to belong to Poo . More fre- 
quently, however, tlie crystals obtained by slow evaporation have the form shown 

in Jig, 368, the faces ~ predominating, their lateral edges truncated by ooPoo , and each 

terminal edge replaced by oP and by two faces of the pyramid of the second order, 
which is probably Poo . (Kopp’s KrgjiiaJ/ographie, p. 150.) 

^ Df ca?npo$iiions, — 1. Cyanide of mercury when heated, turns black, softens, and 
yields, if perfectly dry, notliin^ but cyanogen gas and mercury ; part of the cyanogen 
IS, however, converted into the isomeric compound, paraeyanogen, which remains in the 
form of a black, very light, coaly mass, the quantity thus altered being greater as the 
heat is stronger; at the same time, a small quantity of cyanide of mercury sublimes 
undecomposed. ^ If the cyanide of mercury is moist, it yields ciirbouic acid, ammonia, 
hydrocyanic acid, and mercury. (Gay-Lussac.) 

2. Dry cyanide of mercuiy is not decomposed by dry chlorine gas in the dark; but 
in strong sunshine it undoi^oes decomposition, emitting the odour of chloride of 
cyanogen (Gay-Lussac), and in ten days, yields protochloride of mercury and a yellow . 
oily liquid (Serullas, Ann. Ch. Phys. xxxv. 293). —Cyanide of mercury exposed in 
the moist state to chlorine gas, is converted in the dork into protochloride of mercury 
and volatile chloride of cyanogen (Serullas): 

Hg"Cy* H CP llg'CP + 2CyCI. 



CYANIDE or MERCURY. 255 

Hut in strong simslime — its temperature rising to 30° or 40° C,— it yields sal-ammo- 
^ * c protochloride of mercury, the above-mentioned yellow oil, a small quantity of 
*^olaliie chloride of cyanogen, and a trace of carbonic acid. If the cyanide of mercury 
completely dissolved in water, chlorine in sunshine produces a large quantity of the 
'-How oil and a small quantity of volatile chloride of cyanogen (Serullas). Accord- 
lim to Bouis (Ann. Ch. Phys. [3] xx. 446; Jahresber. d. Chem. 1847“8, 486), a 
hot saturated solution of cyanide of mercury treated with excess of chlorine in sun- 
shinc, is converted into chloride of mercury, hydrochloric acid, and sal-ammoniac, 
which remain dissolved in the water, together with chloride of cyanogen, carbonic 
acid and niti'ogeii, wliich escape, and a yellow, oily liquid, to which Bouis assigns the 
formula A mixture of the aqueous solutions of cyanide of mercury and 

chloride of which is clear at first, begins in a few minutes to emit white ^mes, 

effervescing violently and giving off nitrogen, carbonic acid, and a small quantity of 
evanogon; neither cyanic nor cyanuric acid is produced in this reaction (Liebig, 
Ann. XV. 571). — 3. Bromine at medium temperatures decomposes cyanide of 
mercury, with great evolution of heat, yielding protobromide of mercury and bromide 
of cyanogen (Serullas, Ann. Cli. Phys. xxxi. 100). — 4. Iodine^ even when triturated 
with cyanide of mercury, yields protiodidc of mercury and iodide of cyanogen. 
(H. Davy, Porrett.) 

5. When cyanide of mercury is distilled with J of its weight of sulfhur, tlie mass 
fuses, gives off nitrogen, cyanogen, and va^xmr of sulphide of carbon ; then becomes 
viscid, swells up, and leaves a blac*k mass insoluble in water; and this, when further 
lu iited, yields nitrogen, cyanogen, sulphide of carbon, and cinnabar, while light yellow 
mercurous sulphocyanate remain.s, which at a higlior tempci-aturc partly sublimes in 
tliu form of a yellow, sometimes translucent, crystalline mass, but is for the most part 
resolved into cyanogen gas and cinnabar (Berzelius). — 6. Cyanide of mercury, gently 
heated with phosphorus^ yields a white sublimate, perhaps a cyanide of phos- 
pliorii.s, having a pungent odour, and decomposed by water into phosphoric and liy- 
ilrocyanio acids. The preparation of tliis .substance is very difiicult, generally giving rise 
to a violent explosion. (Ceiiedella, J. Pharm. xxi. 683.) 

7. Cyanide of rnoremy is docompo.scd when heated with strong sulphuric acid, not 
l)y dilute sulphuric or by nitric acid. With hydrochloric^ hydrohromivy hydriodU^ ami 
snlphi/dric acidsy it yields hydrocyanic acid and a mercuric compound of tho radicle 
of the acid. An excc.ss of hydrochloric acid, aided by heat, may, howevcT, di'compose 
the resulting hydrocyanic acid into ammonia and formic acid, in which case tho residue 
will consist of mercuric chloride and sal-ammoniac. 

8. Cyanide of mercury heated with yields cyanide of ammonium and 

nuToiiric chloride, wliicli unites with the sal-ammoniac if the latter is in excess.— 9. With 
selufion oi stannous chloride^ it yields hydrocyanic acid, and a black mixture of stannic 
oxid(! and mercury. — 10. When shaken up with iron filings and dilute sulphuric acid, it 
yields hydrocyanic acid, metallic mercury, and fiuTOUS sulphate,— \l. With aqueous 
trisulphide o/poiassiuriiy it yields mercuric sulphide and sulphocyanate of potassium : 

Hg'Cy* + =3 Kg'S + 2KCyS. 

Aqueous alkalis do not decompose cyanide of mercury, oven at tho boiling heat. 

ComhiiHitions. a. With Mercuric oxide. — Warm aqueous cyanide of mercury dis- 
solves a large quantity of mercuric oxide, forming an alkaline solution, which dej^osita 
small needles of oxycyanideof mercury, ng"Cy^.Hg"0, or (Hg")’'.Cy''*0, sparingly 
soluble in cold, moderately soluble in boiling water, sparingly in hydrated alcohol. 

h. With Salts. — Cyanide of mercury combines with a large number of salts, forming 
definite, soluble, ciystalline compounds, which are obtained by evaporating tlio mixed 
solutions of the component salts. The greater number of them contain 1 at. Hg"Cy* 
(or 2 at. ITg'Cy), to 1 at. of the other salt, and these may like\vise be obtained by dis- 
solving 1 at. mercuric chloride, iodide, &c., in a s<dution of potassio-mercuric, sodio- 
inercuric cyanide, &c. Por this reason Geuther (Ann. Ch. Pharm. cvi. 241) regards 
them as compounds of mercuric clilorid(% iodide, &c., with double cyanides, c.g.^ 
2(Hg"Cy‘‘‘.KCl) = K’‘'Hg"CyMIg"CP. Tho latter view receives some support from tho 
fact that these double salts are decomposed by the weaker acids, such as^ arsenious and 
benzoic acid, with evolution of prussic acid, whereas cyanide of mercury itself is not de- 
composed by weak acids. The double salts of eyaiiide of mcrcui 7 have been iiivostigateA 
chiefiy by Brett (Phil. Mag. [3] xii. 235); Poggiale (Compt. rend, xxiii, 762); 
.Caillot (Ann. Ch. Phys. [3] xix. 230); Custer (Arch. Pharm. [2] Ivi. 1); Kam- 
melsberg (Pogg. Ann. xlii. 131; Ixxxv. 146); Darby (Chem. ooc. Qu. J. L 23); 
L. Gmelin (llandbrokyV'ni. 17). 

1 With Acetate of Sodium : 

HgCy%2C*IPNaO + 7 aq. Once obtained from the mother-liquor of a solution of tho 
two salts. (Custer.) 
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2 . With ; 

HgCy*.KBr. Nacreous scales soluble in 13*4 pte, water 18® QkV and in less than 1 pt, 
^wiling water. (Caillot, Brett.) 

HgCy^.NaBr. Long flattened needles, very soluble in water. 

2 HgCy’*.BaBr* + flaq. Square tables M'ith a strong lustre, and very soluble. (Caillot.) 
2 HgCy*.SrBr* + 6 aq. Khombic tablets, efflorescent and soluble. (Caillot.) 
2 HgCy*.CaBr® + 6 aq. Very soluble in water and in alcohol. (Custer.) 

3. With Chlorides : 

HgCy^.NH^Cl. Silky needles, soluble in water and in alcohol. IIgCy*.4NlI^Cl. Tri- 
angular laminae which separate from the solut ion of the preceding suit. 

HgCy'^KCl. Colourless scab s, soluble in water and in alcohol. (L. Gmolin.) 
HgCy^.NaCl. Silky flattened needles, soluble in water and in alcohol. (Brett 
Poggialc.) 

2 HgCy‘*.BaCP + 4aq. Oblique prisms, very soluble and efflorescent. (Brett.) 
2 HgCy*.SrCP + 6 aq. Silk}", very soluble needles. (Brett, Poggi ale.) 
2 HgCy'‘*.CaCP + 6 aq. Efflorescent, very soluble needles. (Brett, Poggi ale.) 
2 Hgiy.MgCP + 6 aq. Needles very soluble and slightly deliquescent. (Brett, 
Poggiale.) 

2 HgCy‘‘'.MnCr‘* + ^aq. Four-sided prisms, very soluble. (Poggiale.) 
2 HgCy.ZnCr‘* + 3aq. Right prisms, efflorescent and soluble in water. (Poggiale.) 
HgCy*. 2 CoCl* + 4aq. Reddish-yellow maiiimollated groups. (Poggiale.) 
HgCy’^NiCP 4- 6 aq. Greenish blue, deliquescent. (Poggiale.) 

HgCy^HgCl*. Four-sided prisms, permanent in the air. (Liebig, Sebw. J. xlix, 
263.— Poggiale.) 

Stannic cMoride appears also to unite with cyanide of mercury, forming a confusedly 
crystalline compound. Stannous chloride decomposes cyanide of mercury (p. 266). 

4. With Chromates: 

2irgCy’.K*CrO‘, Large laminae of a light yellow colour, very soluble (Poggiale, 
Caillot and Podevin). It is obtained either by mixing the solutions of equal 
parts of cyanide of mercury and neutral chromate of potassium (Caillot and 
Podevin, J. Pliarm. xi. 21 G), or by boiling basic mercuric chromate for some time 
with an equivalent quantity of potassio-mereuric cyanide (Geuther, Ann. Cli. 
Pharm. cvi. 241). — Anotlier salt, 3lIgCy*.2K"CrOb is obtained by mixing the solu- 
tions of 1 pt. chromate of potassium and 3 pts. cyanide of mercury, and leaving the 
mixed solution to evaporate. It then yields, first cry^stals of cyanide of mercury, 
then red crystals of the double salt. If only 2 pts of mercurio cyanide arc used to 
1 pt. chromate, the first deposit of mercuric cyanide is but of small amount. 
(Darby, Ramin elsberg.) 

2IIgGy'‘.Ag'-CrO^. CrO*, or 2irgCy^.(Ag*0.2Cr0’), is obtained in splendid red needles 
by mixing the solution of the preceding salt with nitrate of silver, as long as apreci- 
|>itate continues to form, then heating the liquid nearly to the boiling point, add- 
ing sufficient nitric acid to dissolve tlie whole, and leaving tho solution to cool. 
(Darby.) 


6 . With Cyanides: 

e= K^llg Cy^ forms regular octahedrons, colourless, permanent in the air, 
soluble in cold water. (L. G m e 1 i n, ) 

3H^yMC^l<e*Cy* + 4aq. = K\Kg")*Fe*Cy'* + 4aq. Palo yellow, rhombic tables, 
obtained by agitating a moderately concentrated solution of ferricyanide of potas- 
sium with metallic mercury ; a precipitate of ferric oxide is first formed, mixed with 
mercury, and the yellowish filtrate yields the double salt by evaporation. 

Cyanide of mercury and sodium c^stallises in octahedrons. Cyanide of mercury 
and fine is obtained as a white precipitate on adding a zinc-salt to tho solution of 
cyanide of mercury and potassium. The coiTc.sponding Icad-compound is a white pre- 
cipitate obtained in like manner, 

6 . With Formates : 

nK0y*.2CH(NH‘)0» forms tnangiilar prisms. (Poggialc.) 

HgCy^.aCHKO* forms shining scales. (Winckler, Kepert. Pharm. 459 .) 

7. With Hyfosvlphites : 

prisms, obtained by concentrating in vacuo the mother-liquor 
Ltxiv ^ equivalent quantities. (Kessler, Pogg. Ann.' 


8 . With Todides : 

fi^y*.KI forms colourless, nacreous, soluble prisms. (Caillot) 
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HffCv' Niil + 2aq. Silk/ prisms, v*.T 3 r soluble in wntcruiid iu Jilcoliol, j'iviiip olf tlioir 
water of crystiilliwition at 100® C.^ Mineral acids decompose them, precipitating 
uienuric iodide and evolving h/droc/anic acid. (Custer.) 

+ 4aq. Square tables. (Cu*ter.) 

.Td^Cva.SrP + Ortq. Square tables. (Cu»*er.} 

2UgCy*!0aP + Oaq. Very soluble silky tufts. (Poggialo.) 

9. With Nitrates : 

ITjrCy^.AgNO* + 2aq. Obtained by mixing mercuric nitrate with eijuivahmt quHi;« 
tities of cyanide of silvor and cyanide of men'ury. It forms long slender needles, 
which melt above 100® C., and then detonate, ((reuther.) 

Cyanide of mercury forms with nu:rcaric nitrate^ a compound which crystalliaeB in 
uarn'ouH scales or colourless prisms. 

10. With Suljf hates : 

2 llgCy*.Ag^SO^ + aq. Colourless crystals obtained like thn corresponding nitrate 
compound. (Gent her.) 

11. With Sul^Jiocyamtis : 

IlgUyMKCyS. Obtained, by crystallising the two sa.lt.s together, in large laminaj or 
iieeilles, colourless, sparingly soluble in cohl, very .soluble in boiling water. (Bdck- 
inann.) 

H^rCy .2Ba(yS*. Nacreous scales. (Bdckmann, Ann. Ch. Pharm. xxii. 163.) 
jhr(Y-.2CaCy-S^ Shining scales. (Bdckmann.) 

Tile iHdijnesium-HwXi is a white crystalline powder. (Bdckmann.) 

Oyiinidc of mercury also forms definite coinpoumis with alkaloids. (See the s(!Voral 

Al KAIo'lDS.) 

CYAirZDi: OF METHYl.. AcitonUrik. C‘Jb‘N CIP.CN = Cir.Cy This 

C'liiijiouiid is obtained : 1 By distilling dry sulphomethylate of potassium with cyanide 
uf pofassium, adding chloride of calcium to the <listillate, and distilling figain at a 
ui'iille heat. The product is contaminati'd with hydroeyauie acid (Frankland and 
K(dl)e, Cliem. Soc. Mem. iii. 38fi ; Ann. Ch. Pharm. Ixv. 288).— 2, By the action of 
cyanide of potassium on sulphate of m<*thyl. The product is contaminated with 
cyanide, and formate of ammonitim ; the latter impurity imparls to the product an 
iiiteleralde taste ami odour, and a highly poisoiuius action ; it may ho removed by 
I'oiling with mercurie oxide and then wdtli phosphoric anhydride (Dumas, Malaguti, 
and liclJune, Compt. rend. xxv. ‘17-1). — 8. By distilling a mixtuio of phosphoric 
anhydride and crystallised acetate of ammonium: 

C’p,{{’()' ■ c^h’n + 2n'o. 

Tin* product is ])urifie,d by digestion with a .saturated solntimi of chloride of calcium 
■oni rectification over solid chloride of caleiimi and magnesium (Dumas, Conijd,. rend, 
wxv. 388).— 4, By distilling ucctHraide with phosphoric anhydride, wjuihing tho dis- 
tillate with potash to remove hydrocyanic and acetic acid.s, and rectifying over plios- 
I'lioric anhydride (Bucktou and Hofmann, Chem. Soc. Qu. J. ix. 242).— 6. Cyanide 
<'l' method is found, together with the cyanides of ethyl and tgtryl, among the pro- 
•lucts of the oxidation of gelatin by a mixture of acid chromate of potassium and sul- 
I'liiiric acid. Legumin treated in like manner appears also to yield a small quantity 
"tit. (Prolide, J. pp. Chem. Ixxix. 303.) 

Cyanide of methyl is a colourless liquid, which boils at 77° C. (Dumas), between 
D"® and 78° (Buckton and Hofmann), and mixes in all ju’oport ions with w'uter. 
' ajxmr-density by expmment = P46, by calculatiou (2 vol.) = 1*42, It has an 
'‘tlieroal odour, somewhat like that of cyanogen, and a rather pungent aromatic taste ; 
burns with a bright reddisli-bordered flame. (Buckton and Hofmann.) 

Boiled with aqueous potash^ it gives off ammonia and forms acetate df potassinm. 
Chromic amd and boiling nitric acid have no action upon it. Potassium acts violently 
»l'’^n it oven in the cold, cyanide of {wtassium being formed, with rise of temporatui’o, 
au'l a combustible gas evolved consisting of free hydrogen and carburettxsd hydrogen 
(Bum as). Heated with sid/phuric acid, it yields disulphomctholic acid and 
wnphacetic acids : 

OWN + 3H*SO^ = CH»S*0« + NH^.H.SO* CO*, 

IXsiilpliDine* Acid siilpiidte 
tiioitc avid. of annnooiutn. 

C'H’N + 21I’S0' t Il-O » CTI'D^-SCy + NH'.H.SO*. 

Su'pliacotic 

acid. 


VuL. n. 


8 
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The relative quantities in which these two acids ai^ foriAod , depends upon the teinn<* 
rature. If tJie materials are mixed so us to avoid heating as much as possible, scarcol 
any carbonic anhydride is evolved, and the chief product is sulphacetic acid ; but if 
the temperature bo considerably raised, carbonic anhydride is rapidly evolved and di, 
sulphometholic acid is produced. The latter stage of the reaction appears to consist ui 
the resolution of the acetic acid, into carbonic anhydride and marsh-gas, ^jjt 

wiiich then unites with 2 at. SO**, forming disulphometholic acid. (Buck ton anj 
- Hof maun, loc. cit.) 

Combinations, a. Trichloride of I*ht)8ph()riis. O’TI^N.PCl*. (Henke Ann 

Ch. Pliarm. cvi. 281.) — This compound, obtained by distilling acetamide with penta- 
cliloride of phosphorus, is a colourle.s8, mobile, very pungent liquid, which boils at 
72® C., and takes fire in contact with a spirit-flame. Its vapour-density is anomnlou.s 
being 3*56 at 96® C., 3*64 at 87®, and 2 4 at 148®. The medium number represiMitfl 

nearly a condensation to four instead of two volumes x 0-0693 = 3 09 

The anomaly probably arises, as in other similar eases, from the decomposilion of tin- 
eornpound at the temperature at which tho vapour-density is di tomiined, into O'-IPN 
and PCI*, each of which oceupios two volumes. 

A. With Metallic Chlorides. — These compounds are formed by direct combination, 
'fhe antimony^coinpound^ C'^IPN.SbCP, tlie formation of wliich is attended with great 
rise of temiieratiire, is white, crystalline, and siibliTiu‘S without decomposition. Tlio 
(jold-oomptmndy C-IPN.AuCr, is a brownish-yellow powder. The titaniiim-eompoKml, 
2C“IPN.TiCl^, forms white, coherent, crystalline eriusts, wliieli may bo sublimed. Tlie 
tin-corn pounds 2C'IPN.SiiCl‘, is white, crystalline, and sublimes in arborescent forma- 
lions. (Henke, loc, cit.) 

c. With Cyanide (f Mercury. C‘“H“N.2Trg"Cy“. — White crystalline mass, willi 
vitreous lustre, produced by ex[)osing pulveriseil cyanide of mercury to the vapour of 
cyanide of methyl. The compound gives olf its cyanide of methyl when exposctl Id 
moist air, or when dried over sidphuric aciil. Heated in a tube it turns black, uml 
yields a sublimate of white crystals mixed with mercury. (O. Hesse, Aim. (III. 
IMiarm. cx. 202.) 

Cyanide of Trichloromcthyl, or ChloracHonitrile, CCI‘’'.CN', is ol»(aiiied by dis- 
lilliiig trieldoracetatc of ammonium, or triehloraeetamido, with phosphoric anhyilridc. 
It is a liquid of specific gravity 1*444, boiling at 81® C. With Ixji ling potash, it, yields 
ammonia and triehloracetate of potassium. It is violently attacked by potassium. 
(I)umus, Malaguti, and Leblanc, Compt. rend. xxv. 412.) 

®'^AWrn>il Ol* XflCBlBK. Ni(^y*, — Nickel-salts form with cyanide of potasaiuin 
a light apph.-green precipitate, soluble in excess of cyanide of potassium. It turns 
brown whim dried, giving ott* 10 per cent, water. 

The double cyanides of nickel belong to tho less stable class of double cyanides 
(p. 201), giving off pni.ssie acid when heated with dilnfe aeid.s. 

Oyauide oj Nakel and A innionium is ii somewhat unstable oompoiiiid. obtained ly 
ilissolving cyanide ot nickel in a(iUcous cyanide of unimoqiuui, and leaving the solution 
to evaporate. 

Cyanide vj and Tariuni forms yellow crystals, which give off 20 per cent, 

water when heated. Cyanide of Nickel and Calcium forms yellow hydrated crystiils. 
Cyanide (f Nickel and Cobalt is a pale red precipitate, producing on mixing the solu- 
tion of a cobalt-salt with cyanide of nickel and potassium. The corresponding eupric 
salt is an apple-green precipitate. Tho/crrow,’f .salt is a white precipitate. The lead- 
salt is a yellow crystalline powder, which separates after a while from a solution of 
ueetate of lead mixed with cyanide of nickel and potassium. 

Cyanide of Nickrl and l^otapsium, K*NiCy* + iiq.— Obtained by dis.soIving cynniilo 
or recently precipitated sulphide of nickel in cyanide of potassium. Crystallise.^ in 
oblique rhomboidal prisuw, having a yellow colour. Tho aqueous solution yields.wifh 
dilute acids a precipitate of cyanide of nickel. According to Ram in el sberg (I’opg. 
Ann. xlii. 114) and Balard (Compt. rend. xix. 999) the crystals contain C’61 per cent, 
water, winch they give off at 200® C. 

Cyanide of Nil kf I and Sodium, Na*NiCy* f 3aq., forms yellow hexagonal prisms, 
which give off their water at 100® C. ® 

* Ol* IMTXXROGSIV is said to be produced wben a solution of cyanide 

of mtassium is poured upon chloride of nirrogen, Tlie. gas thereby evolved, which 
cxplodM in contact with phosphorus, and is said to contain cyanide of nitrogen, is 
probably nothing but nitrogen containing vapour of chloride eff niti*ogeii. lodSde of 
nitrogen ib dissolved by cyanide of potassium without colour, and probably with for* 
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mation of iodoform, format* of.pptaesium, and iodide of urnmoniiim. (Mi I Ion, Ann 
Ch. Phys- [3] lix. 75.) 

CTAiril>S8 Ol" 06BIIVRI. {(.Aaiih, IJcifrd^c ^ur C/uwde der l^lafinnieiaf/c. 
I)orpi.t. 1854. — C. A. Martins, liuiugimildubertatioyt^ (rdttingon, 1860; Ann (!li 
lOiiirm. cxvii. 357; Jahresbtr. f. Chom. 1860, p. 23:i.)— The only cyanide of osmiuni 
which appears to have been obtained m the free state, is the dicyanide UsCy; it is 
hcpirated as a dark violet coloured precipitate, wlien iiu osiniocyanidu is boiled for 
boiiie time witli strong hydrochloric acid; also when moist osmiocyanidc of hydrogen 
is exj.)use<l to the air. 

Dicyanide of osmium unites with tho more basic cyanides, forming n class of 
double salts, the OsMiocYANiDES, M'Os"Cy« = 4MUy.OsCy’, analogous to the ferro- 
cyaiiides, and exhibiting twinowhat similar reactions with iron salts. A solution of 
an osmiocyatiido forms with salts a light blue precipitate (^uickly becoming 
d.'irker on exposure to the air, and witli/rrWe salts a precipitate of a beautiful violet 
odour. \^ itli oti^TT'ic salts, the soIuI.jIc osiiiiocyaiiidcs lorni a retl-brown prccipitatt^ * 
with .sdeer, mercurous, wmi lead salts, white crystalline; and with zinc ami atdmiitin 
salts, white gelatinous precipitates. 

Osmioeganide of Barium, BaWC/ + 3aq.. is obtained by treating ferric 
osnjiwcy.mide Witli baryta-water— which separates ferric liyilrate in the same manner 
as from fciric ferroeyaiiide- -removing tho excess of baryUi from the filtrate l>y carbonic 
ac d, and evapirating over sulphuric acid. It forms small rhombic prisms with basal 
f’lid taccs, t I'ajisparciit, reddish-yellow, easily .soluble in water and in iupieous alcohol 
They are permanent in tho air at ordinary temperatures, but give off all their water 
but ween oO -* aud 00^^ C. (Martin 8.) 

OHmioc anidr of Barium and lUassium (lla"K")Os"Cy® + Ihui. separates from a 
n»i.\iuri) of lln; boiling concentrated wjlutions of 1 pt. chlori.lc of barium and 2 pis 
oMJiioeyanide of potassium, in small light-yellow cryshiLs having the form of atmltj 
rhomholiedroijs with the end-face oR. Tho salt is efllorosceut, dissolves sparingly iu 
cold, freely in boiling water. (Martins.) ” 

Osmiocf/anidc of Hydrogen, Hyd^'o-osmioegunie acid, Omhprnssic acid, 

11 '( Js ( ’y", js obtained by mixing a cold saturated solution of osmioeyaiiide of polassiuni 
with iiii eipuil volume of fuming bydrochlorio acid, collecting the precipitated osmio- 
pnissic acid on a lilter (freed from iron by washing with hydrochloric acid), washin'r it 
with strong hydrochloric acid, and crystallising it from alcohol eotered with a layer of 
ether. It lorins traiispnrent, eolourh.ss, shining, prismatic crystals, belonging the 
hexagonal system. Tln-y are anhydroim, and permanent iu tlie aiv when dry,^but de- 
empose 111 the iiioist state, giving off hydricyanic acid and leaving diryanid© of 
osnmim. The acid dissolves easily in water and in alcohol, and is preeipita'teel thcre- 
Irom hy a small quantity ol ether; it has a »our, metallic, astringent taste, a strong 
acid reaction, and decomposes earhonates. (Martins.) 

0^,ni»c^„nids of Iron. Nilt,l'VOs''(,y, is tlir Wi.c prccinitiilo 

pruducLil hy .soluble osmiiH-yanides iu ferrous solutions. It quickly becoiiu s ilarker on 
converted hy nitric acid into a violet comjioiind, probably 
rc ^bvLy analogous to Turubuirs blue. The same compound is said by Maitius to 
he iornitd by precipitating osmiocyanidc of potassium with a ferric salt; but the 
pri;cipitalo thus lormed is more probably /crri(;o*7/tw.<r//«w/c/f'(Fe*)***0s^Cy"*, uualogouH 
U) lernc lerrucyunidc (p. 227), the reaction being 

SK^OsCy" + 2Fe"Cl« = 12KCI + F©»Os“Cy'“. 

b has a splendid violet colour, and, a# a test for ferric salts, is even more delicate than 
h rrocyanide of potassium ; it settles down quickly, and i.s not discomposed by boiling 
water. In drying, it shrinks up to a brittlo imi.SH having the colour of piiichheek. 

y boiling with alkalis, it is decomposed hko ferric ferrot^yanide, with separation of 
Irrric hydrate. (Martins.) 

Osmiocyanide of Potassium, K‘Os"Cy« + 3aq. This salt, the analogue of ferro- 
cyannio ol potassium, was discovered by Claus. It is most easily obtained by treating 
^>»>mate of potassium with cyanide of potassium. A solution of 1 pt. osmic acid in a 
icirnt quantity of stmng potash-ley just to give it an alkaline reaction, is mixed with 
•1 })t cyanide of potassium ; the dark liquid is carefully evaporated to dryness ; and the 
rtsidue is calcinod at a gentle heat in a covoretl porcelain crucible. The .solution of 
H‘ untiised but whitened mass in a small quantity of water, dejwsits the salt, after 
M‘t*l'r***’ ^*dhcr large crystalline plates, which maybe purified hy rccry stall isation. 

- itallic osmium is not attacked by cyanide of pohissium ; but whefi gently ignited 
1 arrocyanidc of potassium, it is almost entirely dissolved ; the osmiocyanidc thus 
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£t>]ixied cannot, however, bo separated from the ferrocyanide, because the two salts 
cryfitallise together in all proportions. 

Osiniocyaiiide of potassium cryetallises from water as a yellow silky powder, or 
in yellow quadratic laininse, isomorphous with the forrocvaiiide. It is insoluble in 
alcohol trnd ether. The anhydrous salt is white, molts when heated to roilnes.s in u 
close vessel, with evolution of gas nml separation of metallic osmium ; when further 
heat<4 In contact with the air, it yields osmic acid. Witli strong hijilrtfchloriti add it 
first yields osmiocyanido of hydrogen, then gives off hydrocyanic acid and deposits 
protocyanide of osmium. Treated with di/ufn vitrw acUI, it givc?s off a large quantity 
of gas, and forms a solution containing a nitro-o.smio-cyanogen compound not yet. 
examined, perhaps analogous to a nitroforricyanidc (p. 2r)0). Fused with auJpkur 
it appears to yield a sulphosmio-cyanogon compound. It does not appear to form an 
osmium-compound analogous to ferrieyanido of potassium ( Martins). For tlu* re 
actions of osmicxrytinide of potassium w'ith metallic solutions, see page 259. 

CYAVrXBES OF PAXiXbABZITM:. (Berzeli us,P«>gg. Ann. xiii. 4G0. — Fehli ug, 
Ann. Ch. Pharm. xxxix. 119. — Rammelsberg, Pogg. Ann. xliii. 

Palladom Cyamde^ PdC’y'^, is obtained as a yellowish-white precipitate on mixing ii 
palladous salt with cyanide of mercury. It dissolves in ammonia, and the solntitm yieMs 
an abundant crop of crystals of cyanide of palladosammoniutn, (N^H®l*d")('y*. 

Voiassio-'palhidnvs cyanide, K^PdCy^, is obtained in rhomboi’dal crystals by (hg. 
solving palladous cynnidc in cyanide of potassium, and evaporating. 

Palladic Cyanide, Pddy*. — The com|Kmnd of palladic chloride with chloride of |)r.- 
tjissiuin (see Pai.ladium) stirred up with water aiul mixed with cyanide of mercury, 
yields a pale rose -col ound fUn-culeiit pri‘cipitato which gnulually decomposes, giving 
<»ff hydrocyanic acid. (15 o r z e I i u s.) 

OF AW ZDES OF PI. ATZWUM. ( L. (1 m e 1 i n , Handhouk, vi i i . 4 3 1) b b e r e i n e r, 
Ann. Ch. Pharm. xvii. 250.- Knop, t/m/. xliii. lll.--Knop and Schnedermaun, 
J. pr. Cliem. xxxvii. 401.- Q-uadrat, Ann. (^h. Pharm. Ixiii 104; Ixx. 300. — tter- 
luirdt, Coinpt. cliim. 1850, p. 115; yW/iV/, i. 362. — Hcliafarik, Wien. Akad, Bor. 
■wii. 57; Om. x, 600. — Weselsky, J. pr. Chcni. Ixix. 276; Om. xii. 490.— 
riuckton, Ohonu Soc. Qu. J. iv. 20. — Hadow, ihvL xiii. 100. — C. A. Martins, 
Uef)cr die Cyan virhindun yen der PlatinyjietalJe. IiiaiigurahlissertatioTi, Gottingen, 
1800; Ann. (jh. Pharm. cxvii. 357 ; Jahresher. f. Chem, 1800, p. 230.) 

Platinum forms two cyanides, Pt(\v‘ and Pl(V‘, nnalogons to the ehloridi's, and hji 
intermediate compound PP(-y®, Tlio last two aro known nnly in combination; lln‘ 
dIcyanide is known in the .se])arate state, but has never bemi obtained (jnit(‘ pure. It 
forms a numerous class of double sails, the pla tinocyanidcs M*PC'Cy^ or 2M(;y. 
Pf'Cy*, which wore discovered by L. Gmelin. 

Dicyanidc of Platinvm, or Platiyious Cyanide, Pi (V'*.- This compound 
is obtained; 1. By calcining mercurous platinocyunidc in a retort at a genllo lieat 
(I)bboroi ner). — 2. By calcining a dried mixture of mercurous chhiride and plaline- 
cyanido of pot;\ssium, as long as any reaction is apparent, extracting tlie soluMo 
matters with boiling water, uud calcining the residue to free it from mea-urous 
chloride (K nop and Schnedermaun): 

KU’tCy^ 4 2Hg"CP = PtCy’ 4 Hg*CP 4 2KC1 4 Cy*. 

3. By adding strong sulphuric acid to platino-cyanido of potassium, whereby it 
becomes hcalo<l, and dis.9(dving mit the soluble salts with wator (Knop and 
Schn odermann).— 4. By heating platinocyniiide of ammonium to about 300° C. 
(Schaf ari k). — k. By boiling platiuocyanide of hydrogen with nitric acid. (Scha- 
farik.) 

Plntinous cyanide, acconling to the manner in which it is prepared, is greenish- 
yellow or sulphur-yellow in the recent state, and of a rusty colour when dry. By ihe 
fourth method, it is obtained in yellow crystals, which are pseudomorphs of the 
ammonium -salt. It is in.soluble in water, acid.s, and alkalis, but in the moist state it 
dissolves in the cyanides of the alkali-motals, yielding platinocyanidos. When heated 
ill the air, it burns away, leaving metallic platinum, Schafarik’s product (4), yielding 
the motal in distinct pseudomorphous crystals. The quantity of metallic platinum 
thus obtained varies considerably, according to the method by which the compound 
lias been prepared. According to Dbberciner, it yields from 78 to 79 p. c., the formula 
requiring ^79*2 p. c. Quadrat, however, found in the compound prepared by 
Dobereiner s method, only 71 ’7 p. c., and in that prepared by Knop and Schne<^rmanD’5 
process, only 72 ‘8 p. c. platinum, numbers agreeing approximately with the formula of 
tneyanido of platinum, Pt*Cy«, which requires 71*5 p. c. Schafarik, however, found 
in ^e products which ho obtained by Knop and Schnederma Tin’s method, and likewise 
by his own methods (4 and 5), from 75*24 to 77*18 p. c. platinum. On the whole, it ii 
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m-ifit probable that the products obtained by those several methods consist ossentiftlly 
of dicyauido of platinum, but oontaminatod with variable quantities of foroicii 
tiubstaiices which cannot be removed by washing. ^ 

Ammorno-plittiTtotis Cyanide, 2NIP.rtCy-'. See Cyanide of Platosammonium 

(p. 261 ). 

Flatlnocyanlde.. M^PtCy* « 2MCy.PtCy*.— These salts may be regarded as 
compounds of dicyaiiide of platinum with a more basic cyanide. Those which are 
(H)luble may be obtained by treating dicyanide of platinum with an alkaline 
cyanide, or the dichlorido wdtli excess of an alkaline cyanide, or witli an 
alkaline base and hydrocyanic acid ; those which are iiisoluhlo are obtained by 
cipitation. The coppor-salt decomposed by sulphydric acid yields pbitinoeyanidc of 
hydrogen, and this, when saturated wdth bases, likewise yicld.s the several platino- 
cyanides. ^ 

Tlie pliitinocyanidos belong to the more stable class of double cyanides (p 200 
CTCciwling even the forrocyaiiides in the force with which tliey retain the m’galivo 
metal and disguise It to ordinary tests. Strong nitric and hydrochloric acids either 
.-ilono or mixed, extract no plaliiiuni from them, even at the boiling beat • they arc not 
docomposed by digestion with mercuric oxide ; and strong sulphuric acid at the boiline 
heut sepaiiites the platinum but slowly. ® 

The platiiiocyanides of the alkali -meUile, alkaline-earth-moUils, and mngnosium ars 
soluble in water; most of the others are insoluble, or s]>aringly soluble The solliblo 
8iilt.s crystallise well and arc remarkablt' tbr the la>auly and varit'ly of the colours 
ubieh the crystals exhibit, whereas the solutions are colourless. The solutions form a 
siilt-bliie precipitate with niercnrous salts, white with mercuric salts, and a flocculent 
blue precipittTto with cupric salts. 


/ la t i nocya ni de oj A m monium, (NHO-'Pt^'.—ObtaincKl by dissolving platinous 
cyanide (3) in hydrocyanic acid saturated with ammonia (Knop and Schnoder- 
niaii n); Iiy passing dry ammonia-gas over plati nocyanide of hydrogen, the latter beiiiff 
lopt in cxe(‘ss ((^ladrat); bydecomp()singphitinwyanid^^ of potassium with sulphate 
M aniiiioiiiuin (Quadrat), or by precipitating platinocyanide of barium with a mixture 
ol aiMTiioiiia and carbonate of ammonium, and slowly evaporating the filtrate (Scha- 
'irik). I.y tins last method it is obtained in slcmler prisms of a deep lemon-yellow co- 
"t'’’ '""v n‘ '.'i? tluorescenco on the surface.. Thos^i crystals contain 1 at 

water j-i tCy* + 2iui.), and when placed under a bell-ja,r, together with caustic lime 
(111 whicli jiinmoniu is dropped, they become white and turbid, and give off half tlieir 
water. These colourless erystals slowly recover their water and turn yellow^ when (‘x- 
I'dscd to the air. Both the whiU* and the yellow crystals give off tlie whole of tln-ir 
water at 160^ C. becoming milk-wliite and pearly. On dissolving the anhydrous salt 
111 ahsolut(i alcohol and (ivaporating over sulphuric acid, crusts of colourless iieedleii 
•slioot out h-om the margin of the V€‘s.sel, and at hist coat the? entire surface with a md- 
work exhibit ing n beautiful violet d uorc.scoiice ; on <‘Xposuretotiicairtlieyrajadlv 
turn yellow. Tlie yellow .salt dissolves in about its owm woiulit of w'atcr. and in a 

H/iia Her quantity of alcohol. 

j'l'itiHocyaniUK of Barium, BaPtCy*. -Prvpared : 1. Byboilingtho coppcr-sall 
,* rn ““‘1 !i''P!iratiiig the excess of baryta by a stream of earboiiic acid 

t. s ^yaailrat) — 2. By dissolving platiiioeyaiiide of potassium in the smallest nos. 

)ie quantity of water, adding an equivalent quantity of the strongest sulphuric acid 
in Pi potjussiuin-salt), taking care to avoid overlu^ating ; then adding 

v. o'l •’ specific gravity 0 63, mixed with a little ether, and immersing tlie 

(iIm f i to separate, tlie sulphate of potassium ; evaporating the filtrate to 

fS*‘ b * f * water ; and saturating it at the boiling heat with carl -onate of barium 

1 3. By triturating 2 pt.s. protochloridc of platinum and 3 pts. earhonati? 

Hrium with water, heating the mixture with 10 pts. waiter nearly to boiling iwinf, 

• ^ passing vapour of hydrocyanic acid through the liquid as long as carbonic acid 
to escape. 

tifin^^ fo^s monoclinic crystals, often of considerable size. Ordinary cornbina- 
cir. il u /• ] • [P** ]• Inclination of ooP : ooP in tlio clinodiagonal priii- 

md Ratioofaxes, t 2 ()8G1 : 


soluble in hot water. (Quadrat.) 
on CdPtCy*.— Formed as a crystalline precipif.ito 

V(‘llo«n- V? platinocyanide of poUssium with chloride of cadmium. It is anhydrous, 
coiDiKmna^r blue iridescence when dry; when heated it glows and leaves a • 

V^und of cadmium and platinum. (Marti us.) 
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Platinocyanide of Cadmammonium^ (N*II*Cd"/TtTy* + — A solution of 
the preceding salt in ammonia yields this compound in large white needles, wliicb 
retain their ammonia somewhat tenaciously. (M a r ti u s.) 

Platinocyanide of Calcium, O&PtCy* -f 6aq. — Obtained like the barium-suit. 
iSlonder needles which exhibit a trichroism similar to that of the barium-salt, appour- 
ing lemon-yellow and siskin-green by transmitted, and bluish with a diamond lustro 
by reflected light. They are very soluble in water, and give off 20*44 per cent, water 
at 140" C. (Quadrat.) 

Platinocyanide of Cerium, CePtCy^ -I- 6aq. — Obtained by mixing cerous sul- 
•phato with pbainocyanido of liarium ; evap(jrsiting the filtrate at 100" C., exhausting 
the residue witli warm alcohol, evajwrating again, dissolving in water, and crysUii- 
lising. Forms fine yellow strongly fluorescent prisms, with azurc-bluo surfaco-luslru, 
and exhibiting a siskin-green tint along the axis. It is permanent in the air, glvts 
off half its water over sulphuric acid, but cannot bo completely dehydrated by heat 
without decomposition. From the alcoholic solution it crystallises in white cry.stAl8, 
which contain less water, but when oxposeil to the air, or when breathed upon, quickly 
take up water, and arc convorted into the yellow salt. (Czudnowicz, J. pr. Uliein.' 
Ixxx. 16.) 

Platinocyanide of Cohali- ammonium, (N*ll•Co")PtCy^ — Obtained as a 
crystalline flcah-colonrcd powder by precipitating platinocyanide of potassium with 
cldoride of cobalt, dissolved in a mixture of caustic ammoiiia and carbonate of 
iiminonia. (Knop and Schnodormann.) 

Platinocyanide of Cinchonine, (C?®JPWO)''PtCy^. — Fasily soluble, colour- 
Jess needle.*!, obtained by decomj>osing the barium-salt w'ith sulphate of cinchoiiiue 
and ovaptiratiiig. (M a r t i us.) 

Platinocyanide of Copper, OuPtCy®. — Precipitated on adding sulphate of 
copjHjr U) a solution of the potassium -salt (Quadrat). It is a green precipitutu, 
wliich shrinks very mtudi in drying, forming shining sharp-odgwl fragments. Clives 
olf cyanogen when heated in close vessels, and leaves a black powder, probably cdii- 
sisting of platinum and oxide of copper (Schaf arik). It is insoluble in water and 
acids, hut easily soluble in ammonia, the solution yiohling by slow ovaporati(jn azure- 
blui? crystals of the following salt. (Quadrat.) 

Platinocyanide of Cupr ammonium, (NWOu/TV'Cy® + aq. — Obtained as 
just described, or by mixing platinocyankle of potassium with nitrate of copj)cr dis- 
solved in ammonia. It then separates after a few hours in dark blue needles contaiii- 
jng water of crystallisation. At 140" 0. it gives olF ammonia and turns green. 
(Knop and Schnoderraann.) 

Platinocyanide of Ethyl, CTI‘®NTt + aq. = (C*lP)TtCy* + aq. = 2C‘lPC’y. 
PtCy + 2aq. (C^. v. Thann, Ann. Ch. Pharm. evii. 315.) — l*re]>ai*cd bypassing dry 
hydrocdiloric acid gas into a solution of hydroplatinocyanic nchl in absolute alcohol, 
'i’he gas is mpitlly absorbed, the liquid l.K)comes very hot, and solidifies on cooling to 
a crystallino pulp, composed of small aurora-red nowllos. The crystals must he 
quickly filtered and dried with groat care over oil of vitriol and caustic potsish. 

The c-rystals thus obtained contain 1 at. water, from which Uiey cannot he sep:i' 
rated without decomposition. They belong to tlio trimetric system, and are com- 
binations of a prism with the basic terminal faco and a dome. They appear to ho 
isomorphous with platinocyanide of potassium. Under the microscojm, the bmlyof 
the crystal oxliibits a brown colour, while the surface varies from azure to dark steel 
blue. 

Hydrated platinocyanide of ethyl is resolved at 100" C. into alcohol and hydro- 
platinocyanic lU’id ; 

CTPhN'PiO' 2Cr‘«H«0 f C^N'Ptll*. 

Ir sulTors the same decomposition in conbict with water. At higher tomperatures it is 
r solved into platinous cyanide, cyanide of ethyl, and water. Aqueous ammonia addid 
in excess to a concenlmttjd al<?oholic solution of platinocyanide of ctliyl mixed with 
four or five times its bulk of ether, forms stellate groups of noodles consisting of 
ptutinotyanide of diplatosammoniim (p. 264); and on evaporating the mother-liquor to 
tiryness, dissolving it in alcohol, and leaving the solution to evaporate over oil of 
v.triol, it first dojKisits hydrated platinocyaauie qf ammonium, and then yellow needles 
probably consisting of piatinocyanidi oj tthylammonium. The decomposition may be 
reprewented by the equation : 
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3 (C>lI‘)'PtCjr‘ + + (C*n-N)«PtOy* + 4C=H‘Cy. 

Plaiinncyaiildt) of Plaliiiocyanidt* of Cyanide of 

diidiitusammoiiiiiin. ethylainmonium. ethyl. 

S(C<U"'rtCy‘.2H‘0) + GNU» = NyiaXNU^* | ^ ^ 

riatinncyanide 
of Riiimoniutn. 

2(C=IIMI.O) 4- 4Cai'Cy + 4H«0. 

Alcohol 


Prol)Ji])ly these reactions go on together; but the cyanide of ethyl appejire to be 
furtlior acted on by the free ammonia, i>erhapfl yielding ethylaniino and cyanide of 


urnnionmm : 


envoy + 2NH* * N(H=*.C*H*) + NIPCy. 


Dry ammonia gas converts platinocyanido of ethyl into plati nocyan i do of ammonium 
ami ctliyluniino : 

(C2H‘)2PtCy< + 4NU* = (NID)2PtCy< + 2N(H2.C^H"). 

Platinoeyanidc nf Ethyl aminonmm,' CnV^WVi'' — (N.lI*.C‘^il*)*l^''Cy*. — The yellow 
crystals obtained, in the manner above described, by the action of aqueous ammonia 
oti a solution of platinocyanido of ethyl in nlcolxd and other, dissolve. v<*ry readily in 
water and alcohol; and tlio solulioii.‘< evaporated in the air, leave long yellow needles, 
which, while immersed in the mother-liquor, oithibit a splendid violet iridescence on 
the surface, (v. Tliann.) 

riatinooyanide of liy d r og en. Hydroplatinocyanic acid. IPPP'Cy^. — Prepared 
by dt'coinposmg the copper-salt susponded in water w'ith sulphydric acid, evaporating 
the filtrate to dryness, dissolving the residue in a mixture of alcohol and ether, and 
again evaporating. As thus obtained, it form.s hydrated bliiish-bhu'k prisms, or if the 
( rv.stallisation has been rapid, green ish-yelbw needles with a coppery or golden lustre. 
Tlicv absorb moist uro from the air, turning yellow and dclhjucscing (Quadrat), By 
tIrcMfiijKsliig the bariuin-sjvlt with an mjuivalont quantity of sulphuric acid, evaporating 
ihc filtrate, redisaolving in alcrdml and rtlior, and evaporating over sulphuric acid, 
Wcsclsky ol^taincd the acid in iTystals 7 or 8 lines long, half a line thick, and having 
a s|ilen(lid vermilion colour with blue, iridescence on the prismatic faces. Those 
<>i’v.<.ital.s absorbed water from the air, and then assumed the ordinary appoamneo of 
liy(lropla*inocyanic aci<b 

Ilydn'platinocyanic acid turii.s yellow at lOO*^ C., then white, and may bo hoalod to 
1 10'" without clocomixi.sing. Jt i.s soluble in water and in alcohol ; the alcoholic eolu- 
tiuu is colourless. It deconiposoH carbonates with effort’osceiico. It absorbs ammonia 
with rajiulity, acquiring a yellow colour. Heated with strong sulphuric acid, it is do- 
comjiosed, yielding hydrocyanic acid and a yellow substance, probably platinous 
<‘vanido (Quadrat). .Nitric acj<l decomposes it, with S(‘panition of platinous cyanide. 
(Schafarik.) 

Platinocyanide of Lanthanum, La'Tt'Oy* + 6aq. — Prepared in the same 
manner as the cerium salt (p. 202), Crystallise.s from the aqueous solution in shining 
rfioTiibic prisms terminated by a bracliydifigonal donio. They exhibit dichroism, 
being yellow inclining to orange by transmitUal light, but having a blue surface lustre. 
When placed over sulphuric acid they give off 3 at. water and acquire a scarlet colour; 
in vacuo tlioy give off* 6 at. w'ater and acquire a dirty yelloAv-brown colour. From 
f olution in strong alcohol the salt crystallises wdth difficulty in colourless crystals, 
which contain leas water, but quickly take up an additional quantity and turn yellow. 
(Ozudnowicz, J. pr. Chem- Ixxx. 31.) 

Platinocyanide of Lead, PbPtCy^ — Yellowish-wliito crystalline powder ob- 
t:uTjod by precipitation. When heated it behaves like the cadmium -salt. It is 
soluble in warm dilute nitric acid, solidifies on cooling to a red crystalline magma of 
pi itino-tricyanido of lead, 2PbCy*.Pt'‘'Cy® + lOaq. 

Platinocyanido of Magnesium, MgPtCyV — Prepared by mixing a solution 
of the barium-salt with sulphate of magnesium, evaporating the filtrate to dryness, 
digesting the residue in ethor-alcohol, and leaving the solution to evapiratc; or by 
mixing the solution of tho potassium-salt with sulphate of magnesium, evaponiting to 
a dry powder, digesting with ether-alcohol, and ovajx>rating (Qii adroit). It is thus 
obtained in fine large square-based prisms, often grouptHl in rosettes, of a deep rod 
colour by transmitted light; when viewed by roflectnd light the sides of the prisms 
‘ vhibit a brilliant beetle green, and their extremities a deep blue or purple colour. 
The red crjTitvls contain MgPtCy^ + 7aq. Between 60*^ and 40^ C. (86° and 113° F.) 
ihoy give up 1 at. watsr, and are reduced to MgPtCy' -I- 6aq.. which has a bright 
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yellow colour; this hydra.t© is likewise deposited from solution at the temperatup© of 
160° F.; also, according to Weselsky, hy leaving a solution of the ordinary reil and 
green salt in water, or in absolute alcohol, to crystallise over sulphuric acid. At 
212° F. the salt becomes quite white, and then consists of MgPtCy* + 2jiq., and 
lietwoen ,300*^ and 400° F. it gives off the rest of its water and again becomes yellow. 
Jf a portion of this yellow anhydrous salt be laid on the red salt in jniwder, it will 
soon abstract water from the latter, and a white layer will be formed between two 
yellow borders, one consisting of the anhydrous, the other of tlie 6 -hydrated salt 
(Schafarik; Hadow). The salt is vciyr soluble in water, and forms a nearly 
colourless solution. 

Platitweyanide of Magnesium and Potassium, (MgK-)Pt*Cy" + 14aq. — Hadow oh- 
tained this salt on one oewision, simultiiiieously with the msignosium salt, by evaporat- 
ing to dryno8.q a mixture of the solutions of sulphate of magnesium and platiin>cyanide 
of pobissiitm, and digesting the ro-siduc in weak alcohol (instearl of ethcr-alcoliol). 
The cr3'stals are of a paler red than the preceding, and exhibit a steel-blue lustre hy 
reflected light. Part of the water of crystallisation is given off at 100° C., the ^e^t 
at a higher temperature. The salt cannot bo recrystallised, except from exeos.s of 
plati nocyanide of magnesium, and even then, sudden cooling or agitation of the 
saturated solution will cause it to separate into its component salts. (JIadow.) 

Platinocynnide of Mercury . — Tlie mercuric salt, irg"Pt''Cy^, is a white preci- 
pitate obtained by mixing the solutions of plati nocyanide of potassium and mercuric 
chloride, (G m e 1 i n. ) 

With mercurous nitrate, plati nocyanide of p<^)tassinni forms a blue precipitate, con- 
Busting, according to Rammolsberg’s analysis, of oirg'Tt^CyMlg’N'-'O'* + lOaq. This 
c impound is not soluble in cold water acidulated with nitric acid, and ciiniiot bo fpeid 
from memirouH nitrate by washing When boiled with water, the blue colour changes 
through green and yellow to white, being ultimately eonvertod into mercuric plat irm- 
cyauido, the liquid containing mercurous nitmto. It is likewise roduceil U) niercunc 
plati nocyanide by heating it in the, state of powder to 200'^ -“250'^ 0. (Dob ore i nor; 
Schafarik.) This blue comjionijd is also formetl on niiding mercuric plati nocyjiirnle 
to mercurcius nitrate. ( D d b e r e i n e r,) 

Plntiff nrt/anide of Nir kelammonium, (N*lT"Ni)'Th''Oy’, produced by arhling 
the potjissium-salt to an ammoniacal solution of nitrate of nickel, forms violet m odh-.s 
which yield a {)alo violet crystalline jv>wder. 

Platinoso-platinic Cyanide^ Pt*Cy® *= 2PtCy*.PtrJy^ — This, according to 
fJ erhardt {'PraiU, i. 366), is the constitution of the yellow compound, commimly 
called dicyanide of platinum (p. 260). But, as already observed, it is most probable 
tliat this compound is e.ssontially the dicyanido more or loss impure. 

Platinocynnide of Diplatosamm0niu7n,^^Wt''Cy ' IPPt (NH ^J„|Cyb 

— Precipitated on adding plati nocyanide of potassium to a solution of chloriih' of 
diplat/»samraonium (ammonio-platinous chloride : nor Platinum, iv. 67) ; — also on 
mlding cyanicle of potassium to chloride of diplatosanjmoniiun ; also when cyanogen 
g»is is passed into a sobition of hydrate of diplat,osa!Tiine, the reaction depending 
on the decomposition of water, the elements of which unite with the cyanogen, form- 
ing hydrocyanic and cyanic acids, and the hydrocyanic acid forming plat-inocyaiiide of 
diplatosammonium, ammonia, and water; 

N«IP'’Pt.2(IPO) + 2TTry N’lITKy > 2NIP -i- 20*0. 

It is a white crystalline prccipiuito, nciarly insoluble in cold water, but may be 
crystallised from Ijoiling water, and is then deposited in microscopic hexagonal tables 
often grouped in stars. Heated in the air, it takes flro and burns like amadou. It 
uissolves, without decomposition, in potash and in ammonia, also in dilute acids, but 
is decomposed by strong nitric and sulphuric acids. With nitrate of silver it forms a 
precipitate of plat i nocyanide of silver, while nitrate of diplatosammonium remains in 
s<»hition. (Buck ton.) 

Cyanuie of Ptalosanmonium., (N^H^PP/'Cy*, a compound isomeric with the pre- 
ceding, is obtained by digeetiiig chloriile (»f platosammonium with cyanide of silver. 
The decanted liquid is yellow, and yields, by concentration, slender needles of a pale 
yellow colour, much more soluble in water and ammonia than the platinocyanidc of 
diplatosammonium. (Bu ck t o n.) 

Platinocyanidc of Potassium, K'PtCy* 2KCy.Pt0y-.— This fitiU, dis- 
covered by Leopold Gniolin, is produced by lusing cyanide or ferrocyanide of p»>t 4 issiiua 
with platinum : hence platinum crucibles ;iri* sfnmgly attacked by alkaline cyanides 
fn B state of fusion. 
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Preparation. 1. A mixture of equal parts of spongy platinum and ferrocyanido of 

tfiHgiura is heated nearly to redness in a crucible (if the heat applied bo in- 
efficient the ferrocyanide of potassium romains undecom posed, and if it bo too grosit 
the platinum-salt is decomposed) ; the mass is dissolved in water; the filtrate evapo- 
rated at a gentle heat ; the warm liquid separated by decantation from any crystals of 
undecomposed ferrocyanide of potassium that may have been formed, then left to cend 
till the platinum-salt is crystallised ; and this salt is purified by pressure between paper 
and recrystallisation, both from ferrocyanide and from cyanide of potassium 
((Imelin). — 2. Tetrachloride of platinum is converted by heat into dichloride; an 
Lueous solution of cyanide of potassium is completely saturated with the latter ; and 
the filtrate ds evaporated and left to crystallise (Knop): 

PtCl* + 4KGy = K^Pt'Cy^ 2KC1. 

Since a largo quantity of platinum-salt remains dissolved in the mother-liquor, which 
(v>ntains the chloride of potassium, it must be evaporated and mixed with sulphuric 
Mcid ; hydnxjhlopic acid is then evolved, and a yellow gummy precipitate formed, con- 
Histing of dicyanide of platinum, which separates almost completely on boiling the 
liquid with excess of sulphuric acid. The liquid is then diluted with water ; the prrci])i- 
tit(i is thrown on a filter, washed with water, and dissolved while hot in aqueous cyanide 
of jvjtassiuin ; and the liquid is boiled till the evolution of ammonia (from the cyanate of 
piLiisHiuin) ceases, and then brought to the crystallising point. (Knop and Sch no- 
de rrn arm.) — 3. A concentrated solution of tetrachloride of platinum is added to the 
.ujuoous solution of cyanide of potassium, and the mixture is heated till the precipitate 
(’(insisting of chloroplatinato and chloroplatinite of potassium is redissolvod, then 
left, to crystallise. — 4. Chloroplatinato of ammonium stirred up with water contiiiniiig 
lumps of cauvstic potash, is dissolved at 100° C. in a strong jkjuoous 8olutif)n of cyanide 
of }»otassium ; the solution is boiled till it no longer gives off ammonia ; and the filtrate 
is left to crystallise. In this manner the salt is obtained quite pure in needles 2 or 
inches long, and a line in thickness. The addition of caustic potash prevents the 
hi^rniat ion of cyanide of ammonium, and of the double platinocyanide of ammonium and 
p itassi uui . (Martins.) 

IVoperfms . — riatinocyaiiide of pota.sHium forms long rhombic prisms, yellow by 
transmitted and blue by reflected light. The dominant faces are P and osP. Incli- 
nation of QcP : oDp = 97°; P : ooP = 122°. The cryst;ils contain water, their 
formula being K‘‘*Pt"Cy^ -I- 3aq. Th(\v ofilore.^Jce rapidly in the air, becoming 
ojjupKj and n)se-coloured ; at 100° C. they give off 12*4 p. c. of water, jussuining 
first a white and then an oratige-yellow colour. At a higher tcmperjiturc, lh<» 
n^sidiio gives off 0-22 p. c. more water (12 (32 p. c. in all), Jigain becoming white, 
and ultimately fusing into a grey and yellow mass, which is very apt to run 
over the sides of the Vfssel (Cm el in). The dry salt heated out of contact with tho 
!iir does not decompose at any temperature between 400° and 600° C. (Knop and 
Sell nodorm anil). Nitric acid decomposes the salt, forming nitn* and a transparent 
and colourless jolly. Mixed with an oijual weight of strong mlphurio acid ami with 
wat('r, and cvaporateil, it forms a yellow tenacious mass. Dilute sulpliuric acid colours 
it orange-yellow (Omclin). — It dissolves in strong sulphuric acid without evolution 
of hydrocyanic acid ; the solution heated to the boiling point yields dicyanido of 
platinum in thick yellow flakes, no hydrocyanic acid escaping, but a gas which burns 
with a hlue flame, probably carbonic oxide. If the quantity of wat(T added to the 
sulphuric acid solution is just sufficient to produce intense heat, the cyani<lo of phitinuni 
still separates out; but if t^x) much water be added, it does not. (K nop and Schne* 
d ermann.) Polled for some time in aqueous solution with chlorate or chromate of po- 
it is converted into platinidcy.anide of ixitassium. The same effect is produce* I 
by peroxide of Uad^ with formation of carbonate of potassium !ind carbonate of Ic^ad. 
('h/nrinc, hremine, and iodine first convert it into plat,inidcyaiiide, and afU^^wurds into 
a compound of that salt with chloride, bromide, or iodide of potiussium. (Martins.) 
Acconiing to Hadow, tlio compounds thus formed consisf of 6 at. platinocyanide with 
1 at Cl. Kr., &c. (p. 266). 

PlatinfH’yanido of potassium dissolves abundantly in warm water, but a oonsidcrabh^ 
pu-t ion separates out on CfM>ling. 

Quadrat (Ann. Ch. Pharm. Ixiii. 167) by adding dichlorido of platinum to an 
aqueous solution of cyanide of potassium, and evaporatllng the filtrate to the crystal- 
lising point, obtained well-defined yellow crystals which he found by aTialysis t/> agree 
will] the fonnnla K’^Pt^Cy®* + 21aq., or 2KCy.6K'^PtCy* 21aq., and from this salt 
he obtained, by double decomposition, a numlwr of others said to be of similar consti- 
Jetion, and therefore represented by the general formula M'‘'Pt'‘Cy''*'‘'. (»r 2MCy./)MM\Cy*, 
Ihese salts Quadrat designates as platino-plati nideyanidos. Tim potassium-salt 
rt*''pnred by Quadrat’s method hjis, houmver, been analyse^l by Oerhardt, l^aiirent, 
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and Schafarik, who all agree in assigning to it, not the formula given by Quadbit, but 
the formula of plati nocyan ido of potassium, K PtCy*. Hence it would appear that 
Quadrat’s platino-platinidcyanideH were merely plati nocyan ides not quite pure. 

Platinocyanido of potassium, mixwl in solution with other soluble plati nocyanidcs, 
yields crystillifio double salts of analogous composition, and of much brighter and 
deeper colour than the component salt. Vlaiinocyanidt of jtotasmm sodinta 
(KNa)PtCy* + Gaq., prepared as above or by decomposing platinocyanido of copper 
with a solution of the carbonates of potassium and sodium, forms monoclinic crystals 
(ooP . rasPw] . [Px]) of a bright orange colour by transmitted, and stoel-ldue l»y 
rcflectea light, with siskin-green fluorescence. The salt (K*Sr)Pt®Cy* forms mono, 
clinic crystals, with y(dlow body-colour and blue iridescence on the surface. The salts 
(K*Ca)Pr*Cy" and (K‘‘'lhi)PtCy*' exhibit a fine deep gold colour. (Marti ifs.) 

Platinocyanide of Silver is a white precipitate, resembling cyanide of silver.-^ 
IHatinocyaiiide of argent -ammonium (NIPAgy-^PtCy^ is obUined by dissolving c;irbotiule 
of silver in ammonia, and adding a solution of platiinvyanide, or plati nosesquicyajiide 
of potiissiuni. It forms colourless or slightly flesh-coloured needles, insoluble in pure 
water, but soluble at the boiling heat in strongly animoniaeal water. An ammoniac.d 
solution of nitrate of silver mixed with ammonia yields, after a few hours, needles 
which appear to Iw hydrated. (Knop and Schnedermann.) 

Platinocyanide of Sodium, Na-^PtCy’ + xaq., olflained by boiling the copper- 
sjilt with c;irLonat-6 of sodium, fonns lai’ge crystals belonging to the monocdinic system. 

Platinocyanide of Strontivnn, HrPtCy* + 5aq., prepared by saturating hydro- 
platinocyanic, acid with carbonate of stront um, or by decomposing the copper-salt with 
strontia-water, forms sometimes milk-white, aometimos transparent erystals. which, 
when exposed to the air, acquire a violet tint throughout. When left over sulphuric 
acid for twenty-four hours, they acquire a splendid purple colour, like that of a 
solution of permanganate of potassium, and a gold-green metallic surface-lustre, but 
on exposure to the air for a few days they completely regain their previous appenr- 
nneo. At 100° 0. the salt bccomo.s turbid throtighont, and acquires n deep orange 
colour, deeper than that of the dry hari urn .salt, the gr)ld-groen surface-lustre being at 
I lie same time changed to azure. At lo0° 0. the salt becimios white and anhydrous, 
but is so sensitive to moisture, that when l)r(';ith(Ml upon, it immediately acquires a 
blackish-purple colour. (Schafarik.) 

Platinocyanide of Zinc-ammonium, (N-JPZnyTPiy, is obtained in large 
Colourless crystals by adding plati no(*yariide of |iotas.‘:ium to an nmmoniacal .solution 
of chloride of zinc. 

Plattnldoyanldes. Platinose.^quia/anide.^, M'(IV)^‘(:y»» «• 4M0y.(rt^)''Cy«. - 
These salts are produced by the action of nitric acid, chlorine, bromim*, and other 
oxidising agents on the platinocyanidcs ; 

3M Pt"Cy‘ + O = MTt'Cy'® + M''0 PtCy. 

They have a peculiar coppery lustre, and are all soluble in water and alcohol, forming 
colourless solutions, excepting the lithium-.salt, the solution of which is yellowish 
(Weselsky). They give off cyanogen when iieatod, leaving a resifluc of platino- 
cyanidc. Like the ferricyanides, they separate imlino from i<Klide of potassium, and 
exert a bleaching action in presence of alkalis (lladow.) 

According to iladow ((’hem. .Six*. Qu. J. xiii. 106), the compo.sition of the platinid- 
cyanides is not correctly represented by the tormula above given. For, as the pro- 
portion between the [tlatinum and the basic metal is the same in this formula as in 
that of the platinocyanides, it is not easy to sec how the plati nicyanides are produced 
from the platinocyanides by oxidation. Wesebsky’s equation suppisos that platinum 
is remov^ at the same time as the basic metal ; but this is regarded by Hadow as 
inconsistent with the known .stability of the platinocyanides. Moreover, when 
platinidoyanides arc reduced to plati nocyanidcjs by the action of potash, no cyanide, 
of potHs.sium appears to be formed. Hiidow concludes, from his own analyses of 
the platinidcyanidcs, that they are merely platinocyanides combined with a certain 
quantity of chlorine, bromine, nitryl, &c.., according to the oxidising agent used 
in their formation, and accordingly divides them into chloroylatinocyanideB, bromo- 
platmocyanides, &c. The compound PtCy*.2KOI (p. 267) he regards as a perchloro- 
platinocyanide of potassiu7n, K‘Pt(ly*.(d*, in which the platinocyanide is combined 
with the maximum quantity of chlorine that it is capable of taking up. More- 
over ns 6 mol. platinocyanide of potassium, (K'^PtOy*)®, require 6 mol. chlorine, 
(flCl*), to convert them into the perchlorocyanide, whereas, according to Ilodow, tlie 
chloroplatinocyanide requires only 6 mol. chlorine to prixluco the same compound, ha 
edocludes that the formula of the chloroplatinocyanidc is (K*Pt(^<)«.Cl*. On this view 



CYANIDES OF PLATINUM. 267 

the oxidieing action of the salt in prosenco of potash, without formation of cyanide of 
Mtussitim, is explnined by the equation : 

2(K‘^PtCy^)«CP + 2K-‘0 = 12K*PtCy^ + 4KC1 + 0« 

The chloroplatinocyanidcs may also b© regarded as compounds of platinocyunides and 

porehloroplatinocyanides : 

(K^PtCy^CP = 5K*PtCy< + K’^PtCy^Cl*. 

And in fact, on mixing the concentrated solutions of the platinocyanid© and porchloro- 
platinocyanidc, the copper-coloured noodles of the chloroplati nocyanide immediately 
Hrnanito out. On the other hand, on mixing the solution of chloroplatincx'yaiiide of 
P'ltassium with a zinc-salt, platinocyanido of zinc is precipitated, and porch lorophitino- 
cyanido of potassium remains in solution. 

* The corresponding bromine-, nitro-, &c., compounds are similarly constituted with 
hr, NO*, &e. in place of Cl. No iodine-compounds of the class appear to exi.st, but an 
vxt/sulphtplatinocyanide of potassium^ (K*PtCy^)“.‘2»SO', is obtained as a copper- r(!>d 
n»ass, with moss-liko ramifications, on adding {leroxide of lead to a solution of platiiio- 
ryanidi^ of poUissium acidulated with sulphuric acid. 

The ]M'rchloroplatinocyanidos give with mercurous nitrate a white, and with cupric 
sidts a finely pulverulent blue precipitate, wdiereas the platimicyanidoH give with 
o)u:rcuroN8 nitrate a smalt-blue, and with mpric salts a fioecuh nt blue ])recipitate. 
'J he pf^rchloropbiti nocyan ides separate iodine from melallio if>dides, and when iin- 
iiiersod in a solution of platinocyanido of potassium immcdialely become covered witli 
copjH'r-rod noodles. The ehloro- (or bromo-, nitro-, &c.) platinocyanides exhibit \lie 
reactions of the two salts of whicli they may bo made up. 

As lladow’s results differ from those of all other chemists who have examined the 
so-called platiriidcyanidos, the composition of these salts must for the present bo con- 
siiiered doubtful. 

n nlinidcyanide of /I (NlI‘)^Pt*Oy“’, crystallises in needles contain- 
ing b at. wait;!' (Knop and Sclincdormann). They have a golden yellow metallic 
lu.'^lre, become 8tf>el-grey at 160° C. with partial decomposition, and lemon-yellow 
1 m twf'cn 180° and 190°. (Weselsky.) 

VI aiin id cyanide of Lead ^ PI)*Pt*0y*” + Oaq. — This salt crystallises on cooling 
from a solution of platinocyanido of lend in warm dilute nitric acid. It may l>e ob- 
tained pure by gr;i(Uuvlly adding nitric acid of specific gravity P‘2 to a mixture of the 
concentrated solutions of platiiiocyanidci of jHitassium and acetate of lead, and leaving 
the mixture to cool. It then often stqmrates in needle-shaped crystals ‘2 inches long, 
liaviag a light rcd-lcad cob)ur in the body, and deep azure-blue on the surfac *. At 
40° 0. they give off 1 at. W'ater, and assume a vermilion colour; betw«?on 60° aind Ctt® 
tliey become chorry-red, at a stronger heaU llcsh rtnl ; and at 200°, perfectly white ami 
anhydrous. (C. F. Martins.) 

Vlafinidcyanide of Lithiu7n, Li^Pt.*Cy’‘’ 6aq., is very soluble in water aind 
alcohol. (Weselsky.) 

Platinidcya7hide of M nynesium forms a blackish violet satiny mass of micro- 
scopic needles. (W e 8 o 1 s k y. j 

VI ntinideyanide of Potassium, K*Pt*(ly*® + 6aq. — Obtained by pa.ssing clilo- 
rine into a warm solution of platinocyani<le of potassium, sufficiently concentrated \jo 
deposit crystals on cooling, till small copper-rod iieetiles begin to form in it and ult i- 
mately convert the liquid into a tli ck pulp. 'J’he ^mssago of the gas is then di8(*.on- 
timie<l, the nms.s i.s thrown on a filter and slightly pressed, to facilitate the removal 
of the mother-liquor, and then subject^ to strong prc’s-suro between folds of filtering 
pa^Tcr. It is purified by rocrystallising it several times from the smallest possible 
quantity of boiling water, slightly acidulated with hydrcx'hlopic acid to saturate any 
cyanato or carbonate of potassium that may be mixed with the salt, and would reduce 
it to plati nocyanide when heated. (Knop.) 

Platinidcyanido of pobissium crystallises in beautiful prisms, green by transmitted, 
and having a coppery metallic lustre by reflected light. Viewed in the mass, it re- 
sembles a tissue comjK)scd of fine needles of copper. It dissolves easily in water, but 
is insoluble in alcohol. The solution forms a white precipitate with mercuric salts, 
deep blue with mercurous salts, greenish blue with cupric salts. (Knop.) 

The salt is easily decomposed by heat, giving off cyanogen, then acquiring a 
brownish-yellow colour, and ultimately melting to a brown mass (Knop). According 
to Weselsky, it turns dark green at 180° C., and yellow at 200°, without losing its 
meUllic lustre. When loft over sulphuric acid in vacuo, it gives off part of its water, 
turns black, and is afterwards only partially soluble in water. Ily digestion with 
pot4Uih it is reduced to platinocyanido. Strong sulphuric acid dccf)m[Kjses it, with 
separ.ation of a yellowish powder, which gives off cyanogen at a reel heat, and leaves a 
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residue oontainiog platinum and potaaaiuin. When digested with cold concentratx^d 
hyrlrochloric acid, it first turns orange-yellow and then white, but resumes its copper 
colour when heated. (Knop.) 

Hadow,.as already obscrv^, regards this salt as platinocyanide of pot^sium iinikui 
with J at. Cl, Br, NO*, &c., according to tho oxidising agent used in its formatimi, 
that is to say, as (K*PtCy*)'‘Cl*, (K PtCy*)'‘Br*, &c., or as a compound of chlon^platino- 
cyanide, &c., with pcrchloroplatiiiocyanide, &o. (p. 267). Ho gives as tho easiest 
tnethod of preparing the chlorine or bromine compound, to treat J of a concontrutcKl 
solution of platinocyanide of potassium with excess of chlorine or bromine, and alter 
gemtiy warming it, add to it tho remaining § of tho platinocyanide: the pure salt then 
separates out after a short time. The ciystals of cHoroplatimtcyanide of poiussmm 
contain K'*Pt*Cy**Cl* + 2lH^O, of which 18 at. go off at 100° C., the rest at 180°. 
(lladow.) 

CoMfound of Tiatinic Cyanide with Chloride of Potassium^ PtCy*.2KCl + 2;iq. ; 
according to Hadow, PercMorocyanid4i of PotassiuMf K^PtC’y^Cl* + 2aq. — Obtiiiiicsl 
by dissolving platinidcyanide of potassium in nitromuriatic acid heiited nearly to 
boiling (Knop and Schnoderinann), or by adding permanganate of potassium to a 
solution of the same salt acidulated with hydrochloric acid (Hadow), and evapfmi' 
ting at the heat of the water-bath, Tho liquid on cooling deposits tho salt in largo 
rliomboidal plak's belonging to the triclinic system, very soluble in water and in 
alcohol, while the mother liquor retains chloride of potassium. 

Tho salt is very efflorcsc(*nt. When heated it gives off cyanogen, and if calcined at 
a gentle heat, loaves a residue of plutinocyain<le and chloride of potassium ; but if more 
st rongly heated, leaves metallic platinum and chloride of potassium. When sulpimrous 
acid gas is passed into the solution aud tlie liquid is then left to evaporate, it dep^xsits 
crystals of platinideyanide of potassium mixed with platinocyanidi!. A similar reduc- 
tion i.s effected by zinc and by ammonia. (Knop aiid Seb node r maim.) 

CTAIVZBB OF FB08PH0RV8. 8oe page 256 . 

CTAXrxnil OF potassium. CNK = KCy. This .salt is produced by the 
direct condnnation of cyanogen and ix>ta8siuni. The metal absorbs cyanogen slowly 
at ordinary temperature, but when Iieate<l, it quickly takes up a volume of flic 
g;is ♦?quul to tho volume of hydrogen whicli the same quantity of potaa.sium would 
eliininato from water. Potassium heated in tho vapour of hydrocyanic acid is also 
converted into cyanide, with separation of a quantity of hydrogen equal to that which 
it would elirninati^ from water. 

The formation of cyanide of potassium by fusing azotised organic matters with 
carlK)nate of potassium, by igniting nitrates or nitrites with organic substances, and 
by passing nitrogen gas or atmospheric air over an ignited mixture of charcoal and 
ftirljoniite of potassium, has been already mentioned (pp. 198, 238). 

PrrparatioT ). — Cyanide of potassium is prepared by igniting tlic ferrocyanide (yellow 
prussiato) either alorie or mixed with carbonate of potassium. Tlie former method, 
when properly conducted, yields a pure product, the feiToryanide being resolved by 
heat into cyanide of potassium, carbide of iron, and nitrogen : 

4CNK.(CN)*Fc = 4CNK + FeC* -i- N». 

One-third of the cyanogen is, however, resolvwl into carbon and nitrogen, so that only 
two-thirdfl is obtained in tho form of cyanide of potassium. Tho latter metluKl yields 
a larger product, five-sixths of tho cyanogen roinaining as cyiiuido of jK)taMsium,’ but 
the salt thus obtained is mixed with evanate and earbmiate oV potassium : 

K’FeOy* + K-'Co» = dKCy + KCyO -h CO-* + Fe, 

Tho presence of these impurities dot's not, liowever, interfere with many of the pur- 
poses to which cyanide of potassium is applied : hence the process is frt'quently used. 

1. simple ignition of the fttrrocyanide. Crystalli.sed yellow prussiato is deliydrated 
by he^iting it on an iron plate till it forms a dirty white mass on cooling. It is tln'ii 
pulverised, pressed into an iron crucible, and the crucible with itfl cover on is subjeett'd 
to a moderate red heat, till a sample of the fused mass taken out on a glass rod, appears 
white and exhibits the aspect of porcelain on cooling. Tho crucible is then taken out 
of the fire, left at rest till the carbide of iron has settled down to the bottom, and tho 
fused cyanide of potassium is poured out on a marble slab or a plate of polished 
metal. Care must be taken not to apply too strong a heat, which would partly decom- 
pose the cyanide into nitrogen and carbide of potassium, and not to leave the fused 
mass too long in contact with the carbide of iron, as a certain quantity of ferrocj^anido 
may then be reproduced. (Robiquet, J. Pharm. [3] xvii. 643 ; Geiger, Ann. Ch. 
IMiami. i. 44.) 

2. By igniting thf ferrocyanide with carbonate of potassium. An intimate mixture 
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of 8 ptH. inihytlroiiB ferroc)fiuiidc aiul 3 fts. carbonate of potaHaium (the proportion 
imlinilfil by the equation iibovi* given), ia introduced bysniall portioiiB into u cast-iron 
(Tucibie ju’eviously heated to low redness. After all the material lias been added, tho 
crucible is kept in the lire till the melted mass exhibits on cooling the aspect of por- 
ci’lain, as above mentioned; it is then taken out, left at rest till the metallic iron pro- 
duced by the deeoinpo.sition has settled down, and the fused salt is ^Kiured out ; or it is 

l.ct to cool, and dissolved out by water or alcohol (F. and E. Kodgers, Phil, Mag. 
[;jl iv. 93.— Liebig, Ann. Ch. Pharm. xli. 285).— The carbonate of potassium used in 
tiiis pri'paration must be free from sulphate, which would be reduced by the cyanide to 
sulf)hide. An iron crueibh* is preferable to an earthen one, because the latter is pene- 
? rated by the firsed salt, and imparts silica to it. (Haidlen and Froseniiis, Ann. 
t'li. Phann. xliii. 130.) ^ 

(Cyanide of jxitassium may also be prepared liy igniting in a covered cnicible a 
mixture of 10 pts. prussian blue and 13 pts. carbonate of potassium, and exhausting tho 
ci-olcd mass with water or alcoliol. Also by throwing cyanide of mercury on curboiiato 
ol |«dassiuni heated nearly to redness. (F. and K Rodgers.) 

4. The uttenqits to ju’cpire cyanide of potassium on the manufacturing scale by 
iiifaiiri of atiuospliiTic iiitrogcn, have aln-ady been descrilicd. The salt is often pro- 
»Iiic(m 1 ill consi(l4‘rablo quantity in the blast-furnaces in which iron ores are smelted 
with coal or coke; hence Ihiiiscii has suggested the con.stniction of a blast -furnace 
cxpii'ssly for tli»‘ production of cyanide of potassium, the furnace being tilled with coke 
«ii- cliai'coal and potash in alternate layera, the wliole intensely heated under the 
iitlliieiici' of a strong blast, and the cyanide running down into u receiver at the bottom. 
{! '(forts (if the llrilish Association^ 1845, p. 185.) 

— Cyanide of potassium cry.stallises in transparent colourless cubes or 
fm-nis derived therefrom. It i.s inodorous when dry, but wlieii exposed to the air in 
Hu' moist state, it is decomposed by the carbonic acid of the air, and exhales the odour 
of jirns.sie acid. It.s taste is acrid and caustic, somewhat like that of bitter almonds. 
M is very fusible, melting at a dull red heat to a transparent liquid, which, on cooling, 
to a dull opaciue mass Iiaving tlie aspect of porcelain. At a white Ii(!at it 
a| |M'ai-s to volatilise without decomposition. It has an alkaline reaction, and is in- 
tl•!lS(*lv jM)isonous. 

Cyanide of potassium is easily solulde in louAr and very (bditjuoscent, so that it must 
. 1 1 ways lie ktqtt in tightly closed ve.s.sels. It likewise dissolves reailily in htfdrtUid 
((••n/ii)/^ l»ut is insoluble in absolute alcolioL 

Ih (‘ 0 III ^>os( turns. — 1. The aqueous solution of cyanide of potassium may be kept 
un.dtt'i'ed in elost'd vessels at ordinary temperatures, but when boiled, it is resolved 
into ammonia and formate of potassium : 

CNK + 2ir'U CTIKO' i Nll^ 

I Ilf ryanide liratcd wifli hi/drafi of futassimu likewise yit lds ammonia and formate of 
I'fla.ssimu, at first; but the latter compound i.s re.soJved, before tlie licat rises to red- 
n -ss, into hydrogmi and carbonate of potassium (Folouze)* — lienee, as (hiy-Lussac 
Iwiig ago ob.served (Ann. (-h. Pliys. viii. 440), ammonia is likewise evolved when hot 
ev:iniile of potassium i.s dissolved in water, or cold cyanide of potassium in hot water. 

2. When tlie .solution is boibsl down in contact with the air^ hydrocyanic acid is 
evolved, and there remains more carbonate than fonnati? of pota8.siuin. When 
moist or (liss()lv(‘d cyanide of potassiuin is exposed to the air at ordinary fenijieratures, 
it gr;i, dually absorbs carbonic acid, gives off hydrocyanic acid, and is iron verted into 
cjirbonate. 

3. Cyanide of potassium detonafos violently when hcat<‘d with nitrate or chlorate of 
[’-otassium. 

4. Cyanidi' of pota.ssium under rarions circum.stance.s takes up 1 at. o^r/ff/en, and is 
llieveby converUnl into eyiinato. This effect takes place, though very slowly, when the 
cyanide is fused in contact with the air ; more quickly when it is fused with peroxide 
of manganese, ai'senie, antimony, lead, or with the oxides of tin, iron, or copper — iu 
the lost case with ignition. Tlie peroxide of numganesc is thereby reduced to protoxide, 
and the other oxi<les to tho metallic state. (Liebig, Ann. Ch. Pharm. xli. 289.) 

5. Cyanide of potaa.sium fused with snl 2 )hatc of potassium^ yields cyanate and 
sulphide of pota.ssinm (Liebig).— Cyanide of potassium may likewise exert a re- 
ducing action in the moist >vay; thus, from aqueous alloxan, after a few hours, it 
tlimws down dialurato of pobissium. (Liebig.) 

9. Cyanide of potassium, fused with sulphur, is converted into sulphocyanate 
(Porrott), and .similarly when heated with sulphide of antimony or sulpliido of tin, 
the fused metal separating out (Liebig).— Sulplmr does not dissolve in ociueous 
'■gwiide of potassium, but sdeniim dissolves readily, oven at ordinary tempernturea. 
(Wiggers, Ann. Ch. Pharm. xxix. 319.) 
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7. Cyanide of potHSaium boiled with iodine bikes up a lai^o qiuuitity of that huK 
atan^ forming first a brown and afterwi^rds n colourless liquid, wliicli solidifies oa 

and forms a crystalline magma of iodide of cyanogen (Liebig, Ann. Ch. 
PEarm. I 366). Probably in this manner; KCy + = KI + Cyl. According to 

Langlois (Ann. Ch. Phys. [3] lx. 220), the crystals consist of a compound of cyanide 
of pota^inm with iodide of cyanogen. (See Cyanoobn, Iodide of.) 

8. Cyanide of potassium takes up iodide of nitrogen without any evolution of gas; 
the colourless solution ovaporaUnl in vacuo, yields a crystallo-granular, very deli- 
qm-Hcent jmass, the solution of which smells of iodofoimi, and produces a yellow pre- 
^pitate with corrosive sublimate. (Mi lion, Ann. Cli. Phys. [2] Ixix, 78.) 

' Cyanide of potassium forms numerous compounds with other metallic cyanides, the 
description of which is given ivith tho.se cyanides. 

Cyanide of potassium is of great use to the experimental chemist, both for 
itotreducing and its solvent powers. As a ru»lucing agent, it is nearly equal in power 
to pofossHim itself, and is especially useful in blowpipe reactions. As a solvent, it is 
much used in analysis for separating metals oiio from the other, e.g.^ colialt from 
nickel (i. 1047 ), copper from bismuth, cadmium, &c. (p. 62);--al8o in various proccKws 
of volumetric analysis, the estimation of copper, for example (p. 48). It is used in 
medicine for the .same purpose as prussic acid ; and by phob)graphcrs for fixing prootk 
on moist collodion, and for removing stains of nitrate of silver from the hands, which 
it does by forming a soluble double cyanide of silver and potassium. This lust mode 
of employing it is, however, very dangerous, as if it comes in contact with a cut or 
scratched surfjicc, it is apt to produce painful and troublesome sores, and may even 
give rise to dangerous symptoms of poisoning. Tlie removal of silver stains may ho 
quite as well elfijcted by means of a solution of iodine in iodidi* of iK»tas.siuni. (Hce a 
paf>cr by M. Duvanne, lUpcrtoire da Chiniie appUqnky May IHCl, p. 182.) 

Cyanide of pf^tassium is extensively iwed in galvanic gilding and silvering, indeed, 
the chief consumption of it is for this purpose. 

Testing and Valuation ^ — Coininercial cyanide of potassium may contain tlie following 
impurities: Carbonate of Potassium, This salt rmmiiii.s behind when the cyanide i.s 
dissolved in hot alcohol of 30® Em. — Chloride, The salt ignited with 2 pts. of nitre 
ami 10 pts. carlxmuto of piitfissium (both free from chloride), then dissolved in wat« r 
and super-saturated with nitric acid, precipitates nitrate of silver.— ( Vmtaiued 
in the cyanide prepared by Ilodger.s’ process, and separates from the hot solution in 
laminic. If the portion of the cyanide which is soluble in alcohol of 30' Em. gives off 
t'iirboiiic acid on addition of acids, and forms a precipitate of carbonate with barium- 
salts, the presence of cyanato may Iw inferred (p. t\rrocgunfde, Prceipitati^ of 

Prussian blue with a ferric salt (which mu.st b«* quite free from ferrous salt), after sat u- 
ration with hydrocliloric acid. With sulphate of copjK*r, a prec-ipitatc which, on addition 
of hydrochloric acid, does not turn white, but red. — bormotf, T’lic salt bbickeiis on 
ignition. Also on expelling the hydi'ocyanic acid from tin* solution by a stream of tar- 
bouie. aci»l, evai>orating to dryness, exhausting with aleohul, again evajM.n’ating and 
distilling the residue with dilute sulphuric acid, formic acid passes over, and may be 
r«‘eogniseil by its {Xiw'cr of I’cducing silver and mercury-salts. — Silicute. Kesidiie of 
silica, after supcitjaturation with hydrochloric acid, evaj^oratiou to tiryne.ss, and diges- 
tion ill water. - Sulphate. I’recipitate with barium-salta after supersaturatiou with 
hyilrochloric acid.— Dirty precipitate with lea<l-salts. 

The proportion of pure cyanide of potiissiiim in a given sample maybe estimated by 
means of a standard solution of nitrate of silver. Since 1 at. cyanide of |xjtassiiini is 
required to prifipitate 1 at. silver, and 1 at. more cyanide of fwtassiiirn to redis- 
flolvo the precipitate as cyanide of silver and potassium, KAgCy^ it follows that 1 at. 
silver precipitut<ai and redissolved «'oriv.sponds to 2 at. cyanide ; or 108 pts. to 
2 X 66 s* 130 pts. cyanide of potassium. (Glussford and Napier, PliiL Mag. [3] 

XXV, 68.) 

A b!*tter method is that proposed by Pordos and G^lis (J. Phami. [3] xxiii. 48), 
defiending on the reaction of iodine on cyanide of potassium. 6 grammes of the salt 
under examination are dissolved in water, and the solution is made up with water to 
half -a litre. Of this solution 20 c. c. are introduced into a flask of about 2 litri's 
capacity, together with a litre or IJ litre of water. On tlie other hand, an alcoholic 
solution of iodine is prepared containing 40 grammes in a litre, and this standanl 
liquid is poured from a burette (divideil into cubic centimetres) into the solution of 
the cyanide, till the liquid becomes permanently yellow. The quantity of iodine re- 
quir^l to produce this effect is then road off. 264 pts. iodine correspond to 65 pts. 
cyanide of potassium. 

OTAarXSB OF PBOPTXt or TBXTTXi. C^II'N « C»II».CN.— Identicia with 
Butxbomtbilb (i. 608). 
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OF ASODZimC. Tho tricyanide, Rli*Cy*, is preci pitted iis 

line carnii no-coloured powder, on adding strong Jicetic acid to a solution or 
\o‘lii* cyanide. It dissolves in cyanide oI poUssium, and is decomposed by ignition, 
ulivini^ metallic rhodium difficult to atUick with acids. (Martins.) 

potnasio-rhodic Cyanide, K^Kh'-^Cy’^ ~ 6KCy.Rh’'Cy^ maybe prepared like the 
mmspoiiding iridium-salt (Claus, p. 323), or by igniting rhodium with ferrocyani<io 
of n*tUsium (Martius). It resembles the iridium-salt, but is distinguished thcre- 
ir'»m l»y its r<*action with acetic acid as just moutioned, the iridium-salt when treated 

ihc iiiiio manner remaining unaltered. (Claus, Martius.) 

CYAWXBBS OF aVTHBWXITM.. liutheniocyanide of Potaeeium, 
KMiu'Cy" + 3:u|., is obtained, like the iridium-salt, by fusing 1 pt. of cbloro- 
nitheiilate of ammonium with li pts. pnlvcTi.st‘d cyanide of potassium, dissolring 
tlu* fused mass in boiling water, and leaving tlie tiltnite to cool. It crystalliBes i» 
Mii.iil transparent, colourless square tables, having their edges truncated by oct^edrul 
fares. It is isomorphous witli ferrocyaiiidc of potassium, and crystallises with that 
salt iji all proportions ; consi'quently it cannot be obtained pure by fusing ruthenium or 
any of its sails with ferrocyauide of potassium. When heated with hydrochloric acid, 
it ^rives off’ prussic acid, and aftt r some time yields a deep violet- blue pm*ipitati», coii- 
si.sliiig of cyan id (! of ruthenium mixed with a small quantity of cyanide of potas- 
siuni. Tlie solution of the salt trcaiteil witli chlorine g.-is a8.siimos a brown-yellow 
colmir, quickly changing to dark green; probably a nithcuicyanide of potassium, analo- 
gous to thi^ ferricyanide, is formed, b it no cry.stalline coinpouiul is obtained. 

Tlio reactions of rutlieniocyaiiido of pota.'*siniii with metallic salts are similar to 
tl,().se of the form- and osmiocyaiiides (pp. 217, 2f)0). viz. a light violet precipitate 
witli /'(.rruiin, dark violet-blue witli /erm salt.s ; dirty red-brown with cupric salt.s ; white 
\\ilh ihcrcurom nitrate, acetate of lead, and .sulphate ol zinc ; with tetrachloride of 
tiniiia it forms a dark brown .solution. (Claus, Jahresb. f. Cheiu. 1855, p. 446.) 

U u t h t:. n i 0 ay a n i d e of II y d rog c «, 11 ‘ R' iCy''', is precipita ted by hydrochloric aeid 
:ind ('ther fn^m tlie solution of the potassium-salt, in white nacreous lamina), which 
have a strongly aeid, soniewdiat astringent taste, dissolve readily in water and in alco- 
h"l, and merely acquire a faint bluish colour wlirn exposetl to the air. (Claus.) 

Hiitlieiiium and osniiuni arc the only metals of the plalinum group whose potassio- 
cyanides are converted into hydrogen- salts in the manner just nieiitioiied. (Claus.) 

CYAK7XDXS OF BIIiVER. AgCy.— Obtained by precipitating nitrate of silver 
with a solulilo cyanide. According to Glassford ami Napier, the purest product is ob- 
tained by using as the precipitant a sol ition of cyanide of silver and potassium. 

Cyanide of silver is a white powder, insoluble in water, very slightly soluble in boil- 
ing dilate nitric acid, ('asily in ammonia. It is easily deeom})osed by hydrochloric 
and siilphydric acid.s. Heated in the dry state, it gives off’ half its cyanogen, with 
violent effervescence and a glow extending through the whole ma.ss, and leaves a 
mixtnn! of metallic silver and paracyaiiido of silver, (84*0 rAiiAOYANuor.N ; also 0 ni. 

viii. 27.) 

Cyanide of silver dissolves in the aqueous solutions of tin? cyanides of pota.ssinin, 
sodium, barium, strontium, and ealciuiu, forming double cyanides, MAgCy-, whose 
solutioihs are not precipitated, either by metallic chlorides or by caustic alkalis, hut 
arc decomposed by acids, with separation of cyaiiiile of silver. It dissolv»*8 also at tho 
Ijoiling heat, in the chlorides of potassium, siRliuin, barium, calcium, and magnesium, 
and in ferro- or ferricyanide of potassium, the solution containing crysbiliisabJe cyanide 
of .silver ami potassium. 

Amraoniocyanide of Silver, cr Cyanide of Argrntammonium, NI^Mg.f^, 
is formed on pouring a dilute solution of nitrate of silver into a hot mixture of ammo- 
nia ami prussic acid, and separates on cooling in large colourless plates, which give 
off all their ammonia when exposed to the air. (Liebig and Kedtcnbachor, Ann. 
Ch. riiann. xxxviii. 129.) 

Nitrocyanidc of Stiver, AgNO®,2AgCy, is a crystalline salt obtained by dis- 
solving recently precipitated cyanide of silver in a moderately concentrated and boil- 
ing solution of nitrate of silver. 

Cyanide of Silver and Potassiinn, AgKCy* KCy.AgCy, ciystallises in 
colourless octahedrons, hexagonal plates, and rhoinboidal prisms, the latter when 
dried at 100° C. containing J at. water (Ag^K'Cy* + aq.) (Glassford and Na- 
pier) It is permanent in the air, soluble in 8 pts. cold and 1 pt. boiling water ; di.s- 
folre.s also in boiling alcohol, and crystallisc-s therefrom on cooling (Glassford and 
Napier). According to S. Baup (Ann. Ch. Pliys. [3J liii. 462), the pure salt crys- 
tallise on cooling in plumose lamella?, and by slow evaporation in six-sided prisms 
(the rhomboidal prishis observed by Olas-sford and Napier consist of a cyanide 0/ 
silver, potassium, and sodium to be presently noticed). It requires for solution 4 pta. 



IP OF TETRYL. 

Wii^ 25 pte. alcoliol of 2o nor ('rnf. at tlie same tomperafurc‘, J( 

not iKMjome to sdnli^nt, neither jloes it stain papc^r and tlio Nkin 
like other The cyanide of silm* proeipitatt*d from the solution nitric 

ncid is Jikewit^ u^lerabte by light. 

Qvanide of isilv^ and pofassium is used for galvanic gilding. When its solution 
is sfiyected to the action of the battel^’', metallic silver is dcfx)sit<‘d at the negative 
|»ole in u compact adhering layer, whih* ;it the positive pole, where a strip of silver ij* 
placed, a quantity of the metnl is continually dissolving equal to that which is dej)ositod 
' at the other polo. The silvor-batli may bo prepared by dissolving cyanide, cliloride, 
or any other silver-salt in cyanide, ferrocyanide, or ferrioyaiiidc of potassium. 

Cyanide of Silvttr and Sodium^ NaAgCy’', obtained by saturating a solu- 
tion of cyanide of sodium with cyanide of silver, forms anhydrous laminar crystals 
y ysoliiblc at 20'’ C. in 5 pts. of water and 24 pts. alcolml of 85 per cent (Buup.) ’ 
- Cyani de of Silver^ Potassium, and Sodiitin, 2KAgOy^.NaAgOyVpystalli.ses 

from the mother-liquor of commercial cyanide of silver and potassium, the sodium being 
dorived from ,the impure potash used in the preparation of the cyanide of potassium. 

/ Itcjystallises in anhydrous rhomboidal prisms, being in fact the salt regarded by 
Gla^fdjrd and Napier us ono of tho form.s of cyanide of silver and potassium. It 
disfH^lves ill 4*4 pts. water at 15'^ C., and in 22 pts. alcohol at 17° C. 

The solution of either of the double salts above mentioned forms white precipitsdc's 
with the salts of 7nanyannif, ewe, cadmmmf iad^ and VLcrcuricuni^ greeiiisli with f rnnm 
salts, *pale red with coZ/u/^sults, bluish-w'liite wdlh tv/pm' salts, white with numrrk 
.silts, all these precipitati'S consisting of compounds of cyanide of silver wdth another 
metallic cyanide. 

OTAirXDS or sodium, NaCy, may be obtained by tlic same methods as 
cyanide of potassium, but does not form so easily. b\ and E. IIodgei*s calcim^ C fo 
10 pt.s. pnissian blue with 10 pts. dry carbonalo of sodium., and exhaust the ignited 
mass with boiling alcohol, from which the cyanide of sodium crystallises. 


CTASrzps or BTTDTD. Cyanide of CinnyL C“>1PN «= C^lI’Cy.— Obtained 
by heating iodide of styryl with an alcoholic solution of cyanide of potassium in .sealed 
tubes. On mixing the oily layer of liquid thereby produced willi wat(!r, and adding 
chloride of sodium, the cyanide of styryl separates as a ycJlowisli-oil, easily soluble in 
ether, slightly in alcohol, insoluble in wmter. When treated with potash, it gives off 
ammonia and becomes re.sini.sed, (Ramdohr, /eibsclir. Oh. Pharm. 1858, p. 11.'}.) 

CTAXrXDS or TBTBTX.. Cyamdeof niUiil. Vahronitrilr. O^JPN = C'll"(.-y 
—This body is produced by dehydrating valerateof ammonium, tPIP(NlI‘)0=^, or vuie- 
rnmidc, N.IP.CWO, with anhydrous phosphoric acid (l)unia.s, Malaguti, and Le- 
blanc, Conipt. rend xxv. 658). It was discovered, in 1816, by Sclilieper (Aim. 
( h. Pharm. lix. 15) among the products of the deeompo.si(ioii of gelatin by chromic 
arid, and has been found by Guckelbcrger {ibid. Ixiv. 72) among the products of the 
oxidation of casein. 


Preparation from Ghir.^2 pts. of glue nrehff to swell iip in 50 pts. of winter ; 15 pts. 
of sulphuric acid are added; the mixture, after cooling, is pour(‘d into a retort con- 
taining 8 pts, acid chromate of pot.is.sium, and distilled till, towaixls the end tho liciuifl, 
whicli becomes continually greener, no longer boils quietly but begins to frolb strongly. 
J he distillate thus olUamtxl-- which is white and turbid, has an ncid reaction, and 
smells strongly of hydrocyanic Rc;<l - is rectified over mercuric oxide, whidi decom- 
(Kwos the tormic acid pre.sent, with evolution of gas, .uid retains the liydi-oeyanic acid 
in the form of cvanide of mercury ; and the liquid which first passes over, mixed witli 
m y drops, is collected apart and several times fractionally rectified per sc till tho oil 
which passes over is accompanied hy only a small quantity of watery licniid- then at 
n gentle^ heat over magnesia, to retain benzoic aciil, the receiver being changed as 
t*oon as, in pl^e of a transparent colourless oil and a clear w'utery liquid, a milky 
iqiild, gradmU ly depositing oily drops, l,egin8 to pa.ss over. Tho first oil is deh ydmted 
by means of chloride of oalciuin, and slowdy distilled; the receiver changed at 116° C., 
because tlmt which posses over at 90° is chiefly valeracetonitrile, while at 110° the 
mixtuM of that body with cyanide of tetryl, and from 110° to 140° principally the 
lattordistilsover; and this last distillate is .subjected to two more distillations the 
IKirtion which dutils over between 122° and 130” la-ing collected apart in Uie former, 

™.l rr ? °';o portion fa 

pure cyamdo of tetryl. (Schlieper.) ^ 

ty>m Ca»c-in.~l pt. of casein is dissolv.al in a inixlnre of 3 pts. sulphuric acid and 

i ~ would produce valerianic acid instaid of cyanide 

ot tetiyl), the reaction W'hich ensues is moderated by fhe addition of 14 nts*^ more 
water (30 pta. m fUJ,; 4lie distillate is shaken iipund redi.siiipMl with mercuric oxide j the 
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dintillat^' thus obtained is nentraJis^ Tfriih chaJk, and i^istiUadfiiid-th^^twI^ 
tillateis subjected to repeated fractional rectifioation, 'whereby tet a 

milky distillate mixed with drops of colourless oil, and uftiittta^ tfce latter only. 
Wlien this distillate is further rectified, propylic aldide passes 120® and 

between 120® and 140® chiefly cyanide of tetryl, which may be p^fled by rep^d 
rectification, the first and last portions that pass over being set aside. (Clucael- 
berger.) 

Cyanide of tetryl is a transparent, colourless,^ very thin liijuid which refracts light 
strongly. Specific gravity 0’81 (Sehlieper);. O'filS at 15® C, (Ouckelberger). 
It lx)il8 at 125® (Schlieper); at 125® to 128® (Guckelberger). Vapour-density 

2*892 (Guckelberger). Smells like bitter almond oil and salicylous acid 
(Schlieper), and has an aromatic, burning, and bitter taste (Guckelberger). It 
makes a transient grease-spot upon paper. It dissolves in about four times its volume 
of water and mixes in all proportions wi th alcohol and ether, (Guckelberger.) 

Cyanide of tetryl when set on fire, burns wiMi a wliite luminous flame, and witliout 
smoke. In sunshine it is decomposed XYjjcUoriM or bromine, with formation of hydro- 
cliloric or hydrobromic acid (Schlieper). With strong sulphuric U(7?(^(aJ80, accord^ 
ing to Guckelberger, when distilled with dilute sulphuric acid), it is resolvecl iato^^kul- 
j)lia te of ammonia and free valeriapic acid (Schlieper): 

C»Nn» + 2H-0 = NH* + 

Nitric acid, hydrochloric acid* and ammonia have no action upop it (Schlieper), 
^Vith aqueous fixed alkalis, it is easily resolved into a valerate of the alkali-metal and 
fnio ammonia (Schlieper, Guckelberger), It is decomposed at ordinary tempe- 
raturoH Xyy potassium, into cyanide of potassium, hydrogen ga.Sj and a peculiar hydro- 
curbon. (Dumas, Malaguti, and Leblanc.) 

CTArrXBS OP TRAZiZiZirjIft Precipitiited, on cautiously adding cyanide of 
potassium to a solution of a tliallium-salt, as a wliite or light brown powder, easily 
soluble in extms of the precipitant. (Crookes, Proc. Roy. Soc. xii. 156.) 

CTANXns OP TXTAIfZITMt When the solution of crude platinum- ore in 
jiqiia-rogia is precipitated by cyanide of silver, cyanide of titanium is thrown down, 
together with the cyanide of palladium and copper. On igniting thk precipitate in a 
i'»‘toi't, cyanide [or impure chloride ?] of titanium sublimes in the form of a greyish- 
white muss, which dissolves rejidily in water, and is then precipitated wliite by am- 
monia, yellowisli-rcd by tincture of galls, and gives a white colour with tin and hydro- 
chloric acid. (Fr. W eiss and Fr, Ddbereiuer, Ann. Ch. Pliarm. xiv. 16.) 

Hitrocyanideof Titanium, TiCy*.3TPN*. — This compound, which was formerly 
regarded as metallic titanium, occurs as a furnace-product, in the form of beautiful, 
opaque, copper- coloured crystals in the Idast-fornaces in which iron is smelted, Ita 
production appears to be connected with the formation of cyanide of potassium so 
constantly observed in the iron furnaces ; a similar product is in fact obtained by 
placing a mixture of ferrocyanide of potassium and titanic acid in a well-closed cru- 
cible, and exposing it for an hour to a heat sufficient to melt nickel. The result is a 
brown unfused mass, which, under a magnifying power of 300 diameters, exhibits, 
besides particles of metallic iron, a network of short copper-coloured prisms having a 
strong metallic lustre. These crystals, when freed from irou by hydrochloric acid, 
exhibit aU the properties of the crystals found in the blast-furnaces. 

When this compound is heated to redness in a porcelain tulie, and a continuous 
current of aqueous vapour passed over it, titanic acid is formed, with evolution of 
hydrogen gas in considerable quantity (Regnault), and likewise of ammonia and 
hydrocyanic acid (W dhl e r). If the crystals are in their natural state (not pulverised), 
the titanic acid thus produced maintains the form of rounded cubes ; but these, when 
by the microscope, are found to consist of aggregates of crystals, in the form 
of pointed square-based octahedrons, having a strong lustre and exactly resembling the 
crystals of native anatase. 

The crystjds of nitrocyanide of titanium heated in diy chlorine gas, yield liquid 
chloride of titanium, and a crystalline volatile yellow sublimate, consisting of a com- 
pound of chloride of titanium with chloride of cyanogen. Mixed in the state of powder 
jnth hydrate of potassium and fused, they give ofiP ammonia and are converted into 
titanate of potassium. When the pulverised compound is heated with oxide of lead, 
(^f>pper, or mercury, a lively sparkling flame is emitted, and the oxide is reduced to the 
Metallic state. The heat evolved in this reaction is so great that even copper runs 
jnto a globule in the glass tube. (Wohler, Ann. Ch. Pliys. [3] xxix. 168: Chem. 
Soc. Qu. J. ii. 252.) . 

OTAima OT TXir. Alkaline, cyanides added to stannous salts throw down 
Btaniioas hydrate, but retain a small portion of tin in solution. Stannoos lulphid# 

VoL.II. T 
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distolTC* dlghtty i# boiling cyanM^ of potafiiium, end the oolution is pioeipitstsd 
bydrocMorio ac|i ' 

OTAinCDai «» TiKrtn. C'ffN - CH’.Cy. (SoeBorr^Biu Lem 

A compound of this body with trichloride of phosphorus, C WN.PCl*, is obtained by 
treating butyramide with pentachloride of phospho™. It is a colomess, strongly 
refracting liquid, which is decomposed by water, yielding cyanide of tntyl, hydrochloric 
acid, and phosphorous acid. (Henke, Ann. Ch. Pharm. cvi. 272.) 

' OTAiriBlIS OF TJltAJrxxnils Cyanide of potassium forms with uranic salts a 
yellow precipitate, soluble in nitric acid and in excess of cyanide of potassium. From 
umnous salts it merely precipitates uranous oxide. 

OTAJrxOB or VAVr^DZim. When hydrated vanadic oxide is digested in a 
ilose vessel with prussic acid, a dark brown gelatinous mass is produced which dissolves 
in aqueous cyanide of potassium ; but the solution, when evaporated in an open vessel, 
gives otf prussic acid and leaves vanadate of potassium. (Berzelius.) 

OYAiraia or TTTRZOM. The solution of hydrate of yttria in prussic acid 
yields on evaporation white efflorescent nodules easily soluble in water and alcohoL 
(Berlin.) 

CTAKZBE or ZIRC, ZnCy*— Zinc-salts mixed with an alkaline cyanide yield 
H white pulverulent prc'cipitato of cyanide of zinc, insoluble in water and alcohol, but 
d^y soluble in alkaline cyanides. Cyanide of zinc is bkcwise obtained by dissolving 
tbe oxide in hydrocyanic acid. C. Opporrnann (J. Pharm. [31 xxxviii. 320) prepares 
it for medical purposes, by passing vapour of hydrocyanic acid into a solution of sul- 
phate of zinc, mixed with 1 at. acetate of sodium, and slightly acidulated with acetic 
acid. The precipitate when washed is free from iron, even if it has been thrown down 
from an impure zinc-solution. 

Cyanide o f Zinc and Ammonium^ (NH^)*ZaCy^ forms colourless rhomboVdal 
prisms which effloresce in contact with the air, and smell of hydrocyanic acid and 
ammonia. It is only partially soluble in water, cyanide of zinc remaining undissolvod. 

Cyanide of Zinc and Bariumy BaZn^Cy*. Wliite powder, sparingly soluble in 
water ; precipitated on mixing the solutions of acetate of barium and cyanide of zinc 
and potassium. It generally retains a small quantity of potash. 

Cyanide of Zinc and Calcium. Moderately soluble; obtained by treating 
cyanide of zinc with cyanide of calcium. 

Cyanide of Zinc and Lead. Wliite precipitate. 

Cyanide of Zinc and Potassium, KZnCy* is obtained by dissolving cyanide 
of zinc in c^y^anidc of potassium; crystallises in large regular octahedrons, colourless, 
fusible, having a saccharine taste and alkaline reaction, permanent in the air, very 
soluble in watir. Tlio aqueous solution has a faint odour of prussic acid. Small 
quantities of hydrochloric, sulphuric, or acetic acid precipitate the cyanide of zinc, but 
larger quantities of acid redissolve it. (L. Gmelin, Uandh. vii. 424.) 

Cyanide of Zinc and Na'*Zn*Cy* + 5aq. — Shining scales, which give 

off their water at 200*^ C. 

CYAynr. AntJiokyan. (Clamor Marquart, Die Farben der Blilthen.BoTkUt 
1835.— Freray and Cloez, J. Pharm. [3] xxv. 249. — ^Filhol, Compt. rend, xxxix. 
194. — Martens, Jahresb. f. Choiu. 1855, 687.)— This name is applied to the blue 
colouring matter of flowers, which is perliaps identical with that of certain berries, 
root^ tubew, &c. It is contained in the blue petals of corn-flowers, violets, and several 
snecios of iris (/. pumila and /. germanica\ and, according to Marquart, also in red, 
blue, and black flowers. To extract it, the petals are exhausted with alcohol ; the 
liquid is evaporated to dryness; tlie residue treated with water, which separates a fatt^ 
or resinous substance, and dissolves the colouring matter ; the aqueous solution is preci- 
pitated with acetate of lead ; the green precipitate is washed, suspended in a la^e quan- 
tity of water, and decomposed by sulphydnc acid ; the filtrate is careMly evaporated 
oyer the water-bath ; the i*esidue treated with absolute alcohol ; and the alcoholic solu- 
tion mixed with ether, which precipitates the cyanin in blue flocks. (Frimy and 
Cloez.) 

Cvanin time prepared is a blue uucrystallisable mass, soluble in water and alcohol, 
insoluble in ether. It is decolorised by reducing agents, such as sulphurous acid, 
phosphorous acid, and alcohol, but recovers its blue colour when exposed to the air. 
It is instantly coloured red by acids, green by alkalis. With bases, such as lim^ 
baryta, and oxide of lead, it forms green insoluble compounds. 

Bod flowers are said also 1 o owe their colour to the presence of cyanin reddened by 
a free acid. This supposition may account for the fact that many flowers, of the bo*s^ 
(lod mallow tribeSi for example, which are red in the bud, turn blue when . 
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and green ae they fade, the change being due to th» disappearance of the iSree acid, 
or to Uie formation of ammonia resulting from the decomposition of a nitrogenous 

reaction of cyanin with acids and alkalis renders it useful for the preparation 
of test-paper and tinctures; the alcoholic extract of the petals of Iria germanioa or 
I pumUa 18 Tery well adapted for the purpose. 

The term cyanin is also applied to a blue dye, which, according to G. Williams 
(Dingl. polyt J. clix. 330 and 399), is prepared from chinoline with iodide of amyl, 
and used in calico-printing. The colour is fugitive. 

CTAVZTB. See Ktanite. 

CYAJTOCHaOMB. A sulphate of copper and potassium, Cu"'K*(SO^)* + 6a»]., 
fomid, together with other salts, as a deposit on the lava of Vesuvius thrown out in 
tho eruption of 1856. (Scacchi, Sill. Am. J. [^] xxii. 252.) 

CTAKOZ'ORXMI r A mixture of cyanide of mercury and dehydrated acetate of 
calcium yields by dry distillation a yellow liquid smelling of prussic acid, and, accord- 
ing to Bonnet (Gm. vii. 147), containing cyanoform, CHCy*, an analogue of chloro- 
form. Bonnet, however, did not analyse the compound, and Nachbaur (Ann. Ch. 
Phirm. cx 303), has shown that the liquid in question contains, together with cyanide 
of nn tliyl, acetone, and prussic acid, a base having the composition of dicyanhex- 
iM c t h y i d i a m i n o, = N^(CH*)‘‘.Cy’. (See Methyi amines.) v “ 

CYAirOGBlV. CN (or (J^K) » Cy.— This body, which exists, or may bo supposed 
to t'xist, ill a great number of compounds, the cyanides, cyanates, cyannrates, &c., was 
tir=:t c>!'tamed in the free st^vto by Gay-Lussac in 1815, and afforded the first instance 
of flu' isolation of a compound radicle. Many of its compounds had been known long 
hefon', [inissian hkio having been discovered by^ Diesbach and Dippel in 1704, ferro- 
cyanide of potassium by Macquer about the middle of the eighteenth century, and 
prussic acid by Scheele in 1782. The name cyanogen is derived from KCavos (blue) 
and ytv. 

'J’he modes of formation of cyanogen-compounds have already been mentioned 
(p. 198). Cyanogen is obtained in the free state by the action of heat on the cyanides 
of mercury, silv(?r, and gold, or by the dr^r distillation of oxamide, C*H^N*0* or oxa- 
late of ammonium, C2(NTL)20^ differing, in fact, from tho former of these bodies only 
by 2II‘*'0, and from tho latter by 4l£'‘^0 

- 2H20 « CW; and C’*(NH«)20« - 4H*0 - C*N* 

Preparation . — Dry cyanide of mercury is heated to low redness in a glass tube or 
small iv'tort, and the cyanogen, which is evolved as gas, is collected over mercury. The 
Tncrcury separated from the cyanogen volatilises and condenses in the colder part of the 
apparatus. A small portion of the cyanogen is converted into the isomeric compound 
paracf/anogcn {q. v,)^ and remains in the form of a brown loosely coherent mass. If 
the cyanide of mercury is moist, a largo portion of the cyanogen is decomposed, with 
formation of ammonia, carbonic acid, and hydrocyanic acid. 

The gas may likewise bo obtained by heating in a retort an intimate mixture of 
2 pts. (1 at.) of perfectly dried ferrocyanide of potassium, K^Fe*Cy®, and 3 pts. (2 at.) 
of mercuric chloride : 

K^FeCy* + 2Hg''Cl* - 4KC1 + FeCy* + Hg* + Cy*. 

Cyanogen is then evolved, mixed with vapour of mercury, and there remains a dark- 
coloured mixture of chloride of potassium and cyanide of iron. (Kemp, Phil. Mag. 

[3] xxii.) ^ 

Properties.^ — Cyanogen is a colourless gas, having a pungent odour veiy much like that 
of prussic acid. Its density, as determined by experiment, is 1*8064. Hence, as the 
molecular weight representi^ by the formula CN is 26 x 0*0693 — 1*802, it follows 
that, if the molecule of cyanogen occupies 2 volumes, like that of compound gases in 
ge^ral, it must be represented by the formula C*N* — Cy*. 

Cyanogen condenses to a liquid under a pressure of about four atmospheres at mean 
temperatures (H. Davy and Faraday, Pnil. Trans. 1823, p. 196), or by emposure to 
a temperature of —36® or -40® 0. under the ordinary atmospheric pressure (Bunsen, 
Ann. xlvi. 101). A convenient mode of preparing liquid cyanogen » to heat 
of mercury in the longer arm of a strong tube, bent and sealed ; the cyano- 
gen then condenses in the shorter arm, which should be kept cold. 

-Liquid cyanogen is transparent, colourless, and very mobile (H. Davy and Faraday), 
p^fle gravity at 17*2®»=0*866 (Faraday), Refracting power* 1*316 (Brewster), 
t does not conduct the electricity generated by a battery of 300 pairs. (Kemp.) 

Liquid f^auogen freezes at a few degrees below — 36®C., fbrming a rodiatea icy 

T 2 
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mass (Bnnsen). Frozen cyanogen is transparent, crystalline, apparently of the same 
densi^ as the Jiquid, and melts at -34-40 (Faraday, N. Bibl. Univ. lix. 162) : 

Tension of Cyanogen expressed in Atmospheres. 


According to Faraday. According to Bttnsen. 


At. 

Atm. 

At. 

Atm. 

At. 

Atm. 

At. 

Atm. 

At. 

Atm. 

- 12*2® C. 

1*63 

+6*9®a 

3*00 

-h 21*1® a 

4*60 

-20*7®C. 

.100 

0®a 2*7 

6*7 

1*89 

8*9 

3*17 

23*3 

4*79 

20 

1*06 

+ 6 

3*2 

2-8 

2*20 

10-0 

3*28 

34*2 

6*50 

16 

1*46 

10 

3*8 

0 

2*37 

IIT 

3*36 

36*0 

6*64 

10 

1*85 

16 

4*4 

3-6 

2*72 

17-2 

4*00 

39*4 

7-50 

6 

2*30 

20 

6*0 


According to Niemann, tlio tension at 12*6 is equal to 4 atmospheres. 

A mixture of equal parts of solid and liquid cyanogen (therefore at —34*4® C.) does 
nut exert a tension equal to the atmospheric pressure. When cyanogen evaporates 
into tho air, «n effect which takes place quietly on opening the containing vessel, the 
reuiaining portion does not freeze. (Faraday.) 

Dcoonipoaitions.—l. Cyanogen gas is not decomposed by passing thropgh a red-hot 
tube. —2. When f hctrlc sparks are repeatedly passed through the gas, chareoal is de- 
posited, and a volume of nitrogen set free equal to that of tlie gas. By the electric arc, 
this decomposition is effected in fifteen minutes at a temperature of 30® to 40® C. If the 
gas is moist, curljonic acid, carbonic oxide, and hydrogen are produced.— 3. When set 
en tire in the air, it burns with a peach -blos.som -coloured flame, producing carbonic 
anhydride uiul nitrogen. — 4. Cyanogen mixed with excess of oxygen and set on fire by 
the electric spark, explodes violently, 1 vol. cyanogen consuming 2 vol. oxygen, and 
forming 2 vol. carbonic anhj'dride and 1 vol. nitrogen, so that the volume of the gas 
remains unaltered. The combustion of ii mixture of cyanogen and oxygen is likewise 
induced by hot spongy jdalinum (Wohler). 6, Chlorine does not act on cyanogen, 
oven in sunshine, if both gase.s are perfectly dry; but if moisture is present, an oily 
body is formed, often mixed witli a solid substaiice having an aromatic odour, and 
sparingly soluble in alcohol and ether. — 6. Hypochloroits anhydride slowly decomposes 
cyanogen, forming carbonic anliydride, chlorine, nitrogim, and gaseous chloride of 
cyanogen. Aqueous hypochlorous add in contact with cyanogen gives off the same 
four gases, with effervescence, the liquid afterwards containing hydrochloric and cyanin 
acids, and being covered witli an pily mixture of chloride of cyanogen and chloride 
of nitrogen (Bulard). — 7. Cyanogen in contact with manganic. s%dphafte^\sr^so\^o^ 
into carbonic anhydride and nitrogen (Berzelius). — 8. When cyanogen is passed 
over red-hot metallic «>ow, the mettil takes up carbon and becomes brittle, a coating of 
carbon is deposited upon it, and nitrogen is set free. 

The solution of cyanogen in water, alcohol, or ether assumes a brown colour after a 
while, and deposits a dark brown powder called azulmic acid (i. 480), which, accord- 
ing to Pelouze and Richardson (Ann. Ch. Phnrm. xxvi. 63), has the composition 
C*N*H*0^:tliat is to say, cyanogen together with the elements of water. The aqueous 
■olution then contains cyanide, carbonate, and oxalate , of ammoaium, together with 
urea (Wohler, Pogg. Ann. xv, 627). One part of the cyanogen takes up the elements 
of water and forms oxalate of ammonium: 

2CN + 411*0 = C*(NII<)*0<; 

while another portion is in like manner converted into cyanic and hydrocyanic acids : 

2CN + H*0 = CNHO + CNH. 

The cyanic acid is immediately resolved into carbonic acid and ammonia fp. 191)» 
which latter unites with another portion of the cyanic acid, forming urea (p. 193)- 
This transformation of cyanogen is prevented by the presence of acids. If the water 
contains aldehyde, even in small quantity only, the cyanogen is converted into oxamide 
(C*N* -f 2H*0) without formation of a brown deposit. (Liebig.) 

Cyanogen is absorbed by potash-sohition, also by red-hot carbonate of potassium^ 
forming cyanide and cyanate of potassium, the latter being quickly resolved in the 
solution into ammonia and carbonate of potassium. Cyanogen is abundantly absorbed 
by am/tnonta, the solution soon turning brown and yielding the same products that are 
formed in the decomposition of cyanogen by water. 

. Condnnations. — Cyanogen combines directly with potassium under the influence of 
heaL It also unites directly with s\dphydric acid gas, in presence of water, and ^th 
certmn organic bases, ss phenylamine, hmzylamine,eodeiiM, &c. bromide, chloride 
Md iodide of cyanogen, are formed by decomposing cyanides with bromine^ eMorine, or 
iodine. The modes of formation of other cyanogen-compounds have already been 
given (p, 198). 
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cn^oiusm, ACWftATM OT, w Cyanaie of Acetyl, CffNC* — «» 

Carbacetamde K (Schiitzenberger, Ann. Ch. Pharm. exiiii. 271.)— When 

cyanate of silver is treated with chloride of acetyl in a cooled vessel, a dry pulverulent 
mass is formed containing acetate of cyanogen. On heating this mass to about 100° 
C., ciirbonic anhydride is evolved, and a colourless very pungent liquid distillate passes 
over, boiling at 80° to 85°, and at higher temperatures an oily liquid, which solidifies 
to a mass of white needles. 

The volatile liquid is a mixture of liquid acetate of cyanogen with cyanide of 
methyl, resulting from a decomposition of the former (C"H*Nd* == CO’* + C'-'IPN). 
Water decomposes it, yielding carbonic anhydride and acetamide ; a reaction whicJi 
seems to indicate that the compound is really carbacotamide : 

N Icwo + h[o = (coyo + Njc«;o. 

The white crystalline mass exhibits the composition of diacetamide, the formation 
of which is attributed by Schiitzenberger to the action of the acetate of cyanogen on 
acetic acid resulting from. a secondary decomposition: 

Wlien acetate of silver is heated with iodide of cyanogen, iodide of silver is formed 
togi'thcr with an explosive compound. (Schiitzenberger, Ann. Ch. Pharm. cxx. 
IIS). 

CTAirOOlllffc 8SNZOAT8 OPf Wlien the product obtained by the action 
of chloride of benzoyl on cyanate of silver or cyanate of lead is heated, carbonic anhy- 
dride is evolved, and cyanide of phenyl passes over, prcxhiccd apparently by th« 
decomposition of benzoate of cyanogen ; C^H*(CN)0* * CO^* + C’H^N. (Schiitzen- 
berger.) 

CYA800BW, BHOMXDS Ol-. GNBr « CyBr. Discovered and examined by 
Soriillas in 18*27 (Ann. Ch. Phys. [2] xxxiv. 100; xxxv. 291, 315), further ex- 
amined hy Low {Das Brom und seine cJtcmisehen Verhdltnisse, Heidelberg, 1829, 
p. 69). It is prodneed by the action of bromine on cyanide of mercury, cyanide of 
['otiissiuin, or aqueous hydrocyanic acid. 

l*t'( pnration. — 1. When 1 pt. of bromine is poured ii)M)n 2 pts. of cyanide of mercury 
cmlaiiu'd in a tubulated retort or glass tube closed at the bottom and surrounded 
with ice, bromide of mercury and bromide of cyanogen are formed, with groat evolution 
of heat. The bromide of cyanogen sublimes in needles, contaminated at first witli 
liroiiiiiie, but ultimately the bromine flows ba<*k and miters completely into com- 
bination. Gentle heat is tluui applied, and the bnimide. of cyanogen sublimed into a 
nyeiver connected with the retort and sumninded with ice (Serullas). — 2. Aqueous 
Ipvtlrocyaiiie acid is placed in a vessel surrounded with a trigorilic mixture, and bromine 
avldcJ — in veiy small portions to prevent the temjieratiire from rising too high ~ till 
tile solution begins to assume a reddish tinge ; the liquid, which is in process of sol idi- 
Hcation from the acicnlar crystallisation of the bromide of cyanogen, is then either 
ex|.rossed between blotting paper at a temperature below 0° C., or it is gently heated 
to dnyo off the bromide of cyanogen in vapour, aqueous hydroliromic acid then 
remaining behind (Lowig). — 3. Bromine and water are placed in a tube kept very cold, 
and cyanide of mercury and hydrochloric acid added till the rod colour disappears ; the 
open end of the tube is then drawn- out to a narrow neck, which is sealed up, and the 
lower part of the tube is immersed in warm water, so that the bromide of cyanogen 
niay subKme into the upper part (Mitscherlich, fjfkrhuch der CAcinie). — 4. When 
bromine is a<ided to an aqueous solution of cyanide of potassiuiii cooled to 0° C., 
opstals of bromide of cyanogen immediately separate. Wlien the reaction is complete, 
these crystals may be separated from the solution of bromide of potassium by heating 
the liquid to 60-65° C. (Langlois, Ann. Ch. Phys. [3J Ixi. 482.) 

/Vdpfrfe.— Bromide of cyanogen sublimes, at the first moment of its formation, in 
long delicate needles, which afterwards chaise to small transparent and colourless 
cubes (Serullas). — It melts at + 4° C. (Lowig), above -r 16° (Serullas), not 
(Bine an). Vapour-density = 3*607 (Bineau, Ann. Ch. Phys. [21 Ixviii. 
4-6), by calculation (2 vols.) = 3*6745. Its boiling point is lower than that of iodide 
of cyanogen, and it volatilises even at 16° C. (Serullas). Its vapour has a very 
pungent odour; it excites a copious flow of tears, and is dangerous to inhale 
(oerullas); its taste is extremely biting (Lowig). One grain dissolved in water 
ana poured into the cesophagus of a rabbit, kills it instantly (Serullus), It immediately 



decoloruea litmuB and tnrmeric paper, and does not redden litmus even wHen diasolre 
in water (Ldwig). It is very soluble in water and alooholf and fotms a mystallin 
hydrate which is less fusible than the anhydrous compound. 

Dceompontions, — 1. Aqueous evtl'phuroua acid forms with bromide of cyanogen 
sulphuric, hydrobromic, and hydrocyanic acids. — 2. Aqueous potash fbrms cyanide 
bromide, and bromate of potassium (Serullas, Ldwig). On adding to a saturate( 
solution of bromide of cyanogen, first potash and then an acid, carbonic anhydride ii 
evolved, and the liquid is afterwards found to contain ammonia (Serullas). — Z. Tin 
aqueous solution mixed, first with ferrous svlphate^ then with potash, and then with ai 
acid, yields a green precipitate (Serullas); but if the potash be added first, then th( 
ferrous sulphate, and then the acid, no predpitiite is obtained (Serullas). — 4. Th( 
aqueous solution of bromide of cyanogen, slowly evaporated to diyness, leaves hydro 
bromate of ammonia (Ldwig). In this case carbonic anhydride should also be pro 
duced: CNlir + 2ir^O = CO‘^+ NH^Br. — 6. Bromide of cyanogen gently hoato( 
with phosphorusy evaporates for the most part undecomposed ; nevertheless, a smal 
qliuntity of bromide of phosphorus is formed. Antimony ^ heated in vapour of bromidi 
of cyanogen, yields cyanogen gas and bromide of antimony. Mercury decomposes thi 
saturated aqueous solution, yielding cyanogen and bromide of mercury. (Ldwig.) 

Bromide of cyanogen dissolves without decomposition in strong stdphuriCy hydro 
chioriCy and nitric acids. It absorbs ammonia-gaSy forming a mixture of bromide o 
ammonium and cyanamide (p. 188), which was regarded by Bineau as an ammonio 
bromide of cyanogen. 

CTAKOttSir, CBXiORZBB OP. Three chlorides of cyanogen ore kno'WTi 
isomeric with each other, and having molecular weiglits in the proportion of 1 : 2 : 3 
The first is gaseous at ordinary temperatures, the second liquid, and the third a crys 
talline solid. 

Gaseous Chloride of CyanoysUy CNCl = CyCl.— This compound was firs 
observed by Berthollet (Ann. Chim. i. 3d), who, however, regarded it as oxidiset 
prussic acid. Gay-Lussac (Ann. Chim. xc. 200) ascertained its true nature am 
examined it more fully; and it has been further investigated by Serullas (Ann. Cb 
Phys. [2] XXXV. 291, 337 ; Pogg. Ann. xxi. 4*95), Wohler (Ann. Ch. Pharm. Ixxiii 
219), Cahours and Cloez {ibid. xc. 97), Cloez {ibid, cii. 364), Klein {ibid. Ixxiv 
86), Martins {ibid. cix. 79), and Langlois (Ann. Ch. Phys. [3] Ixi. 481). 

Gaseous chloride of ^ cyanogen is obtained by passing chlorine into aqueous prussi 
acid, or by leaving moist cyanide of mercury in contact with chlorine in a dark place 
The former was the method by which Gay-Lussac obtained the gas, mixed, however 
with carbonic acid ; the latter method is now always adopted for preparing the gas ii 
the pure state. 

BrepartUion . — Cyanide of mercury moistened with water, but not dissolved in it, i 
introduced into bottles of a capacity not exceeding 3 litres, well closed with glas 
■toppers, and filled with chlorine gas, the proportion of cyanide of mercury being abou 
6 grammes to each litre of ddorine ; the bottles are left for 24 hours in the dark, lil 
in feet the chlorine has^ lost its yellow colour; then cooled by immersion in a mixtur 
of ice and salt, producing a temperature at least as low as - 18° C., till the gaseoui 
chloride of cyanogen solidifies in c^stals. 100 grammes of water are then poured iiit* 
each bottle ; the resulting solution is poured from all the bottles into a long-necked flask 
which it must nearlv fill ; and this flask is connected by a bent tube with a two-mouthe< 
bottle con^ning chloride of calcium, so that the gaseous chloride of cyanogen ma^ 
pass from its second mouth through a second bent tube into a bottle surrounded will 
a freezing mixture. H now the aqueous solution in the flask bo warmed, the chloridi 
of cyanogen ^ collects in the crystalline form in tlie last bottle, which must then b( 
closed very tight with a glass stopper. At ordinary temperatures, the crystals in th< 
bottle melt, and are converted into gas. It' however, a small quantity of water b( 
introduced into the bottle while it is immersed in the freezing mixture, and it be thei 
taken out, still well closed, two layers are found in it, the upper of which is an aqueoui 
solution of chloride of cyanogen, and the lower probably a hydrate of that compound 
(Serullas). If the vessels are exposed to light, or if the temperature is allowed t( 

chloride of cyanogen is decomposed. 

WohlCT passes chlorine into a saturated solution of cyanide of mercury to which ai 
excess of the salt in fine powder has been added, continuing the pans^e of the gas til 
the soluUon is completely saturated, and the upper part of the vessri filled with th( 
ga^* The vessel is then closed and left in the dark, till, after repeated agitation, th< 
whole of the chlorine is absorbed, or the whole of the cyanide of mercuiy dissolved 
To remove any remaining excess of chlorine, the solution is shaken up with mercury 
It M then heated in a flask, which is <^nnected with a cliloride of camium tube and t 
gaseous chloride of cyanogen is condensed as in the proccsi 



and doe* saturate 100 grm. cyanide of mercury and 4 litres of water, con- 
tained in a flask capable of hol<Hng 6 litres, with chlorine gas at 0®C. Hydrate of 
chlorine is then formed, which, in the eouKje of 24 hours, is completely transformed, 
hy the cyanide of mercuiy, into chloride of mercury and chloride of cyanogen, the 
latter remaining dissolved. The solution is slightly heated, and the gas thereby 
evolved, which generally contains a little free chlorine, is passed first over copper- 
turnings. and then over chloride of calcium. 

According to Langlois, giiseous chloride of cyanogen is produced by the action of 
chlorine on a solution of cyanide of potassium cooled to 0® C., and is given off as gas, 
partly at that tem^rature, partly when the action is ended, and the solution is heated 
to 40° or 50® C. If the solution of cyanide of jmtassium is not cooled, its temperature 
easily rises to 80® or 90® C,, and then other products are formed. 

The extremely poisonous action of the gaseous cliloride of cyanogen renders it neces- 
sary, in all these processes, to take the greatest care to prevent its escape into the air 
and consequent inhalation. For this reason, a freezing mixt are made with chloride of 
calcium is preferable to the ordinary mixture of ice and salt. 

Properties. — Chloride of cyanogen is, at ordinary temperatures, a colourless poisonous 
cas, liaving an intolerable odour, and exciting a copious flow of tears. Its spcciflo 
gravity is 2*124 (by calculation for 2 vol., 2*128). At — 12° to — 16® C.. or at 0® C. 
under a pressure of four atmospheres, it condenses to a colourless liquid, which may be 
preserved in sealed tubes. At — 18® C. it crystallises in long transparent prisms. The 
gas, when kept in sealed tubes, is gradually converted into solid chloride of evanogen, 
Cy'^Cll 

Water at 20® C. dissolves 25 times its volume of gaseous chloride of cyanogen, ether 
50 times, alcohol 100 times. When a small quantity of water is introduced into a 
bottle containing chloride of cyanogen and standing in a freezing mixture, two layers 
of liquid are formed, the upper consisting of an aqueous solution of cliloride of cyanogen, 
the lower probably of a hydrate of that compound. The solutions of chloride of cya- 
nogen, if free from hydrochloric acid, neither redden litmus nor precipitate solution of 
nit rate of silver. Tlie aqueous solution appears to undergo gradual decomposition. 

Potassium heated in gaseous chloride of cyanogen forms chloride and cyanide of 
potassium. Antimony heated in the gas forms chloride of antimony and liberates 
^ vol. cyanogen. With alkalis^ chloride of cyanogen forms a chloride and a cyanate : 

CyCl + K*0 =. KCl + CyKO. 

When the aqueous solution of chloride of cyanogen is mixed, first with ferrous sul- 
phate^ then with potash, and then with an acid, a green precipitate is formed; but if 
the potash is added first, then the ferrous sulphate, and tnen the acid, no precipitation 
takes place. (Gay-Lussac, Serullas.) 

Chloride of cyanogen mixed with ammonia^gas forms a mixture of sal-ammoniac and 
cyaniimide (mistaken by Bineau for ammonio-chloride of cyanogen, p. 188). It acts 
in a similar manner on other volatile bases ; with ethylanmu\ for example, it forma 
cyanethylamide. The alcoholic solution of chloride of cyanogen changes after somo 
days into a mixture of hydrochloric acid or chloride of ammonium with car- 
bonate and carbamate of ethyl. Similar products are obtained with mcthylic and 
amylic alcohols {yf xxvXz). With a solution of ethylate, of sodium in absolute alcohol, 
chloride of cyanogen forms chloride of sodium and cyanetholine (p. 189). 

Chloride of cyanogen unites in definite proportions wifh certain other chlorides. 

Chloride of Cyanogen and Antimony., SbCP.CyCl. — When gaseous cliloride of cya- 
nogen is passed over pentachlorido of antimony, the latter becomes slightly heated, 
turbid, and graduallv filled with delicate crystals. After satm*ation the compound 
forms a wliite crystalline mass. When heated, only a portion of it sublimes undecom- 
posed, the greater part giving up its cliloride of cyanegen. Water decomposes it 
instantly. It absorbs ammonia, with rise of temperature, forming a yellow pulverulent 
body. (L. Klein, Ann. Ch. Pharm. Ixxiv. 87.) 

Chloride of Cyanogen and Boron^ BCP.CyCl. — Liquid chloride of boron absorbs dry 
chloride of cyanogen, with great evolution of heat, and forms a white loose crystalline 
niass. If the saturation is not quite complete, the compound separates gradually in 
small colourless prisms. It smells of chloride of cyanogen, fumes in damp air, and is 
decomposed by water, with rise of temperature, in^o boric acid, hydrochloric acid, and 
gaseous chloride of (^anogen. It acts in like manner on absolute alcohol. It sub- 
limes with partial decomposition when strongly lieated, leaving a white substance. 
(Martins.) 

Chloride of Cyanogen and Iron^ Fe*Cl*.2CyCl. — Sublimed sesquichlorido of iron 
absorbs gaseous chloride of cyanogen, with evolution of heat, fusing with it into a black 
*nftS8 ; the compound was not, however, obtained in a complete state of saturation. 
When heat(Ml it fuses, swells up, and gives off gaseous chloride of cyanogen ; it is re- 
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markable, ho^rever, that this decomposition likewise yields solid chloride of cyano^ 
sublimed in crystals. (Klein^ ^ 

Chtofide of Opanogtn and i^taniuMy TiCl\CyCl. — G^eous chloride of cvanoffen 
acts instantly, and with great evolution of heat, on tetrachloride oS titanium, conver^i? 
it into a bulky, yellow, crystalline mass, which must be shaken up and heated gently” 
in order that it may be completely saturated with the chloride of cyanogen. 

Lemon-yellow, very volatile ; begins to volatilise considerably below 100°, subhminff 
in clear lemon-yellow crystals which appear to be rliombic octahedrons. It fumes 
very strongly in damp air, quickly becoming milk-white, and exhaling the odiur of 
chloride of cyanogen. Water dissolves it, with great rise of temperature and evolution 
of cliloride of cyanogen, forming a clear solution. It dissolves without alteration in 
warm tetrachloride of titanium, separating out again in crystals on cooling. It absorbs 
ammonia, with great rise of temperature, forming with it an orange-rod compound, which 
also turns white in moist air, and is decomposed by water, with partial separation of 
titanic anhydride. (Wohler.) 

Chloride of C^anotjm with Cyanide of Ethyl, CyCl.C®H*N. — Biy gaseous chloride 
of cyanogen is rapidly absorbed by cyanide of ethyl, producing a colourless liquid 
which boils between 60® and 68® C., and exerts an intensely irritating action on the 
eyes and the respiratory organs. It is decomposed, with rise of temperature, by water, 
and decomposes spontaneously wlien left for several days, the whole of the chloride of 
cyanogen being separated as solid chloride of cyanogen, Cy^CK (Henke, Ann. Cli, 
Pharm. cvi. 289). [For the compound of chloride of cyanogen witli cyanide of hydro- 
gen, sec btdow.] 

2. Liquid Chloride of Cyanogen, = Cy*CP. — This compound, dis- 

covered by Wurtz (Ann. Ch. Pharm. Ixiv. 308; Ixxix. 280), is prepared by slowly 
passing chlorine gas into hydrocyanic acid, cooled to 0° C. in a retort connected with 
a cooled receiver, as long as the gals continues to be absorbed The liquid in the retort 
then separates into two layers, the lighter consisting of hydrocyanate of chloride of 
cyanogen, Cy‘‘‘CP.HCy, part of which is generally carried over into the receiver. From 
this compound the liquid chloride of cyanogen may be obtained, by mixing it, after 
ffcparation from the heavier licjuid, with ico-cohl water, and treating it with mercuric 
oxide, which decomposes the hydrocyanic acid, c;ire being taken to cool the vessel w<^ll, 
as otherwise the mercuric oxide may bo reduced Chloride of calcium is then added, 
the liquid distilled, and the vapour pas.sed through a tube containing chloride of 
calcium into a flask cooled to 0® C. The chloride of cyanogen then condenses in the 
form of a very mobile colourless liquid, having an extremely pungent and exciting 
odour, and heavier than water, in which it is slightly soluble. 

^quid chloride of Cyanogen solidifies in the cirstallme forin at 5® or 6® C., and 
boils at 15-6® C. Its vapour is not inflammable. When pure, it may be kept for years 
in sealed tubes without passing into the state of solid chloride of cyanogen. If, on the 
contrary, chlorine in excess be passed into dilute prussic acid, and the liquid which 
separates be distilled without previous wasliing ana treatment with mercuric oxide, an 
impure product is obtained which changes into solid cliloride of cyanogen in the course 
of twenty-four hours. The same transformation takes place also in twenty-four horn’s, 
in chloride^ of cyanogen prepared by the action of clilorine on dry cyanide of mercury ; 
after washing, however, it no longer exhibits this property. (Wurtz.) 

Ammonia-gas converts liquid chloride of cyanogen into cyanumide and sal-ain- 
xnoniac. 

Hydrocyanate of Chloride of Cyanogen, Cy^CP.UCy.— Obtained by the action of 
chlorine on aqueous hydrocyanic acid in the manner above described. It is a colour- 
less liquid, smelling strongly of chloride of cyanogen, inflammable, and burning in the 
air with a violet flame. It boils at about 20® C., and solidities perfectly in a mixture 
of ether and solid carbonic acid. In the pure state it may be kept for years without 
colouring or depositing crystals. It is perceptibly soluble in water; but a large 
quantity^ of water decomposes it, abstractiiig the hydrocyanic acid. In an atmosphere 
of chlorine it changes in about twenty-four hours into solid chloride of cyanogen. 
Bromine converts it into a semi-solid mass, which, when moderately warmed, gives off 
bromide of cyanogen, and at a higher temperature yields solid Chloride of cyanogen. 
Mercuric oxide abstracts the hydrocyanic acid, and Converts the compound into liquid 
chlori<le of cyanogen. (Wurtz, loc, cit.) 

3. Solid Chloride of Cyanogen, « Cy»Cl*. —This compound was dis- 

cover^ in 1827 by Serullas (Ann. Ch. Phys. [2] xxxv. 291, 337), who regatdCd it 
M a bichloride of cyanogen; its true composition was demonstrated by Liebig (Ppgg- 
Ann. XX. 369 ; xxxiv. 604). It is produced : 1. By the spontaneous transformation of 
gaseous chloride of cyanogen and of the impure liquid chloride. — 2. By tie action of 
excess of chlorine in sunshine on ^hydrous prussic acid or on moist cyanide of mercury, 
by which reactions it Was indeed first obtained by Serullas.— 3. By heating diy sulpho- 
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cranate of potassium in chlorine gas (Liobig).— 4. By the action of pentachlorida 
of phosphorus on dry cyanuric acid (Beilstoin, Ann. Ch. Pharm, cxvl 367) : 

CfE*0* + 3PCP » Cy«Cl» + aPOCP + 3HC1. 

Preparation,^!. Chlorine in excess is passed into dilute hydrocyanic acid, and the 
liquid which separates (p. 280) is distilled without previous purification. The liquid 
chloride of cyanogen whidi passes over soon changes into the solid modification 
(Wurtz). This is one of the easiest modes of preparation. 

^ 2. A bottle of 1 litre capacity is filled with dry chlorine gas ; 0 82 grm. of prussic acid, 
prepared by Gay-Lussac’s method, introduced into it ; and tlie closed bottle exposed 
t^) the sun for one to throe days, whereupon the hydrocyanic acid evaporates, the 
chlorine gas is decolorised, and a transparent colourless liquid formed, which runs 
down the sides of the vessel, and soon solidifies in white crystals of solid chloride of 
cyanogen. The hydrochloric acid gas, together with any volatile chloride of cyanogen 
that may be present, is then blown out of the bottle with a pair of bellows ; a small 
quantity of water and a few pieces of glass are introduced, in order to detach the crys- 
tallised solid chloride of cyanogen from the aides of the vessel by agitation ; the whole 
is poured into a basin ; the pieces of glass are taken out ; the solid chloride of cyanogen 
is eoinminuted with a glass rod, and repeatedly washed on a filter with a small quantity 
of col<l water, till the liquid which rune away no longer forms a cloud with nitrate of 
silver * ; the solid cldoride of cyanogen is pressed between bibulous paper, till it is 
converted into a dry wliite powder ; and this powder is purified by one or two distil- 
l}iti<)ns from a small retort, whence it passes in the form of a transparent colourless 
liquid into a receiver cooled with wet linen, and there solidifies* (Serullas.) 

3 . When diy cyanogen gas is piissed over heated sulphocyanate of potassium, solid 
chloride of cyanogen 4 )artly sublimes in needles, partly distils over dissolved in chloride 
of sulphur. The needles are purified from adhering chloride of sulphur by a second 
sublimation in a vessel through which a continuous stream of chlorine gas is passed. 
The chloride of sulphur which passes over, leaves when evaporated an additional 
quantity of crystals of solid chloride of cyanogen, together with a yellow liquid having 
a high boiling point. From this residue, the chloride of cyanogen is separated by 
Biiblitnatiou in a stream of chlorine gas, the yellow liquid tlien remaining behini 
(hiebig.) 

4. Perfectly dry cyanuric acid is well mixed with about six times its weight of pen*- 
tacliloride of phos[)horus ; tho mixture is distilled ; the distillate, consisting of oxychlo- 
rid(5 of phosphorus holding solid chloride of cyanogen in solution, is treated with 
water to decompose the oxyclilorido ; and the solid chloride of cyanogen which then 
separates is washed with water and crystallised from ether. This method yields a per- 
fectly pure product. To ensure success, however, the quantity of cyanuric acid operated 
iJltTJii must he somewhat considerable. The decomposition may also be effected in 
Scaled tubes at 150“^ — C. ; but this method is less convenient. (Bcilsteini^) 

— Shilling white needles of speeific gravity about 1'320, melting at 
14(PC. to a transparent colourless liquid, and boiling at 190° (Serullas). Va- 
pour-density 6*36 (Bineaii, Ann. Ch. Pliys. [2] Ixviii. 424), by calculation (2 vol.) = 
6 .> 80 . It gives out, especially when heated, a pungent odour like that of chlorine, 
l>ut at the same time strongly resembling that of mice, and excites tears. Its ta.ste 
is Weak, ])ut is nevertheless similar to tho odour. One grain dissolved in hIcoIioI 
and introduced into the alimentary canal of a rabbit, kills it instantly. (Serullas.) 

Solid chloride of cyanogen dissolves in water without decomposition at first, but is 
afterwards resolved with it, slowly at ordinary temperatures, more quickly at tho boil- 
ing heat, and instantly in presence of a fixed alkali, into hydrochloric and cyanuric acids 
(Ser ullas) : 

C»N»C1* + 3H'0 = C»N»H»0> + 3Ha 

Similarly, when boiled with ammonia^ watery and alcohol^ it yields sal-ammoniac and 
cyanuric acid ; but in the absence of alcohol, chlorocyanamidc is produced. The same 
compound is formed, with slight evolution of heatj when dry ammoniaced goi is passed 
over pul veiled chloride of cyanogen (Liebig). Solid chloride of cyanogen mixed with 
poiamum is decomposed, with evolution of light and heat, yielding chloride and cya- 
nide of potpsium (Serullas). It dissolves very readily in alcohol and whence 
It is precipitated by water* When diswlvcd in absolute alcohol it jemains unaltered ; 
but in hydrated alcohol, it is converted in a short time, with violent evolution of heat, 
into vapour of hydrochloric acid, and cyanuric acid, which settles in cubes at the bottom 
of the liquid. (Liebig.) 

^ vaih-iirater, Which coDtidni hydrochloric acid, cyanuric acid, and a until quantity of chloro* 
*7«iic oU, may be ui^ for the preparation of cyanuric acid. 
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Chlorocyanic Oil. — This name ia given to an oily liquid containing chlorine, 
carbon, and nitrogen, which is produced by the action of chlorine on many cyanogen- 
compounds, e.g. on cyanogen-gas in sufishine (Gay-Lussac, Ann. Chim. xcv. 200), on 
anhydrous hydrocyanic acid in sunshine (Gay-Lussac, Serullas, Ann. Ch, Phys. 
[2] XXXV. 300), on the strong aqueous acid (Gay-Lussac), on dry cyanide of mercury 
in sunshine. (Gay-Lussac.) - 

Preparation— A concentrated aqueous solution of 5 grms. cyanide of mercury ig 
poured into a bottle of 1 litre capacity, filled with chlorine gas and exposed to the sun: 
in an hour or two, drops of oil are seen running down the sides, and in four hours, if 
the sunshine is strong, the action is complete. In diffused daylight, the decomposition 
goes on more slowly and yields less oil. The oil is mechanically separated from the 
water above it — a large quantity of volatile chloride of cyanogen then escaping — and 
drawn up into tubes under water (Serullas). Bouis (Ann. Ch. Phys. [3] xx. 446) 
proceeds in the same manner, except that he prepares a solution of cyanide of mercury 
saturated at the boiling heat, and pours it while still hot into bottles filled with chlorine. 
The crystals of chloride of mercury which form at first, soon dissolve, and are replaced 
by elongated crystals, the formation of which appears, however, to be merely accidentiU ; 
afterwards the oily drops appear. TJie chlorine must be repeatedly renewed, till it no 
longer loses it colour, In the briglit sunshine of summer, the saturation of the liquid 
with chlorine is completed in two hours ; in winter it takes two or three weeks. Four 
parts of cyanide of mercury yield 1 pt. of the oil. 

Chlorocyanic oil is a yellow liquid, heavier than water ; it has a very caustic tasto 
(Bouis), and a very pungent odour, like tluit of cyanogen, but with a peculiar aro- 
matic character, causing a copious flow of tears and coughing. It is not nearly so 
poisonous as chloride of cyanogen, a tolerably strong dose killing rabbits only after 
several hours. When recently prepared, it does not redden litmus or precipitate 
nitrate of silver (Serullas). Its boiling point is at least as high as that of oil of 
vitriol (Liebig). It makes grease-spots on paper, which are dissipated by heat. It 
is insoluble in water, but soluble in alcohol and ether. It decomposes gradually, 
whether moist or dry, depositing crystals of trichloride of carbon, C"CP. It explodes 
when heated. Bouis found it to contain 10-6 per cent, carbon, 8'4 nitrogen, and 75'6 
chlorine, whence ho deduces the formula C®N<C1'\ S(‘Tulla8 regards it as a mixture of 
chloride of cyanogen with cliloride of carbon and chloride of nitrogen. 

The oil, when moderately heated, boils, gives off nitrogen (mixed with carbonic an- 
hydride), and yields a liquid distillate which deposits crystals of trichloride of carbon. 
The distillate is colourless, limpid, heavier than water ; lias a strong irritating odour ; is 
in.solublo in water, soluble in alcoliol, more soluble in ether ; boils at about 85° C., the 
boiling point, however, gradually rising. Bouis found in it 11*6— 12 4 per cent, car- 
bon, 4*9 to 5-1 nitrogen, and 80-4— 81 '8 chlorine, and represents it by the formula 
CioN^Cl**. 

When the chlorocyanic oil is slightly heated with nitric acid, the mixture gives on 
torreots of gas, which often blow the apparatus to pieces. The gases consist of nitro- 
gen, carbonic anhydride, and nitrous vapours, mixed with a yellowish vapour having a 
very powerful odour. By distillation, crystals of trichloride of carbon are obtained, 
together with a colourless, very volatile liquid, having an odour still more irritating 
than the preceding products. Bouis found it to contain 10*3 to 10*9 per cent, carbon, 
8*2 to 7 *8 6 nitrogen, and 75-9 to 76*7 chlorine, numbers which ho represents by the 
formula C‘*N^CP^O* 

In connection with these compounds, we may describe a crystalline substance, which 
Stenhouse (Ann. Ch.Pharm, xxxiii. 92) obt.ained by the action of dry chlorine on an 
alcoholic solution of cyanide of mercury, or of hydrocyanic acid, 

Wlien an alcoholic solution of cyanide of mercury, cooled by cold water, is saturated 
with dry chlorine gas, large quantities of sal-ammoniac are produced ; the mass be- 
comes heated, giving oif carbonic anhydride with effen^escence, and the liquid retains 
a peculiar compound, together with mercuric chloride. The solution is heated with 
water, which dissolves the sal-ammoniac and the chloride of mercury, and deposits the 
new body in white shining needles. If boiling water is used, the crystals form slowly 
and are of larger size. Caro must be taken not to let the liquid get heated during the 
passage of the chlorine, and to stop the current of gas as soon as sal-ammoniac ceiwes 
to be deposited, otherwise secondary products will bo formed. A more economical 
mode of preparation is to pass chlorine slowly into a strong alcoholic solution of hy- 
drocyanic acid till crystals of sal-ammoniac moke their appearance, and the liquid 
gives off carbonic anhydride with effervescence. 

The compound crystallises in long, colourless, shining needles, much like sulpbaj^ 
of quinine. It is neutral, tasteless, inodorous, and melts at 120° C. with partial sub- 
limation. It dissolves sparingly in cold water, easily in alcohol and ether. Potash- 
ley decomposes it, ammonia being given off, and the liquid assuming a dark 
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colour. It disflolTes in hot aqueous ammonia, and separates out on cooling. Sulphuric 
acid and nitric acid likewise dissolve it. 

This substance gives bjr analysis (mean) 3d*4 per cent, carbon, 6-0 hydrogen, 10*35 
nitrogen, and 26*0 chlorine, whence Stenhouse deduces the formula C^H'CLNO*. 
Laurent supposes it to contain 1 at. hydrogen less, and represents it by the formula 
C*H®N.C10*, supposing it to be formed as shown by the equation : 

C*H*0 + 2CNH + H*0 + Cl* « C^H®NC10» + NH'Cl. 

The evolution of carbonic anhydride is ascribed to a second^ reaction. According 
to Laurent’s formula, the body might be resolved into oxalic acid, alcohol, and sal- 
ammoniac : 

C^H-CINO* + 3H^ - + NH^a. 

CTAWOOBn', DBTSCTZOW and BSTIMATZOV OP. The detection of 
cyano^n in 'metallic cyanides which give off prussic acid when treated with dilute 
acids, is very simple, especially when only the alkali-metals or alkalinc-eartli-metals 
are present. The liquid is first rendered strongly alkaline (if not so already); a small 
quantity of a ferroso-ferric solution is added ; and the mixture is warmed for a short 
time (to favour the formation of yellow pnmsiate), then supersaturated with hydro- 
cliloric acid. Prussian blue is then formed if a cyanide is present or*f in very small 
quantity, the liquid assumes a green colour, and slowly deposits prussian blue on 
Btandirig, the green colour of the liquid changing at the same time to yellow. (See 
al.so Tests for Hydrocyanic Acid, p. 218.) 

To detect cyanogen in double cyanides which do not give off pnissic acid with diluto 
ucidfi, tliey must first be fused with dpr carbonate of sodium, the mass then lixiviated 
vitli water, and the solution tested with a ferroso-ferric salt as above. 

The detection of cyanogen in its other compounds is more difficult The cyanates, 
snlphocyanates, sxiiSi cyanamidcs are not easily converted into cyanides ; most of theml 
liowcvcr, exhibit reactions of their own, by which they may be easily recognised, 
(.(j. cyanic acid by splitting up with water into ammonia and carbonic acid; sulpho- 
cyanic acid by the blood-red colour which it produces with ferric salts. Chloride, 
l^rotiiide, and iodide of cyanogen, mixed first with solution of ferrous sulphate and 
then with potjish-ley, yield a green precipitate after aciduhition with hydrochloric 
acid. 

From the cyanides of the alcohoUradicles and organic bases^ sucli as cyanophenyl- 
aiiiiiio, tlie cyanogen cannot ho separated as such, so that it is doubtful wlietlier these 
compounds actiiallv contain cyanogen. On treating them with acids or alkalis, am- 
monia is separated, and the carbon of the cyanogen is left in combination with the 
remaining carbon of the organic body, e,g. 

2(C«H’N.CN) + 2HCJ + 2WO - + 2NH'C1. 

Cyanide of Phenyloxa- 

phenyliiinine. mule. 

CN.C^H* + KHO + H'^0 - C^H^KO* + NH». 

Cyanide of Propionato of 

ethyl. potaaiium. 

To test for cyanogen, the gas is shaken up with potash-ley, whicli absorbs the 
cyanogen, forming cyanide and cyanate of potassium ; the solution may then be tested 
with a ferroso-ferric salt as above. The same reaction will however be obtained if 
the gas contains hydrocyanic acid instead of cyanogen ; but in that case no cyanate 
of potassium will be formed. The pot ash -solution must therefore be further tested 
for cyanate by acidulating it with hydrochloric acid, and heating gently ; the cyanic 
acid will then be resolved into carbonic acid and ammonia, which latter will be given 
off on supersaturating with potash. Another method of detecting free cyanogen in 
presence of hydrocyanic acid, is to remove the latter by means of red mercuric oxide, 
which does not absorb the cyanogen at all if dry, and only very slowly if it is moist. 
The remaining gas may then be tested with potash as above. 

The quantitaHve estimation of cyanogen may often be effected by loss, that is to 
by determining the amount of the body (generally a metal) united with the 
cyanogen. To determine the cyanogen directly, the cyanogen-compound is generally i 
Dumt in a combustion-tube with oxide of copper, and the carbon determined as in 
o^nic analysis. 100 pts. by weight of carbonic anhydride, CO*, are equivalent to 
pts. cyanogen, ON. 

If other compounds are present containing carbon, but free from nitrogen, the 
cyanogiui may be converted into ammonia by ignition with soda-lime, and the 
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nmmonia quantitatively determined. 100 pts. ammonia correapond 'to 

^^LTcyanides which are soluble in water orjn dilute acids, the amount of cyanogen 
may generally be determined by precipitation with nitrate of sUver as described in the 
article Cyanibb of Htdkoobn (p. 2i9). In some cases, however, as with cyanide of 
mercury and many double cyanides, e. g, the ferro- ferrri- and cobalticyanides, this 
method is not directly applicable ; such compounds must be treated by some of the 
methods previously mentioned. 

The amount of cyanogen in cyanide of mvrcury msiy be accurately determined hy 
mixing the aqueous solution of the salt with caustic potash and sulphide of potassium, 
the latter in slight excess otily, and adding a solution of zinc-oxide in potash. The 
cyanogen may ^cn be precipitated from the neutralised filtrate by nitrate of silver, 
when cyanide of mercury is decomposed by sulphydric acid, part of the cyanogen is 
sure to escape as hydrocyanic acid. Another very exact method is to decompose the 
mercuric cyanide, dissolved in more than 25 to 30 pts. water in a stoppered bottle with 
cadmium filings. The decomposition is complete in about 36 hours, and the cyanogen 
may then be precipitated from the solution of cyanide of cadmium by nitrate of silver. 
(H. Kose, Zeitach. Anal. Chem. i. 288.) 

CYAnrOOBK, XOBXBB OP. CNI = Cyl. (H. Davy, Giilb. Ann. liv. 384. 
Wohler, ihidmHix. 281. 8erullas, Ann. Ch. Pliys. [2] xxvii. 184; xxix, 184; 
xxxiv. 100 ; XXXV. 293, 344. Van Dyk, Eepert. Pharm. xxi. 223. J This compound, 
discovered by Sir H. Davy in 1816, is not formed by the direct union of its elements, 
but is easily obtained by the action of iodine on cyanide of mercury, cyanide of silver, 
or other metallic cyanides ; it is likewise found as an impurity in commercial iodine 
(Scan Ian, Chem. Soc. Mem. iii. 321. F. Moyer, Arch. Pharm. [2] li. 29, Klo- 
bach, ibid. lx. 34). — 1. Two pts. of cyanide of mercury are mixed with 1 pt. of iodine, 
very intimately, but quickly, to prevent loss by volatilisation, and the mixture gradually 
and gently heated, either in a retort provided with a roeeiver, or it a wide-necked 
flask, the mouth of which passes under a bell-jar partly closed with a glass plate ; or 
the mixture is heated in a small porcelain dish till the iodide of cyanogen begins to 
volatilise, the dish then placed upon a large glass plate, and covered with a bell-jiir; 
the iodide of cyanogen then sublimes on the sides of the jar in large white flocks 
(Serullas). The product is usually contaminated with icalide of mercuiy, which 
sublimes with the iodide of cyanogen, chiefly towards the end of the operation ; it may 
be purified by a second sublimation over tho water-bath or in sunshine, but tla< 
operation takes a long time. If the iodide of cyanogen, when supersafarjtted, first 
with strong aqUeoiis potash and then with nitric acid, yields no precipitate of mercuric 
iodide, it may be considered free from that impurity. (Serullas.) 

2. By heating a mixture of iodine and cyanide of silver. This process yields a 
purer product (Wohler) — 134 pts. (1 at.) cyanide of silver require rather less than 
252 pts. (2 at.) of iodine. 

3. Iodine is dissolved in a concentrated .solution of cyanide of potassium, in such 
quantity that the solution may solidify in a crystalline mass on cooling, and th« 
solid mass is gently heated till the iodide of cyanogen sublimes- (Liebig, Chim, 
org. i, 180.) 

Propcrtif's, — Iodide of cyanogen forms long, white, very delicate needles, loosely 
united in feathers and stars (Serullas). From its solution in ether or absolute 
alcohol, it crystallises in small four-sided t.able.s; from a solution in spirit of 80 per 
cent, in long feathery needles (Herzog, Arch. Pharm. [2] Ixi. 129). It is veiy 
heavy, sinking rapidly in oil of vitriol. It boils at a tenqw^rature considerably above 
100® C., and volatilises undecomposed even at ordinary temperatures. It has a highly 
penetrating and pungent odour of iodine and cyanogen together ; excites a copious 
flow of tears ; and has an extremely acrid taste (metallie if it is contaminated with 
iodide of mercury) (Serullas). It is very poisonous, acting like iodine and cyanogen 
together. It dissolves in water, and more readily in ^cohol, forming colourless 
solutions which do not change the colour of litmus or turmeric, or turn starch blue, or 
precipitate nitrate of silver. It dissolves with still greater facility in ether and in 
ifolaiile oils, and is likewise soluble infixed oils. 

Decampositions , — 1. Iodide of cyanogen thrown upon red-hot coals (Serullas), or 
passed through a red-hot tube (Wohler), gives off violet vapours of iodine. Even 
Its aqueous solution, when kept for some time, imparts a pale violet colour to the 
superincumbent air (S or u 1 1 a s). Strong sulphuric acid decomposes Iodide of cyanogen 
very slowly, acquiring thereby a red colour, and precipitating iodine (Serullas); 
accor^ng to Herzog, the decomposition does not take place without the aid of beat 
It dissolves also without decomposition in nitric and in cold hydrocKLorio acid.^ 
8. Sulphurous anhydride exerts no action on iodide of cyanogen; but the aqueous 
solution of sulphurous acid forms with it ^water being decomposed) sulphuric acid# 
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hTdfo^nie aind and iodine, which la»t anhetanee, by the fiiitiier action of tha 
(ipburoufl acid, yields hydriodic and sulphuric acids. (Serullas) : 

2CyI + H»0 + H=SO* HSSO* + 2HCy + P; 

Cyl + H»0 + H’SO* - irao* + HCy + HI. 

SvJphydric ficid gas^ in the absence of water, conrerts iodide of cyanogen into hydriodie 
Hcia and black iodide of sulphur; in presence of water, the products are hydrocyanic 
acid, hydriodic acid, and a precipitate of sulphur: 

2CyI + H^S =r 2HCy + SP; 

Cyl + H'S - HCy + HI + S. 

5, Iodide of cyanogen dissolves in caitstic potash^ forming cyanide, iodide, and 
perhaps also iodate of potassium (Sorullas). Probably thus : 

3CyI + SK^O » 3KCy + 2KI + KIO» 

6. An aqueous solution of iodide of cyanogen mixed, first with potash, then with 
ft rrous sulphate, then with hydrochloric acid, — or first with ferrous sulphate, then with 
jiotash, and tlien with hydrochloric acid, — yields a green precipitate (Sorullas). 
This reaction distinguishes iodide of cyanogen from the bromide and cliloride, which 
yield tlio green precipitate in the latter case only.- -~7. Phosjyhorus melts in contact 
with iodide of cyanogen, and yields iodide of pliosphorus, often with emission of light 
and heat; the eyanogen is probably set free in this reaction (Wohler, Dyk). Siini- 
hirly, powdered antAmmy boated with iodide of cyanogen decomposes it with noise, 
Hiid forms iodide of antimony; and wm’tfr?/ agitnt(‘d with aqueous iodide of cyanogen 
liherates the cyanogen, and is converted into iodide of mercuiy, exhibiting first a 
yi'llow and then a red colour. (W oilier.) 

Dry chlorine gas and nitric acid do not decompose iodide of cyanogen. (Serullas,) 

With ammonia-gas, iodide of cyanogen forms a mixture of iodide of ammonium 
and cyanamidc, formerly regarded as ammonio -iodide of cyanogen. (See Cyanakidb, 

p. 188.) 

CYASSrOGSONt STTILPHYDIIATSS Ol*. Dry sulphydrlc acid gas does not 
act upon cyanogen, but in the moist state, the two gases unite, forming two crystalline 
compounds, according to Ihe proportions in which they are mixed. 

Monosulphydraie, Flavcanwasserstoffsaure (Berzelius). Stdphoxalenide 
(Laurent). C^N*H'‘*S — Cy^H^S. — This compound is formed when cyanogen and sul- 
phydric acid gas, both moist and the former in excess, are passed into a gla-ss receiver 
standing over mercury, or into alcohol. Laurent (Compt. chim. 1850, p. 37«S) passes 
the two gases (the cyanogen in large excess) into a large bottle moistened with 
water, and purities the crystals which form, by recrystallisation from ether. 

The compound crystallises in yellow needles having a pimgcnt and afterwards bitter 
taste. It dissolves in water, alcohol, and ether. The solutions are not acid ; they 
become darker-coloured on standing, and deposit brown flocks, emitting at the same 
time an odour of prussic acid. Heated with dilute acids or alkalis, it yields oxalic 
acid, ammonia, and sulphydric acid : 

C^N^n^S + 4H»0 == + 2NH» -I- H®S. 

With a strong solution of potash, it forms sulpliocyanate and cyanide of potassium ; . 
C^*H"S = CNH + CNHS. 

Hydr»»cy{inlc Sulpho- 
ttcid. cyanic acid. 

With silver-salts, it forms sulphide of silver, cyanogen being at the same time set free; 
from acetate of lead, after a while, it precipitates sulphide of lead. 

Pi 8 ulp hydrate, Rubeanwasserstoffsaiire (B e rz e 1 i u s). Snlphoxamide (Lauren t), 
C*N*H^S* *a Cy*. 2H‘^S. — This compound, which has the composition of oxamide in 
which the oxygen is replaced by sulphur, is prepared by passing cyanogen gas and 
exeess of sulphydric acid simultaneously into water, or better, into alcoh<3. The 
liquid gradually acquires a yellow-red colour, and deposite small crystals of the 
compound, which may be recrystallised from alcohol. It forms yellow-red shining 
opaque crystals very slightly soluble in cold water, somewhat more in boiling water, 
also in alcohol and ether. Strong sulphuric acid dissolves it with yellow colour, 
and deposits it again unaltered on addition of water. When it is gently heated, a 
small portion sublimes unaltered, the rest being resolved into sulphide of ammonium 
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and free eaxbon. It dissolves without alteration in cold potash ; but when boM with 
dilute potash, it yields oxalate and sulphide of potassium, together with ammonia ; 

C*N*H<S» + 3K»0 + JPO =* C*B:*0* + 2K*S + 2NH*. 

A similar decomposition takes place when the compound is ^iled with hydrochlorie 
acii Boiled with strong potash-solution it yields cyanide, sulphocyanate, and 
sulphide of potassium : 

C*N*H<S* + 2K*0 « CNK + CNKS + K*S + 2H*0. 

The compound is not decomposed by dry hydrochloric acid, or by sulphurous acid 
or ammonia either dry or aqueous. Chlorine decomposes it with aid of heat, forming 
chloride of sulphur ; with boiling nitric acid, it forms sulphuric acid. The aqueous 
solution, mixed with nitrate of silver, gives off cyanogen and throws down sulphide 
of silver. With neutral acetate of lead, it yields an orange-yellow precipitate 
C*N*H*Pb*S* which retains its colour when carefully dried, but yields sulphide of 
lead when boiled with water (Wohler, Volckel). With cupric salts it yields a 
black-groen precipitate which resembles the lead-salt in its reactions. With mercuric 
chloride it forms a thick white precipitate, and gives off hydrochloric acid. (W b hler.) 

(For further details respecting these compounds, see i^idirCt Handbook^ viii. 116.) 

CTAiroOBir, SniPBlSB or. See SULPUOCYANIO Anhydhtdb. 

CTAKTOXB. C*H*'NO? (Bossignon, Compt. rend. xiii. 651. )—A volatile oil 
produced by the fermentation of pressed almond-cake and of many stone-fruits con- 
taining prussic acid. To prepare it, the bruised and moistened almond-cake is spread 
out on paper till the mass begins to ferment; the fermented mass is carefully distilled; 
and the distillate, which at first contains a small quantity of acetic acid, is collected 
in a receiver containing potash-ley. The eyanoil, which floats on the liquid in oily 
drops, is first treated with chlorine, and then rectified over potash, Cyanoiil may also 
be obtained by fermenting almond-cake with cheese. 

Cyanoil is a colourless, oily liquid which smells like bitter almonds, tastes somewhat 
sharp and astringent, is insoluble in water, and has a specific gravity of 1*009 ; it 
bums with a purple-red flame. When exposed to the air, it slowly volatilises without 
alteration. It is said not to be decomposed by potash, chlorine, bromine, or iodine. 
It mixes in all proportions with nitric acid, and dissolves camphor, naphthalin, and 
wax. It is said to contain 69*42 per cent, carbon, 10*64 hydrogen, 13*02 nitrogen, 
and 7*02 oxygen, numbers which may be represented by the empirical formula above 
given ; but the investigation of this substance is altogether very imperfect 

CTABTOAXTBi A hydrated silicate of calcium occurring, intergrown with cerinite 
and centrallassite, in a kidney-shaped mass in the trap of Fnndy Bay, a mile to the 
east of Black Boric, and forming the innermost portion of the moss. It is amorphous, 
with a fracture varying from flat conchoidal to even. Colour blnish grey ; iridescent ; 
opaque in the mass, translucent at the edges. Specific gravity *= 2*495. Hardness 
s= 4*6. Soluble in hydrochloric acid, with separation of gelatinous silica. Before 
the blowpipe it melts on the thin edges, forms clear beads with soda and borax, and 
a translucent glass with phosphorus-salt. 

The analysis gave : 

SiO» AFO* OhO MgO K«0 H*0 

72*62 1*24 18*19 trace 0*61 6*91 * 99*47; 

agreeing nearly with the formula 14 CaO.lO^iO* + 6H(? or 14Ca0.16Si0» + 6H*0. 
(How, Edinb. N. Fhil. J. x. 847.) 

^TfAIfOSXXIBi or Cyanose, Native sulphate of copper. (See Sulphates.) 

OTAXOrOTOZiirZDXlisrB. See Toluidinb (v. 866). 

Lettsomite, Sammterz^ Kupfersammters. — A mineral from 
Moldawa, in the Bannat, occurring in velvety deposits, consisting of delicate small* 
blue fibres. Two specimens analysed by Percy (Phil Mag. [3j xxxv. 100) gave : 

SO* A1*0* Fe*0* CuO H'^0 

15*38 11*70 48*16 23*06 98-30 

14*12 11*06 1*18 46*59 23*06 insol. 2*35 « 98*36 


whence the formula, 6Cu0.Al®0*.2S0* + 12IPO 


6Cu") 

(Al*)-‘ 0“ + 12aq. 

2(SO*)"j 

CTAVOVS AOZ3>. The name originally given by Sernllas to cyanic acid, on 
the supposition that it contained only half as much oxygen as the acid then called 
cyanic^ but now oymnric add. 
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CtAWmtAMlO AC»8. Ammeline, C*N»H»0, AndiMelanurmic acid, 0*N*H«0* 
may I* regarded as amic acids of cyannric acid, both being intermediate in composition 
between (^anuric acid and cyanuramide or melamine, thus : 


Qyanuric acid. • • 

. . . . CWH‘0* - ^|o* 

Melanurenic acid . . , 

, . . . C«NW - 

Ammeline • • . < 

. . . . C>N*H‘0 . 

Cyanuramide . • . . 

own* = %|k» 


Ammeline, CWH^O. (Liebig, Ann. Ch.Pharm. x. 30 ; Iviii. 240. Knapp, ibid, 
xxi. 244. Laurent and Gerhardt, Ann. Ch. Phys. [3] xix. 92.)— This compound, 
which may also be regarded as composed of 2 at. cyanamide and 1 at cyanic acid, 
2 CyIPN.(^HO, is produced by boiling melam with dilute sulphuric acid or potash-ley, 
or by boiling melamine (cyanuramide) with dilute nitric acid. It is precipitated from 
its solutions by ammonia or carbonate of potassium, as a chalky white powder. It is 
insoluble in water, alcohol, and ether, but dissolves in caustic alkalis and in most 
acids. Strong acids and alkalis convert it, first into ammelide, then into cyanuric acid. 
When heated it gives off ammonia and leaves mellono. Fused with potash, it yields 
oyanutc of potassium (p. 193). 

Amraeline is a weak base, forming crystalline salts, which are partially decomposed 
by water. The nitrate, CWH’O.IINO®, crystallises from solutions containing a slight 
excess of nitric acid, in long colourless four-sided prisms. When heated in the dry 
state, it gives off nitric acid and nitrate of ammonia — or the products of its decom- 
position, nitrous oxide and water — and leaves melanurenic acid: 

CWn»O.HNO» = + N*0 + IPO. 

The argento-nitrate, C^N‘‘H*O.AgNO*, obtained by mixing a solution of nitrate of am- 
ineliiie with nitrate of silver, is a white crystalline precipitate. 

Melanurenic acid, CWIPO'-' = CvH2N.2CyHO. (Liebig and Wohler, Ann. 
Ch. Phann. liv, 371. G m. ix. 470.) — This body remains, together with cyanuric acid, 
when urea is subjected to a continuous but moderate heat. On dissolving out the 
cyanuric acid with water, the melanurenic acid remains as a white chalky powder, ia- 
soluble in water, soluble in acids and alkalis, and precipitable therefrom by neutraJisa- 
tion. When heated, it yields ammonia and mellone ; and when boiled with acids or 
alkalis, it gives up ammonia and is converted into cyanuric acid. 

Ammelide, C'5'H'0> = 3(CyH-'N.CorHO) = (Liebig. Ann. Phann. i. 

30 ; Iviii. 249. Knapp, ibid. Ixix. 244. Laurent and Gerhard t, Ann. Ch, Phys. 
[3] XIX. 94.)— This body, dificovered by Liebig in 1834, stands, according to the above 
jornmla, intermediate between ammeline and melanurenic acid, just as ammehne does 
between melammo (cyanuramide) and melanurenic acid, and as melanurenic acid does 
between ammeline and cyanuric acid (see table above). Gerhardt, however {Traitk^ 
IV. 888), regards it identical with melanurenic acid. It is obtained by dissolving molam| 
melamine, or ammeline in nitric, or better, in strong sulphuric acid, and precipitating 
with alcohol or carbonate of potassium. It is a white powder, insoluble in wmte^ 
solulile in acids, but does not form definite salts. It dissolves easily in dilate potash, 
and in boiling aqueous ammonia ; and when the latter solution, freed from excess of 
animonia by heat, is mixed with nitrate of silver, a precipitate of ammdidaU of silver 
Js formed, consisting of C»N*H‘'AgO* 

A solution of this salt in strong nitric acid deposits colourless Iftminm or tables of 
^’’^gentonitrate of ammelide, C®N*H*0^,AgN0*. The same compound is obtained on 
mixing a cold saturated solution of ammelido in nitric acid with a solution of nitrate 
of silver not containing ammonia. The crystals treated with water dissolve, for the 
most part, leaving white flakes of ammefide. Heated in a tube, it flrst gives off 
mtpomj vapours, then cyanic acid, and leaves metallic silver. 

Ammelide boiled for some time with acids or alkalis is converted into cyanuric acid» 
ana when fused with potash, yields cyanate of potassium. 

Tricyano^triandde, Mdamine, C*H*N* — (Lie- 

^igi Ann. Ch. Pharm. x. 18; xxvi. 187.) — This compound, polymeric with cyanamide^ 
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if obtained by heating the latter to 160® C., or by boiling melom (C*H*N**) with potaah 
and slowly evaporating the solution. It crystallises in large rhombic octahedrons, 
having a strong lustre, permanent in the air, slightly soluble in cold water, more 
soluble in boiling water, insoluble in alcohol and ether ; boiling potash-ley (jissolves 
them more readily than water. When strongly heated, they melt, give off ammonia, 
and leave an orange-yellow residue of bydromellone, which is further docomposed 
at a higher temperature. Cynnuramide, fused with hydrate qf potataium^ yields 
<^anate or mellonide of potassium, acccording to the proportions us^ : 

C’H-N* + 3KHO - 3CNKO + 3NH*. 

Cyanate of 
potMfslum. 

3C*H«N“ + 3KHO + 6NH* +3H*0, 

Mellonide of 
potassiiira. 

When fused with potassium, it glows, gives off ammonia, and yields mellonide of potas- 
•ium. Strong acids transform cyanuramide successively into ammeline, ammelide, 
tnelanurenic acid, and cyanuric acid, each of those compounds being derived from th« 
preceding by the addition ofH*0 and elimination of NH* (p. 286). 

+ H^O - NH» == C'*N»H»0, 

Cyannra- Ammeline. 

inldn. 

2C*N»IPO + H*0 ^ NH» = C'»N«»n‘>0> 

Ammelinn. Ammelide. 

+ H^O - NH* « 2C»N'IPO* 

Ammelide. Mulannrcnic 

acid. 

C’N'H'O* + n*0 - NH* C>N»IPOs. 

Mclanurciiic Cyanuric 

acid. acid. 

Oyanuramido, or melamine, is a base which unites easily with acids, forming well 
defined salts which have an acid reaction. Its aqueous solution precipitates the salts 
of manganese, iron, zinc, and copper. 

Acetate of melamine is very soluhlo in water, and crystallises in largo rectangular 
flexible tables. formate forms very soluble laminie. The nitrate^ C*H*NMIN0*, 
crystallises in long silky laminae, which are permanent in the air and may bo rccrystal- 
lised without dreomposiUon. An argentonitrate, C®H*N*.AgNO’, is produced on adding 
a hot solution of melamine to nitrate of silver, as a white crystalline precipitate, which 
increases on cooling, and may he roc^iysbdlised without alteration. The oxalate, 
C*H*(C*H*N*)*0^, is less soluble iij water than tho nitrate. Tlie phosphate forms 
slender needles very soluble in boiling water. The sulphate is a crystalline precipitate 
obtained by adding sulphuric acid to a solution of melamine. It is slightly soluble in 
cold water, more soluble in boiling water, and ciystallises on cooling in short red 
needles. 

CTAiramXO ACI9. CIPN*©’ = 'erkarhmyUria- 

mide, Cyanurenic acid, Pyro-uric acid, (Scheole, Opitscula, ii. 177. Serullas, 
Ann. Ch. Phys. [2] xxxviii. 379. Wohler, Pogg. Ann. xv. 622; Ann. Ch. Phann. 
Ixii. 241. Liebig and Wohler, Pogg. Ann. xx. 369; xxiv. 608, 603. Liebig, 
Ann. Ch. Pharm. xxvi. 121, 125. Wurtz, ibid, Ixiv. 307. De Vry, ib^id, Ixi. 248. 
Limpricht, Ixxiv. 208.) 

This acid was discovered by Scheole, who obtained it as a sublimate by the dry dis- 
tillation of uric acid, and regarded it as similar to succinic acid, Serullas, in 1828, 
by decomposing solid chloride of cyanogen with water, obtained an acid which he re- 
garded as (PNHO\ and named cyanic acid (p. 286); and Wohler, in 1829, showed 
that this acid was identical with pyro-uric acid, and was also obtained as a residue by 
heating urea. Subsequently, Liebig and Wohler, in 1830, discovered the true compo- 
sition of the acid and many of its chemical relations. 

Cyanuric acid is also produced : a. By heating urea to a certain point (Wohler, 
Qm. yii. 366). — h. In the decomposition of urea by hydrochloric acid (Be Vry), or by 
chlorine (W urts).— o. By boiling melamine with nitric acid, or cyanylic acid with sul- 
{diurio acid (Liebig). — -d. By boiling 1 pt. of ammedide for six hours with 60 pts. 
of water and a quantity of phosphoric, sulphuric, or nitric acid, about sufficient to dis- 
solve the ammelide, the ebullition being continued till the liquid is no longer precipi* 
tated by ammonia.— e. By boiling 1 pt of ammelide for an hour with 10 pts. of ^ute 
potash (Knapp, Ann. Ch. Pharm. xxi. 246). — f. By the action of aqueous hypo* 
ehlorons acid on hydrocyanic acid. (Balard.) 

, Preparation, — 1, Diy chlorine gas is passed into melting urea* whereupon the maas 
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gwallfl op fltroDglyi gives off white fumes of sal-ammoiiituj, together with nitrogen and 
hydrochloric acic( and is conyerted into cyanuric acid. (Wurtz.) 

3CH^N^ + Cl* « N + HCl + 2NH<a + C>N*H»0» 

2. Urea i» houtod till it ceases to give off ammonia, the residue is dissolved in 
boiling water, and the filtrate is left to crystallise by cooling (Wohler). As the urea- 
rcsMuc may still contain ammonia and still exhibit colour, it must be dissolved in hot 
hiilphuric acid, nitric acid dropped into the solution till all effervescence ceases and 
till* solution is decolorised, and after cooling, the cyanuric acid pr('cipitat» 2 d from 
it by water; it is theu obtained as a- snow-white crystalline powder; or it may be dis- 
solved in boiling bydrochloric acid, which will deposit the cyanuric acid as it cools ; 
or the pulverised residue may be suspended in water, and chlorine passed through the 
liquid, whereupon the residue dissolves, forming a solution which deposits cyanuric 
acid in proportion as the chlorine escapes. (Wohler and Liebig.) 

1-ulverised urea is saturated with dry hydrochloric acid gas; tho compound is 
iK'iited ill the oil-bath to 146° C., at which tem]>craturo it begins to decompose, then 
taken out, whereupon violent decomposition takes place, and the temperature of the 
mass rises to 200° ; and the residue is dissolved in iiot water, which on cooling deposits 
white cyanuric acid, whilst sal-ammoniac remains in the solution. If the mass were 
IrO in the oil-bath, the compound C^N‘11'0-* would be obtained instead of cyanuric 
aritl. (T>e V' ry.) 

1. Solid (blorido of cyanogen is boiled with a large quantity of water in a flask pro- 
Abh^l with a long neck, that which suldiines in the neck being continually returned to the 
lifiuid by agitation, till the odour of chloride of cyanogen is no longer perceptilde. The 
[.(jiiid is then placed in a basin and evaporated nearly to dryness at a gentle heat, tlie 
'^iviiter part of the hydrochloric acid escaping; the crystallised cyanuric acid is washed 
..M !i niter witii small quantities of cold w'alertill the w’ater gives, with nitrate of silver, 
only a slight precipitate which dissolves in nitric acid; tho acid is then dissolved in 
l olling water, and tho filtrate evaporated to a certain point, and left to ciystaUise. 
(S ('Til lias.) 

Cyanuric acid ciystjillises from water in colourless oblique rhombic 
jtrisms containing 2 at. water of (Tystallisation : C*N*H*0*+ 2H'‘'0. The finest crystals 
arc obtained by satiirating a solution at the boiling heat, evaporating it at GO? — 80° C., 
and leaving it to cool slowly. According to Keferstein (Pogg. Ann. xeix. 276) and 
Si'liabus {Ikstimmxmg^ p. 142), the crystals are monoclinic, exhibiting the faces 
c^P. cePoo . oP . -Poo . -JPoo. Patio of aps a : h\ c ^ 0-6728 : 0-7626 : 1. In- 
clination of cop ; ooP in the clinodiagonal principal section =76° 48' (77*^ 13'Kefer- 
stcin); oP r c»P = 99° 59'; oP : -Pco =-137° 3'; oP : -»JPoo « 161° 42'. Clea- 
VMi:*' very distinct parallel to —Poo ; less distinct parallel to oP. 

'rill! crystals, exposed to dry air or gently heated, give off their water of cry.stallisa- 
fioii, amounting to 2 1 69 per cent., and leave anhydrous cyanuric acid in the form of 
a white efflorescent mass. Tho anhydroiLS acid likewise separates from a hot saturated 
solution of the acid in nitric or hydrochloric acid. Py sublimation it is obtained in 
dv'lii'utc needles. 

Cyanuric acid is inodorou.s, has a slightly acid taste, and reddens litmus faintly. 
It is not jX)i.sonoiis. It is but slightly soluble in cold water (in 40 pts. acconling to 
Clievallicr and Lassaigne), dissolves in 24 pts. of boiling water, and is insoluble 
in alcohol, 

Dfcompositions . — 1. Cyanuric acid when heated alone is converted into cyanic ac-id 
(C^NUl-'O* « 3CNHO), part of the latter being at the same time converted into cya- 
nielido (p. 186) which sublimes (Liebig and Wohler). When mixed with nitrate 
of ammonia, it undergoes this change at a lower temperature than when hcatiid alone 
(Pelouze, Ann. Ch. Phys. |^3] vi. 69). — 2. By prolonged boiling with nitric or ht/dro- 
chloric acid, it is resolved into ammonia and carbonic acid (Liebig).-— 3. Heated 
with six times its weight of pvntachloridc of phospitorus, it yields solid clilorido of 
cyanogen and oxychloride of phosphorus (Beilstein, p.l81). — 4. Ileabai with 
fium, ityiehls cyanide and hydrate of potassium, C NWO* + K* = 3CNK + 3KHO. 
(Serullas.) 

Cyaniirates. Cyanuric acid is tribasic, being the analogue of solid chloride of 
cyanogen. It forms neutral $alt8, Cy*M*0’, of which, how'ever, only tho lead and 
Bfiver salts have been obtained, and Ojcid salU conbiiniug 2 at. and X at. metal in 
place of hydrogen, viz. Cy’HM^O* and Cy*H*MO*, All the cyanates appear to be 
crystallisablo, even those which are obtained by precipitatioji appearing crystalline 
under the microscope. They are decomposed by hydrochloric and nitric acid, with 
Bcparation of cyanuric acid. The cyanuratos of the alkali-metals when heated give 
off cyanic acid, cyanate of ammonium, carbonic anliydridc, and nitrogen, and leave a 
VoL. IL U 
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residue of q^anate. They are easily soluble in water ; the other cyanurates are insoInKU 
or sparingly soluble. 

Cyanurate of^ Ammonium^ Cy*H*(NH^)0* + aq. (dried in vacuo).— -White 
shining prisms which effloresce in contact with the air, and give off ammonia when 
heated They are but slightly soluble in water, the solution smelling of ammonia* 

Cyanurate of Barium. — The monoharytic + 2aq., is produced 

by dropping baryta-water into a boiling solution of the acid as long as the resulting 
precipitate redissolves. The salt, which is nearly insoluble, gradually separates in 
small shining prisms. It begins to give off water at 200® C., and becomes anhydrous 
and milk-white at 280®. 

The diharytic aatt, Cy*nBa"0* + aq., is obtained, on pouring a hot solution of the 
arid into an excess of baryta-water, as a pulvenilent precipitate composed of micro- 
seopic crj'stals. It is likewise produced on mixing a boiling solution of the acid with 
chlori<le of bairium and adding ammonia. The free acid does not precipitate either 
chloride or acetate, of barium. At 200® C. it begins t.o give off water of crystallisation 
(amounting to O Jl per cent.), and at a higher temperature, gives off ammonia, then 
cjmnic acid, and loiives fu.sed cyanate of barium. 

Cyanurate. of Calcium ciystallises in nodules. It is easily soluble in water • 
has a sharp, hitter taste ; melts at a gentle heat, and solidifies on cooling in a yellowish 
waxy mas.-^. It contains 8-6 per cent. lime. (Chevallier and Lassaigiie. Ann. 
Ch. Phys. xiii. lo6.) 

Cyanurate of Coj^per. — A definite salt appears difficult to obtain. — a. Recently 
precipitated ciii)ric hy<lrato added by small portions to hot aqueous cyanuric acid till 
the liquid is saturated, forms a clear solution, and, on cooling, soon yields a bluish- 
green crystalline precipitate, which assumes a fine blue colour at 100® C., and at 260® 
gives off 9 per cent, water, and ciianges to pure green just like chromic oxide ; it ap- 
pears to be a basic salt witli more than 3 at. copper. — b. Crystallised cyanurate of am- 
monium dissolved in water, forms with’cnpric sulphate a greenish-blue amorphous pre- 
cipitate, wlych wheu heated becomes crystalline and assumes, first, a blue, then a 
green colour; it is free from ammonia, but contains sulphuric acid as an osecntiiil 
constituent. The liquid filtered from this precipitate deposits crystallised cyanuric 
acid.— c. Wlion aqueous solutions of cyanuric acid and cupric acetate saturated while 
hot, are boiled together for some time, a green precipitate is formed containing acetic 
acid in combination. (Wohler.) 

Cyanurate of Cuprammonium, Cy»H(N»H*Cu)"0* + aa. — A solution of cyanuric 
arid in very dilute ammonia, mixed while hot with a eolation of cupric sulpuate in 
very dilute ammonia, deposits, on cooling, crystals which may be washed with water, 
inasmuch as they dissolve in it but sparingly. The salt forms small amethyst-coloured 
crj-stalfl, which, when examined by the microscope, appear to be four-sided prisms, with 
two of the lateral faces broader than the others, and bevelled with two faces. It 
is permanent in the air, begins to give off ammonia at 100® C., and at 230® assumes 
a dark-olive green colour, with loss of 14*86 per cent. At a still higher temperature it 
suddtMily becomes yellow, then takes fire, and glimmers away till it is converted into 
cupric oxide. 

At. preparation of this salt, the ammonia is not used in too great excess, and 

the liquids are mixed at the boiling heat, u beautiful peachblossom-coloured crystalline 
precipitate is formed, which is likewise an ammonio-cupric salt. It dissolves in am- 
monia, forming an azure-hhie solution which soon begins to deposit small arystalfl 
having a smalt-blue colour, but changing into the peach-blossom-coloured salt on ex- 
posure to Uie air, from loss of ammonia. 

Cyanurates of Copper and The dark-green salt obtained, as above 

mentioned, by heating cyanurate of cuprammonium to 230® C., contains, according to 
Wohler, Cy''Cu''(NH<>0* -i- Aaq,; according to Gerhardt and Gmelin, Cy»Cu''(NH*)0*. 
Wiedemann (P<^g. Ann. Ixxiv. 73), by adding a solution of cyanuric acid in excess 
of ammonia to an ammoniocal solution of cupric sulphate, obtained a violet precipi- 
tate of the salt, Cy®H*Cu"(NH*)*0*‘, insoluble in cold water, and sparingly soluble 
in ammonia. 

Cyanurate of Ethyl, See Cyantjeic Ethkrs. . 

Cyanurate of Lead, Cy®Pb*0« + 2aq., is produced when a boiling solution A 
cyanuric acid is mixed with a hot solution of neutral, or better, of basic acetate hsi^'. 
1^ the salt then separating after a few seconds in the form of a pulrcruloflt 
cipr^. It is also produced when recently precipitated carbonate of leadrisMRed 
with a large excess of cyanuric acid. In the mass, it exhibits a pale yellowish colour. 
Under a strong magnifier, it is seen to consist of transparent prisms with obliquily 
terminal faces, often united in twins or in fem-Iike groups. It begins to give off 
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1 240^ 0. ; bat the last portions do not go off till the salt is raised to a higher tom- 
Slroture, at which also ammonia begins to escape. When still more strongly heated, 
Vh'aves pure protoxide of lead ; when heated in a stream of hydrogen, it leaves 
riietallic lead, a large quantity of cyanide of ammonium being formed at the same time 
together with urea. (Wohler.) 


Cyanurale of Methyl . ) CyiNumo Ethers. 

Cyanurate ofFhenyL) 

Cyanurates of Potassium. — The monopotassic salt^ Cy’H^KO*, is obtained by 
mixinc a boiling saturated solution of cyamiric acid with a quantity of potash not 
Buffieieut for eoinplete neutralisation : it is then deposited in shining cubes. It is also 
vrecipitated on adding acetic or nitric acid by small portions to a strong aqueous solu- 
tion of eyanate of potassium. Campbell (Ann. Ch. Farm, xxviii. 62) prepares it by 
roasting feirocyanide of potassium in an open vessel, digt^sting the product with a small 
quantity of water, precipitating the cold solution w'ith hydrochloric acid, and cr}’stal- 
lising the precipitated cyanurate from boiling water. It is sparingly soluble in water, 
und the solution has an acid reaction. 1 at. of this salt ignited with 2 at. hydrate of 
potassium, yields 3 at. eyanate: CyiPKO^ + 2KHO = 3CyKO + 2H‘'0 (Liebig). 
The crystals, wlien fused, are resolved, without blaekening, into eyanate of potas.siiiin 
and cyanie acid vapour, which condenses as cyamelide : Cy^H^’KO* = CyKO + 2CyHO. 
(Liebig and W d li 1 er. ) 

Tlic dipoiassic salt, Cy^HK^O*, is precipitated on adding alcohol to a solution of the 
preceding salt in caustic potash. It crystallises in white needles: its solution has an 
scid reaction, and decomposes after some time into potash and monopotas.sic (yaiiurate. 
Acetic acid added to the solution also throws down the moiuipotassic salt, so likewise 
does a small ciuaiitity of nitric acid, but a larger quantity precipitates cyaiiuric acid. 
The ilipotassic salt k decomposed by heat, like the monopotassic salt, into cyamelido 
and eyanate of potassium : Cy'^IIK^'^O* = 2CyKO + CyHO. (Liebig and Wohler.) 


Cyanurates of Silver, — T\\q diargentic salt, Cy’HAg^O* is obtained: — 1. By 
adding recently precipitat(‘d carbonate of silver to a boiling solution of c^nuric acia, 
in such proportion as not to saturate it completoly. — 2. By mixing a boiling solution 
('1‘ cyanurie acitl wdtli acetate of sodium, and adding this mixture, drop by drop to a 
dilute boiling solution of nitrate of silver, in .such proportion as to leave the latter in 
i'X(‘es.s — otljcrwise tlie precipitate will be mixed with an insoluble double cyanurate of 
silver and sodium. — 3. By adding a solution of cyanurate of ammonium drop by drop 
to a boiling solution of nitrate of silver, the latter being kept in exccm — 4. By mixing 
a hot solution of acetate of silver with a boiling solution of cyanurie acid. This last 
process yields the purest product The presence of free aeetic acid in the solution of 
till* silver-salt docs not interfere with the result, as (y^anurate of silver is not deeom- 
]K)sed by acetic acid, even when concentratrd ; but it is completely decomposed by 
dilute nitric acid, and is consequently not precipitated on adding cyanurie acid to 
nitrate of silver. 

Diai’gentic cyanurate is colourless, crystalline, insoluble in water, and blackens 
wlieii exposed to light. When examined by the microscope, it appears to be composed 
of transparent rhombohedrons. At 200^^ C. it neither loses weight nor changes colour ; 
at a higher temperature, it acquires a cinnamon colour, but does not diminish in weight 
by more than a few thousandths. At a still stronger heat, it emits a strong odour of 
cyanic acid, acquir(*.8 a deep violet colour, and finally leaves a residue of metallic silver. 
In an atmosphere of hydrogen, it is reduced to an argentous salt, even at 100® C. It 
dissolves in nitric acid, but is decomposed at the same time, yielding free cyanurie 
acid. (Wohler.) 

The triargmtic salt, Cy*Ag*0*, is obtained by adding nitrate of silver to a boiling 
solution of cyanurie acid in excess of ammonia, boiling the precipitate with the liquid 
for a quarter of an hour, then filtering, and washing with hot water. (Liebig.) 

It is snow-white, and does not blacken when exposed to light ; the microscope shows 
it to consist of small prisms. It is insoluble in water, very slightly soluble in dilute 
nitric acid. When dried at 100® C. it retains at. water (2Cy’Ag*0* + aq.), which 
it appejirs to retain till heated to 300® C. The anhydrous salt absorbs water greedily 
from the air. 

According to Wohler, the salt gives off ammonia when heated, partly below 100® C., 
felt the gre-ater part between 100® and 300® 0. ; also when digest^ with potash ; 
hence Wohler supposes that the precipitated salt consists of Cy*Ag*0*.NH* ■+ . ^ aq. 
According to Debus, however, potash does not eliminate ammonia ftom it, except at a 
very high temperature. 

Cymurate of Argentammonium, Cy'’H(NIPAg)'0* is obtained by digesting diar- 
gentic (yanorate wi^ caustic ammonia, whereby it is altered in appearance, bat does 

va 
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not dissolve. The product begins to give off ammonia at 60® C., and between 200^ 
and 300®, is completely reduced to diargentic cy^urate. 

Cyanurates of Silver and Ammonium. — ^The liquid Altered from the precipitate of 
triargentic cyanurate obtained as above, deposits, on cooling, a white powder consisting 

of Cy« yihich may be washed and dried at the temperature of the 

air» The same salt is obtained by boilii^ together the solutions of ni^ate of silver 
and cyanurate of ammonium. It crystallises in very slender microscopic prisms. It 
gives oflf ammonia when treated with potash, also when heiited to a temperature below 
lOO*^ C. Heated for two hours to 250^0., it gives oif ammonia and water, and leaves 
tlio salt Cy*[n*(NU")Ag*]0", which, at a stronger heat, assumes a violet colour and 
fiimes strongly. Wolilea* likewise obtained another salt, which, after drying over 
sulphuric acid, contained 41*4 p. c. silver. It was soluble in hot dilute ammonia, and 
separated therefrom on cooling. 

Cyanurate of Silver and Lead, Cy'AgW'O* + 2aq.— When cyanurate of lead is boiled 
with a large excess of nitrate of .silver, till its appearance is quite altered, a is 

obtained, containing a large pro}>ortion of lead, the double salt remaining on the filter. 
The latter, after drying at 100° C., yields, when reduced by hydrogen, 69*64 p, c. 0^ 
an alloy consisting of 45*94 p. c. silver, and 23*70 lead. (Wohler.) 

Cjitmurale of Silver and Potasshm. — Diargentic cyanurate boiled with ■caxurHi^. 
potiisli is not decomposed, but takes up potassium, forming a double salt which medtil 
and decomposes when heated, leaving a residue of cyanate and carbonate of ^tassium, 
together with 60 p. c. silver. The salt Cy*Ag'‘*KO* should leave 65 p. c. silver: th/B 
product probably contained unaltered diargentic cyanurate. (W ohlcr.) 


Cyanurate of Sodium, — Unciystallisable, very soluble in water. 

Cyanurate of Ureal — 13y dissolving cyanuric acid in a boiling saturated solution 
of urea, and cooling the liquid, delicate needles aro obtained. (Kodweiss, Pogg. 
Ann. xix. 11.) 

CYAfirraxC ETRBRS. (Wurtz, Compt. rend. xxvi. 368; xxvii. 341; Ann. 
Ch. l^jys. [3] xlii. 43; 1. 120. Limpricht, Aim. Ch. Pliarm. Ixxiv, 208. Limpricht 
and Ilabich, ihid. cv. 395. Gerhardt, Compt. chim. 1850, p. 391.) — Three of those 
compounds are known, analogous in composition to the trimotallic cyannrates, and one 
analogous to the dimetallic cyanurates. They are crystalline solids which distil without 
decomposition, and react with alkalis in the same mauner as the cyanic ethers, yielding 
an alkaline carbonate and an amine. 


Cyanurates or Ethyl. — a. Triethylic Cyanurate, Neutral Cyanuric ether, 


TriethyUtrkarbonyUtHamide^ ^*]^II*)®* — 

pound, discovered by Wurtz, is obtained by distilling a mixture of cthylsulphate ai^ 
cytmato or cyanurate of potassium ; or by heating cyanate of silver, either neutraf cir 
acid, with iodide of ethyl to 120° C., and lastly, by molecular transformation of the 
cyanate in contact with triothylphosphinc. (Hofmann, Cliem. Soc. Qu. J. xiii. 
322.) 


When a mixture of equal parts of ethylsulphate of potassium and dipotaasic 
cyanurate (p. 291) is heated in a retort, cyanurate of ethyl distils over, together with 
carbonate of ammonium, ethylainine, cyanide of ethyl, and other secondjiry products, and 
condenses in the neck of the retort and in the reccivcT, as a crystalline mass, which 
may be purified by repeated crystallisation from dilute alcohol. — On distilling the 
ethylsulpnate with cyanate of potassium, an acrid liquid distillate is obtained, consist- , 
ing of cyanurate and cyanate of ethyl (p. 19»5). Tlie latter, which is very volatile, 
be distilled off at 60° C., and the crystalline cyanurate which remains may he 
by recrystalHsution from alcohol. This process, accordiilg to Wurtz, is easier 
former. 

Triethylic cyanurate crystallises in trimetric combinations, ooP . ootop 
clination of coP ; ooP css 128® ; Poo : Poo over the principal axis » 9|i||^4f. 
axes, a', b \ c » 0*4877 *. 1 : 0*9407. It melts at 96® C. to a colourleS0^8q^d 
than water, volatilises easily with vapour of water, and boils without cfibiatip 
235® 0. Vaiwur-density, obs. = 7*4; calc. (2 voL) « 7*37. It is slightly sblaii 
water, easily in alcohol and ether. The solutions are perfectly neutral. f)om the \ 
alcoholic s(;lution, it is precipitated in the crystalline form by water. 

Triethylic cyanurate dissolves easily and without decomposition in acids, , 

concentrated nitric acid. It is not altered by heating with pentacMoride 

« WtfhJer, reirarding cyanuric add ai dihatlc, gave Tor thii salt the formula! i 
or JgO.C^^Ag-HO^ + NlJ*0.di^{,NWy^HU*, 
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Aonu. It i» aecflmpostd b 
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(C»H‘V, 

Triethylic 

cyaniirate. 


boiling with alkalis^ the uUimiite products of the reaction 
)iiate of the alkali-metal : 




K‘) 

H«J 

MyilnttA of 
liotHSbldm. 


Carbon.'ito fif 
pot..8siiiin. 


Kthytamfne. 


Intermediate products are, however, formed, which are obtained in the greatest degree 
of purity by heating the cyanurie other wit h baryta-water. (Carbonate of barium then 
separates, and on removing the excess of biir^-ta from the solution by means of carbonic 
acid, there remains a liquid sparingly soluble in water, easily in alcohol and ether, and 
composed of (Limpricht and Habieh.) 

C*Hi5N»o> + 2EaHO = Ba^CO? + C^H^N^O^. 


This body heattd to 170° — 200° C. is resolved into cyanate of ethyl and diethyl- 
carbamide, the bitter distilling over at 250°. 


CTl>»N-0" = CWNO + C^H'WO. 

CyatinUt of Dietiiy l- 
ethyl. carbamide. 


* Cyaniirate (and sometimes also cj^anate, p. 196) of ethyl, heated with dry ethylate 
of sodium,, yields, together with etliylone, a distillate containing alcohol, ethylamine, 
and hydrate of triethyl-earbotriamine, -= N^[C‘'.(C-H')MP].II*0 

(Hoffmann, Compt. rend. lii. 1290). The formation of this compound may be repre- 
sented by the equation, 

091116^80® + 4(C2H»Na.O) « 2Na*CO’ + 4C*H< + C'H^»N®0. 

Tim formation of Limpriebt’s compound, C"H*’N*0*, of hydrate of triethylcarbotriamine, 
and of ethylamine (3 at.) from triethylic cyanurate, may be supposed to take place by 
the successive subtraction of CO- and addition of H-0. 

Tctrachloro-tricthylic Cyanurate^ C®1I*'CBN®0®, is produced, with elimination of 
hy<lrf)cliloric acid, wlien trietliylic cyamirato is heated to 15()°C. in dry chlorine gas. 
It a liard solid body, perfectly transparent, hut rarely crystalline ; midi's to a mobile 
liquid when heated ; and may b« distilled without decomposition. Its alcoholic solu- 
tion mixed with alcoholic potash, even in the cold, yields chloride and carbonate of 
potassiiinj, together with the compound CTI'*CBNW, which, when the excess of alcohol 
has been removed by evaporation, remains as a viscid mass. (Limpricht and 
’ Hahich.) 


Diet hylic Cyanurate^ Didhylcyanuric acid,, Cyanunc ether ^ » 

■Y^j^\Y^^Y^O^\i^vDicthyl-iricar}Hmyl’iri^^ *= II (C^n^)'*' | compound is 

chained, together with the preceding, by distilling a mixture of cyanurate .and ethyl- 
sulphate of potassium. It pas.sc8 over when the heat is raised, towards the end of the 
distillation, and remains in the mother-liquor after the triethylic cyanurate has crystal- 
lised out ; but on evaporating this mother-liquor to dr 3 mess, boiling the residue with 
baryta-water as long as volatile hase.s are given off, removing the baryta with sul- 
phuric acid, and leaving tho filtrate to evaporate, the dicthylic cyanurate separates in 
ci^'stals (Limpricht). — Wurtz obtained this compound in the preparation of diethyl- 
carbamide. 

Diethylic cyanurate crystallises from alcohol in rhomhobedrons, or in six-sided 
prisms with rhombohedral summits. It melts at 173° C., and volatilises without de- 
composition at higher temperatures. It is easily soluble in alcohol, cth,€r, and koi water, 
me aqueous solution having an acid reaction. It dissolves readily also in alkalis, but 
not form definite salts with them. It does not alter in weight when immersed 
■ ill ujwwjoTitfl or in hydrochloric acid gas. When heated with potash, it gives off 
**^^^^^* decomposes it in like manner at a temperature 

" ^ of Silver, C’'H*®AgN*0®, is precipitated in white needles on mixing 

to i^nioinaeil^^ of the acid with nitrate of silverk Dkthyl-cymurates of mer- 
and lead, are obtained in like manner. The lead-salt distilled with 
wjylsulphate of potassium, yields triethylic cyanurate. (Li mprich t and H abich.) 

ptAKXJBATB OF MeTHYL, C«OTB[® 0 »-= 




Pr^MKTed, like triethylic cyanurate, by distilling methyl-sulphate of 
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potassium with cyanurate or cyanate of potassium, and purified by czystallisatiou ftom 
alcohol It is likewise formed by molecular transformation of methylic (^auate when 
kept in sealed tubes. It forms small, colourless, opaque prisms, which mAt at 
176 ° C., and boil at 274 ® (higher than the ethyl-compound). It is insoluble in cold 
water, slightly soluble in hot water, easily in alcohol. Vapour-density (obs.) «« 5-93 
(cal. 2 vol. = 5*94).— Boiled with it yields methylamine. (Wurtz.) 

Cyanubatb op Phknyl, = Cy*(C®Il*)*0*. Produced by molecular 

transformation of the cyanate (p. 197), in contact with triethylphosphine. The mix- 
ture on cooling solidifies to a mass of shining crystals, which ore insoluble in water, 
nearly insoluble in ether, and dissolve with difficulty in alcohol, even at the boiling 
heat. (Hofmann, Chem. Soc. Qu. J. xiii. 322.) 

CTAiriTRXXff. This name is applied to a pathological bine deposit, sometimes 
found in urine ( 3 '. v.) 

CYANTL. This name is applied by Boutin (Compt. rend. x. 452 ; xi. 820) to \ 
product which he obtained, together with aloctic, chrysammic, and piciic acids, by 
oxidising aloes with nitric acid. He describes it as a colourless liquid, smelling like 
prussic acid, insol ublo in water, heavier than water, distilling without decomposition 
at a high temperature, and very poisonous. 

CYATTT&XC ACIB. CWIPO* (Liebig, Ann. Ch. Pharm. x. 32.) An acid 
isomeric with cyanuric acid. It is obtained by dissolving mellone in boib'ng nitric 
acid, either dilute or concentrated, leaving the solution to cool till it crystallises, free- 
ing the crystals from nitric acid by cold water, and then reerystallising from hot water. 
Cyanuric acid is often mixed with the product, but always crystallises out first. 

The acid crystallises in combination witli water, in long, transparent, colourloss, 
rhombic prisms, or in broad laminae having a pearly lustre. 

The crystals effloresce when exposed to the air. The acid, like cyanuric acid, vola- 
tilises in the form of cyanic acid when heated. — By solution in strong sulphuric acid, 
and precipitation by water, it is converted into cyanuric acid, and no longer exhibits 
the pearly lustre above mentioned, after crystallisation from water. It dissolves in 
waUr somewliat more readily than cyanuric acid ; and the hot saturated aqueous so- 
lution solidifies almost wholly in a laminated mass on cooling. 

All the CyanylaitSy e. g, those of the fixed alkali-metals and alkaline-carth-mctals, 
are completely decomposed by the stronger acids, so that as the liquid cools, the 
cyanylic acid crystallises out in the free state. 

Cyanylic acid neutralised with ammonia, forms with nitrate of silver a white, 
tumefied precipitate, which after drying is pulverulent, amorphous, and contains 45*36 
per cent, of silver; but the precipitate obtained with cyanylate of potassium has the 
composition of cyanurate of silver, probably because the potash converts the cyanylic 
acid into cyanuric. 

CYCXiAMSia’ BUROPJETTM. Sow-bread. — A small plant of the priinulaceous 
order, forminjj flat round tubers, which, in addition to the ordinaiy constituents ol 
plants, contain, according to Saladin, arthanitin (i. 412), according to l)e Luca, 
cyclamin and mannite. The juice of the tubers is harmless to most animals, 
though 8 m.all fishes die when immersed in water containing onlyg^^o^ to of it; but 
when introduced into the blood it acts as a powerful poison, like eurara, only not so 
strongly (Bernard); bromine is found to bo an antidote to it, as well as to eurara. 

CTCXiAMXIf. A non-azotised glucoside, extracted from the tubers of Cyclamen 
mrapmmf, and constituting the poisonous principle of that plant. Saladin (j. Chim. 
med. vi. 417) obtained from Hadicea arihamt<B, the officinal roots of Cyclamen euro- 
paum, an impure substance called arthanitin or cyclamin (I 412), but the substance 
to which the latter name is now applied was first prepared by De Luca (Cimento 
nxiavo, V. 225 ; viii. 182) and Martius (Buchner’s N. Repert. [1859] riii. 388). 

The tubers, cleansed and cut in pieces, are macerated for about six 
weeks with rather less than their own weight of rectified spirit, in the dark and in a 
cool place, then pressed ; the residue again treated for about a month with a some* 
what smaller quantity of alcohol ; and the second residue again submitted to the 
same treatment. On filtering off the alcoholic liquid, a gelatinous substance remainf, 
which is to be evaporated over the water-bath in the dark, and then exhausted with 
alcohol. The filtered solution left to evaporate in the dark, leaves cyclamin in sm^ll 
amorphous lumps, which may bo washed with cold alcohol and dissolved in boillnjf 
alcohol ; the solution on cooling deposits cyclamin. 

-Cyclamin is a white, amoxphoiis, neutral, inodorous substance, producing, 
after a short time, a veiy irritating sensation in the throat It turns brown when ex* 
posed to light, absorbs water from moist air to the amount of about hjilf its 
and sweUsup. In contact with cold water, it is converted into a translucent glutiUCrtis 
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mlistlnce, which dissolves slowly, forming a hqnid which has a slight optical 1 »to- 
rotatoiy power, froths when agitated, and coagulates like white of egg at 60®— 76® C. ; 
the coi^pilnm redissolves when left for some days in the cold, and is reproduced on 


^*^The^formula of oyclamin is not yet fixed. De Luca deduces from his own analysis 
the empirical formnla nC*H*0 ; Martius, from Klinger’s analysis, calculates the for- 
mula ♦ 


Calculation. 


AnalyBCS. 


Carbon 



C*H^O 
. 64-5 

Hydrogen . 

. 

. 

. 9*1 

Oxygen 

• 

• 

. 36*4 




100*0 


C**H»‘0'* 

De Luca. Klinger. 

6o‘2 

64*5 

65*2 

7*8 

9*1 

7*8 

37 0 

36*4 

37*0 

100*0 

100-0 

100*0 


Cydamln dissolves readily in alcohol at a gentle heat, and separates again in the 
amorphous state on cooling or evaporation ; it is insoliilde in wood-spirit, glycerin, 
ether, chloroform, sulphide of carbon, volatile oils, and alkalis. 

A solution of cyclamin exposed to light in a sealed tube, d(*posits a wliite amorphous 
substance, which redissolves at a moderate heat. Moist oyclamin produces a largo 
crop of cryptogamoua plants, among which is a new alga, Hygrocrocia Cyclamina, 

The aqueous solution of cyclamin absorbs and bromine, and is coagulated 

thereby witliout colour ; noitlior is it coloured by iodine. Hydrochloric acid dissolves 
it in the cold, and coagulates it at about 80® C. with formation of sugar. Strong sttl‘ 
'jihurio acid forms with it a yellow liquid, which turns violet after a while, and yields 
a wliite precipitate with water. Acetic acid dissolves it in the cold, and does not 
coagulato it when heated. Nitric acid decomposes it in the cold, and more quickly 
when heated, forming acid products which have not been examined. Fused with 
hydrate of potassium, it gives oft' hydrogen and forms a peculiar sjiaringly soluble acid. 
Cyclamin does not reduce an alkaline solution of cu/mc tartrate. It does not ferment 
with yeast. Synaptase at 30® — 36® C. decompo.ses it, forming a solution which con- 
tains a non-fermentable sugar (De Luca). According to Martius, cyclamin boiled 
with dilute acids takes up water and is converted into glucose and eye lam ire tin, a 
body not examined ; 

C20JJ34OI* + 211*0 = C«I1**0* + 


CTCX.AMZRETnr. See above. 

CYCZfOPZTS. A felspathic mineral, discovered by Waltcrshausen in the dole- 
rite of a cyclo])ian rock, near Ciitaiiia. It forms very small, white, translucent, lozenge- 
shaped prisms belonging to the trimetric system, the form of which closely resembles 
that of Anorthite and I^ibrador. The mean of two analyses gave : — 

SiO* AFO* Fe*0» CaO MgO Na-0 K*0 IT*0 

41*46 29*83 2*20 20*83 0 65 2*32 1*71 1*91 -= 100*90 ; 

hading to the formula 3(2M’O..SiO*) -r 2(2AFO*.3SiO*) or 3A/O.0{O* + 2(Al^O\^iO») 
(.Tahresber. f. Cheiii. 1853, p. 811), If in the first formula (AI'*Al*Si®0®“) we sut)- 
stitute at ~ ? Al, it becomes SM^aFSFO'* which is reducible to that of an orthosilicate. 
K\8iO*. 

CYMEOTor CYMOE. Qpnin, Camphogen, Hydride of 

Cym.yl or Tkymyl. — A hydrocarbon discovered in 1840 by Gerhardt and Cahours 
(Ann. Ch. Phys. (3] i. 102, 372; Ann. Ch. Pharm. xxxviii. 101, 345). It occurs, 
together with liydrido of cumyl, in the volatile oil of Roman cumin, obtained from Cumi- 
muii (Gerhardt and Cahours) ; in the seed of the water-hemlock, Cievta 

rwa (Trapp, Ann. Ch. Pharm. cviii, 386); in oil of thyme (Lallemaud, Ann. Ch. 
Ihys. [3] xlix. 156); and, according to Haines (Chem. Soc. Qu. J. viii. 289), in the 
voLitile oil of Ptychotis Ajowan ; according to Steuhouse, however, this oil contains, not 
cymene, but a camphene, C‘*H"*. 

formation . — By the dehydration of common camphor with phosphoric anhydride 
(Delalande, Ann. Ch, Phys, [3] i. 368) or with chloride of zinc (Gerhardt) ; 

C«H'»0 « C*®H** + H*0. 

Camphor. Cymene. 

action of hydrate of potassium on eymylie alcohol {Kt eixit. Dissertation 
•wrr Chiminol und C^en, Gottingen, 1864). — 3. By the action of iodine or nitric acid 
(Hirzel, Zeitschr. Pharm. 1854, pp. 23, 67 ; 1866, pp. 84, 181; see 

* In Martius* paper the formula is probably a mitprinL 
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also Wobms®bd-ojl).— 4. By the dry distilliition of coat, pjuwing orer, ^rtly ih the 
lighter, but more abundantly in the heavy oil of coal-tar. The latter fields it byieo. 

tification between 170^ and 180° C. (Mansfield, Chem. Soc. Qu. J. i. 244) 5 , jy 

treating caouichin or oil of turfcntme with bromine and sodium alternately (Q-y 
Williams, Phil. Mag, [4] xxxii. 15).— 6. By the action of moist carbonic acid gas at 
a red heiit on oil of turpentine, an oil is produced having the composition of cyniene 
(Deville, Ann. Ch. Pbys. [2] Ixxv. 66): 

+ CO* = C*«H‘^ + H*0 -t- CO. 

7. Oil of wormwood distilled with phosphoric anhydride and then with potaaslum 
yields an oil isomeric, if not identical, with cymeno. 

Preparation. From oil of Roman cumin. — When this oil, which is a mixture of 
cymene and hydride of cumyl (p. 182), is distilbHl, tlie cymene passes over first. It 
cannot, however, be obtained quite pure by simple distillation, as a portion of the 
hydride of curnyl alwmys j)asses over with it ; the separation may, liowever, bo effected 
by rectifying the fii'st portions of the distillate with melting potasli, which takes up 
the hydride of cumyl, converting it into eliminate of potassium, and allows the cymeno 
to pass over free (No ad, Phil. Mag. [3] xxxii. 15). A bettor mode of separation is 
to shake up the oil with a .strong .solution of acid sulphite of potassium or sodium, 
which unites with the hydride of cumyl, forming a crystallino compound and leaves 
the cymene free (Kraut, Bertagnini). Noad obtained 7 oz. of cymene from 1 lb. 
of oil of cumin. — 2. In like manner cymene may be obtained from the oil of waters 
hemlock seed, liy separating the hydride of cumyl by means of acid sulphite of sodium, 
pressing the oily residue, and distilling. — 3. From campJmr, it is obt.ained by distillation 
with phosphoric anhydride, or better, with flised chloride of zinc. A few pieces of this 
substance are placed in a capacious retort, and heated till they melt into a pasty mass. 
The camphor is then added by small portions, whereupon the mixture swells up and 
blackens, and a liquid passes over containing a considerable quantity of camphor, from 
which it may be freed 1)y a fresh dlstiUatioii over chloride of zinc. This process yields 
a considerable quantity of cymene with the use of a comparatively small quantity of 
chloride of zinc. 

Vropertm. — Colourless strongly refracting liquid, having a very agreeable odour 
of lemons ; that which is prepared from camphor has a somewdiat camphorous odour. 
Specific gravity = 0*857 at (Noad); 0'861 at 14® 0. (Gorliardt); 0*RC78 at 

12 C., and 0*8778 at 0®O. (Kopp). It boils at 171 '5® C. (Noad) ; 175®C. (Ger- 
hardt and Cahours); 177*5® C. (Kopp). Vapour-density 4*59 to 4*70 (Gerhardt 
and Cahours), by calculation (2 vol.) « 4*64. It is permanent in the air, insoluble 
in water, but dissolves readily in alcohol, ether, and oih, both fixed and volatile. 

Decompomiions.- -1. Cymeno is not attacked by strong sulphuric acid in the cold, 
but fuming sulphuric acid dis.solves it, producing cymyl-sulphurous acid, SO*.C**JT'MI. 
— 2. Nitric add of ordinary strength does not attack it in the cold; but on heating 
the mixture, rc*d vapours are evolved, and the cymene is ultimately converted iiik 
tcluylic, and ultimately into nltrotoluylic acid. With fuming nitric acid the action is 
veiy violent, and a yellow resin is formed at the same time (Gerhardt and Cahours). 
If the nitric acid and the cymeno are carefully cooled by immersion in a mixture of 
ice and salt, and the cold cymene is then added by drops to the nitric acid, nitrocymene, 
G'*H'*(NO*) is produced (Barlow).* A mixture of sulphuric and nitric acid converfa 
it, with aid of heat, into dinitrocymene, 0‘®1P*(N0*)* (Kraut, Ann. Ch. Pharm. xcii. 
70). — 3. Caustic potash has no action on cymene. — 4. Chlorine and bromine attack it 
in the cold, forming chlorinated and brominated compounds which are decomposed by 
distillation (Gerhardt and Cahours. — 5. Chromic add converts it into insolinio 
acid, C*11®0^ (Hofmann, Ann. Ch. Pharm. xcvii. 197) : 

C‘*H« + 0* - C*H»0« + CO* + 3H*0. 

Derivatives of Cymene* 

Nithoctmbnb. C’*H'*N0*. When cymene cooled by a freezing mixture is cautiously 
dropped into nitric acid likewise cooled, the mixture first turns &own, then green, and 
at length ac<iuires the consistence of cream ; and by washing it with water, and after- 
wards with dilute carbonate of sodium, nitrocymene is obtained as a redish-brown, 
oily liquid, heavier than water. It is not altered by contact with the air, but when 

• In the prepeffttlon of cjmidine by the Action of ferrous acetate oit nitrocymene (p. *97), 

Barlow likewise obtained an oil Insoluble in hydrochloric acid, and exhibiting, after repeated distillation, 
the composition and boiling point (175°) of cymene. It differed however Iroin ordinary cymene In this 
respect, that the nitrocymene obtained from it by the action of nitric acid floated on water, whereas 
ordinary nitrocymene is heavier than water. For this reason Barlow distinguishes the cymene and 
nitrocymene thus obtained as a<crmene and a-nltrocymcnc, Further mvesilMtlon is however rcQulred 
(o establish toe distinction. 
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■ Vptilled it yields an oil which floats on water. By the action of ferrous acetate it is 
converted into cymidino, (Barlow, Ann. Ch. Pharm. xcnii. 245.) 

Dixitroctmbnb. C'®JI‘‘(N0'*)‘*- When c^ene is added drop by drop to a mixture 
of 2 ptJ^. strong sulphuric acid and 1 pt. fuming nitric acid heated to about 50® C., and 
water added after the mixture has been left to itself for an hour or two, a liquid is dejKjsited 
wliich solidifies after a while ; and on dissohdng this product in boiling alcohol, the 
uiierystallisable portion is deposited ou cooling, and dinitrocymcne crystallises out on 
evaporation. It forms rhombic, iridescent tablets, melting at 54® C,, soluble in alcohol 
and ether, insoluble in water. Prom saturated solutions, it is deposited as an oil. 
When heated in the air, it decomposes with deflagration, leaving a residue of charcoal 
(Kraut, Ann. Ch. Pharm. xcii. 70.) 

CYMBKBf BROMIDE OF. C'®IT’^Br* or perhaps C’'’ir*Br.TTBr. Whonoymene 
Is iiiix('d with water and bromine till the colour of the latter disappears, and the pro- 
duct is washed with soda-solution and with water, bromide of cynuMie is ol)tained, as a 
truusparent, colourless, oily liquid, insoluble in water, and but slightly soluble in alcohol. 
]t turns yellow by keeping, giving off* hydrobroniic acid. It cannot be distilled with- 
(>ut dccoTuposition. When boiled with alcoholic potash, it yields a colourless oil, very 
nuicli like cymene; perhaps (Sieveking, Ann. Ch. Pharm. xeviii. 245.) 

CTMEEE, CBDORXBfi OP. C'®1I‘^CP or perhaps C**II'*CLIIC]. Obtained by 
passing chlorine gas into water on which cymene floats. It resembles the bromide. 
iMimiug sulphuric acid decomposes it, with evolution of hydrochloric acid, forming a 
red-brown mass, which when diluted with water forms a solution of cymyl-sulphurous 
acid. (8 i evoking, /cc. «/;.) 

Wlicn cymene is repeatedly distilled in diy chlorine gas, hydrochloric acid is evolved, 
and an oil containing 107 p. c. chlorine passes over between 170® and 230® C. 
(Sieveking.) 

CYMEEE-SUIiPHU’RXC ACID. Syn. with Cymyl-sulphi:boU8 acid (p. 298). 

CYMID. Ldwig's name for cymyl, C*®H**. 

CYMZBISY^:. := (''*'1P^(NIP). — Barlow (Phil. Mag. [4] x. 454), 

This base, is<uaeric with nionocymylaruiiie, is obtained by (li.stilliiig nitrocyniene with 
iron-tlliiigs jiiid acetic acid, Uus mixture being made up to n stiff paste. A distillate 
of cunipb x cluiracter is then obt.'iincd, n eonsi«lerable portion of which is insoluble in 
li\di'ocJiloric avid, l^'rom the portion vvliich dissolves in that aci<l, stxla throws down 
cvinidiiir, whicdi, after agiUition with oUht and evMj>oration of the etluireal solu- 
tion, separates as a brown oil, wliich cannot be distilled without alteration, except 
in an nlinosjihere of hydrogen. Boils at 250® C. It is slightly soluble in water, easily 
in ti/rohol and ether. 

Cyinidiiie is a iolently attacked by nitric acid, and on adding soda to the liquid, 
a sunii-solid substance is separated, lirumhie acts but slightly on cyniidine, iodine 
nor at all. ChlorUIr of cijamxjni appears to form with eymidine a base corresponding 
to nielaiiilinc. Chloride, of benzoyl forms, with cyniidine, small crystals probably 
consisting of beiizoyl-cymi{iino. 

IhjdruchloTotc of Cymiditic, (■'‘'TT'-'^N.IICl, is formed by mixing the base with strong 
hydrochloric acid, as an oily layer, wliich crystallises on agitation or (U’aporation. 
It vobnirs deal-sliavings yellow, hut does not exhibit any particular reaction wdth 
hypovblorite of calcium. Its solution colours the skin red. 

Chloroplntinate of Cymidinc, 2(C"'H’^.HCl).PtOJ*, is yellow, sp.nringly .soluble in 
water, more soluble in alcohol, and still more in ether. The chloro-aiiraie is yellow, 
crystal line, sparingly soluble in water. The sulphate and oxalate of eymidine are 
white, crystalline, soluble in water. 

CYMZir. Syn. with Cymenk. 

ACZD. Syn. W'ith Cuminic acid. 

CYMO«GXiTCOE. Syn. with CuMO-GtYCot. 

CYMOXi. Syn, with Cymene. 

CYMOPBAXrs. Syn. with Chrysobrryi. (i. 958). 

CYMYXi. The radicle of cymene, cymylic alcohol, &c. The chloride 

is produced by passing hydrochloric acid gas into cymylic alcohol (Rossi), 
perhaps also by the action of chlorine on cymene; the bromide also by the action of 
womine on cymene. (Sieveking.) 
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CTMnrXABKnrBB. (Rossi, Compt. rend. li. 570.) Ammonia^bases containing 
1, 2, or 3 at. cymyl in placo of hydjwgen; pj^uced by the action of ammonia on 
chloride of cymyl ; monocymylamine is isomeric with cymidine. 

When a mixture of chloride of cymyl and strong alcoholic ammonia is heated for 
some hours in a sealed tube placed in the water-bath and then left to cool, sal, 
ammoniac separates, together with a few drops of oily tricymylamine. The liquid 
61tered and evaporated leaves a crystalline residue consisting of the hydrochlorales 
of cymylamine and dicymylamine, mixed with oily tricymylamine, which may be dib- 
solved out by oilier, and remains, after evaporation of the ether, as an oil which may 
be made to crystallise by agitation.— The by drochl orates of the (ither two bases are 
separated by fractional crystallisation from water, the hydrochlorate of dicymylamine 
being much loss soluble in water than the cymylamine-salt. The bases arc separated 
from the hydrochloratcs by distillation with potash. 

Cymylamine. — Monocymylamine, Ciimina7ni7ie primaire 

(Rossi). A colourless oily liquid which dotis not solidify in a mixture of ice and 
salt. Volatile at ordinary temperatures ; begins to boil at about 280° with partial 
decomposition. 

Hydrochlorate of OymyUrmme crystallises in nacreous rhombic laminae, very soluble 
in water and in alcohol. The cldoro-platbuite forms orange-yellow laminae, slightly 
soluble in boiling water, moderately soluble in alcohol. 

Dicymylamine, — Cuminamine aecondaire. Dense, 

colourless, oily liquid, beginning to boil with decomposition above 300® C. Insoluble 
in water, soluble in alcohol and ether. The hydrochlorate crystallises in needlei 
slightly soluble in cold water. — The chloroplatinate is sparingly soluble in cold water, 
and crystallises from ‘alcoholic solution in small roseate needles. (Rossi.) 

Tricy mylamine, = N.{C*®H**)*. — Ciiminamine tertiaire. Crystallises in 

small rhomboidal lamiiue, which melt at 81® — 82® C. Insoluble in water, very soluble 
in ether and in boiling alcohol, slightly in cold alcohol. It does not affect the colour 
of litmus. The ky drochl orate, which crystallises in needles grouped in crosses, is 
nearly insoluble in water, very soluble in alcohol. — The chloroj)lathiate cr^'stallises 
with difficulty ; the fUcoholic solution deposits it as a viscous mass which solidifies on 
drying. 

CTMTB-BITBXOirXC ACXB. Syn. with Cv^itl-sulphurous acid. 

Cim i Yl iXC AXiCOHOB, == Hydrate of CymyL Cvmimo 

Alcohol. (Kraut, Dissertation uhtr die Derivate dcs Cnminoh und des Cynuns. 
Gottingen, 1851. Ann. Ch. Pharm. xcii. 60.) — This compound, which is isomeric 
with hydrate of thymyl (oil of thyme), is produced by the action of alcoholic potash 
on hy chide of cumyl : 

2C'«IT*‘0 + KIIO = C*"n”KO* + 

Hydride of 011111111.116 of Cymilic 

cumyl. potassium. alcohol. 

When hydride of cumyl is boiled for about an hour with several times its volume of 
alcoholic potash, in an apparatus wliich allows the condensed vapours to flow back 
Again, the potash is converted into cuminato, and on adding water to the liquid, an oil 
separates, consisting of cymylic alcohol and cyrnene, the latter being produced by 
a secondary reaction (vid. mf). The oil is agitated with acid sulphite *of sodium, 
to separate any remaining hydride of cumyl, then dried and subjected to fractional 
distillation. 

Properties. — Colourless liquid, having a very faint but agreeably aromatic odour, 
and a sharp spicy taste. It boils at 24.3® C. without decomposition, and is not 
acidified by prolonged contact with the air. It is insoluble in water, but soluble in all 
proportions in alcohol and (dher. 

DeconqTOsitions. — 1. Heated with potassinm, it evolves hydrogen and forms a 
granular mass, decomposed by water into potash and cymylic alcohol. — 2. Heated 
with nitric acid, it is converted into cuminic acid. — 3. Strong siUphuric add trans- 
forms it into a resinous brittle substance which becomes semifluid in boiling water.— 
4. By boiling with alcoholio potash, it is converted into cuminato of potassium and 
cyrnene : 

3C'®H»K) + KHO = C»®H»'KO* + + 2H*0. 

It does not combine with tlie acid sulphites of the alkali-metals. 

cnmn-8TOPaTJ3tovaii.cn>. C'»H»so» - CymeM-ml- 

phurio, Cymol^ulphuric, Sulphocymenic, Sulpht)cymylic, Camphogene-sulphuric, Su^hth 
camphic, Thymyl-sulphurons acid. Cymyl-dithionicacid (Kolbe).— 
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This acid, Hwt obtained by Gerhardt and Caboura (Ann. Ch. Phys. [3] i. 106) 
from cyraene, and almost at the same time by Delalande {ihid,A, 368), has been 
further examined by Sieyeking (Ann. Ch. Pbarm. cvi. 267). It is produced by the 
action of finning sulphuric acid on CTOcne, and perhaps also on chloride of cymena 
297). To prepare it, cymene is dissolved in a slight excess of fuming sulphuric 
acid no sulphurous acid being then eAxdved if the mixture is kept cool ; the liquid is 
diluted with water, saturated with carbonate of lead, and filtered ; and the solution of 
cvinylsulphite of lead is evaporated to the crystallising point The aqueous solution 
of tlie crystals decomposed by sulphydric acid and evaporated in vacuo after filtration, 
yields the acid. As the solution of the lead-salt is apt to decompose during evapo- 
ration, and leave a dark brown mass, the solution of which is not decolorised by sul- 
phydric acid, it is better, according to Sieveking, to decompose the barium-salt with 
sulpliuric acid, remove the excess of that acid by carbonate of lead, and the dis- 
solved lead by sulphydric acid. 

The acid is obtained, by evaporating its aqueous solution, in small deliquescent 
crystals. Fuming nitric acid converts it into nitrocymyl-siilphurous acid, the salts of 
which detonate when heated. (Church, Phil. Mag. [4] ix. 25G.) 

The cymylsulphites are all soluble in water. 

Cynuj/finl-phite Baritm, (C‘“H‘^SO*)2Ba'', crystallises with 1, 1 J, and 2 at. water. 
The hydrated salts have a fine nacreous lustre, and a bitter taste, with nauseously 
‘jweet aftertaste. They dissolve easily in water, alcohol, and ether. Tlio aqueous 
solution may be boiled without decomposition. The water of crystallisation is given 
off at 100® C. (Gerhardt and Cahoiirs), at 130® C. (Trapp), not completely below 
170 ® (Sieveking). 

O/myf^iulphite of Ctilcium^ (C“’H'^SO^)*Ca" + 3aq., crysLallises in thin colourless la- 
mime, easilysolublo in water and alcohol, becoming anhydrous at 170®0. (Sieveking.) 

CymyUsulphiU of Cojrper^ obtained by decomposing the barium-salt with sulphate 
of copper. Cry.stallises in fine silky needles, or laminie, soluble in water and alcohol. 
(Sieveking.) 

Oymyl-stilphite of Lead^ (C“’II‘'‘SO*)*Pb" -P 4aq. — Crystallises in nacrecus laminae, 
which give off all their water at 120“ C. (Dolalando.) 

Ci/fftyf’StilphUc of Silver , — On dissolving carbonate of silver in the aqueous acid, 
flnd pvuporating in vacuo, the liquid turns brown and leaves a broivn residue contain- 
ing a low white needle-shaped crystals. (Sieveking.) 

Virmiff^nlphitc of Sodium, C'®H‘*NaSO* + |iiq — Obtained by decomposing the 
l)firiiim-Halt wdtli sulphate of sodium. Crystallises in fine silky needles or laminae, soluble 
in water and alcohol, and giving off all their water at 170® C. (Sieveking.) 

CTNAPIUTE. a poisonous alkali contained, according to Ficin us (Mag. Pharm. 
XX. 3r)7), in fool’s parsley {JEthusa Cynapium), It is said to crystallise in rhombic 
prisms, to hav’e an alkaline reaction, to be soluble in water and alcohol, and to form a 
cry.stallisjiblo sulphate. 

CTNENE. C'*K’"(?). — A hydrocarbon obtained by distilling wormseed-oil (the 
vnlatilo oil of Scmm’Cvntra) several times with phosphoric anhydride, and treating 
jiu' ilistillate with stTOng sulphuric acid to separate a heavy, less volatile oil. Cyneno 
is :i mobile colourless oil, permanent in the air, and having a peculiar odour like that of 
MiM iii.soed. It is insoluble in water, very soluble in ether, and bods between 173® 
and 176® C. Specific gi’avity 0-825 at 16® C. Gives by analysis 88*8 percent, carbon 
and ll ’l hydrogen. It is not attacked by ov^mvisy sulphuric acid^ but the fuming 
arid dissolves it, forming a conjugated aeid. Strong nitric acid acts violently upon it 
wlien heated, forming a v^ellow oil heavier than water. (Volckel, Ann. Ch. Pharm. 
Ixxxix. 358.) 

CinrOBnrs. An uncrystalHsable substance obtained from the root of creeping 
dog’s-tooth grass (Cynodon dactylon\ (Semmola, Bemclius Jahresher, xxiv. 635.) 

CTNOSTTRXrS CUSTATVS. Bofs-tail grass . — This grass, gathered in the 
flowering season, yields in the fresh state 2*38 per cent., and in the dry state 6*38 per 
cent, ash, containing in 100 pts. 26'0 per cent. K*0, 10*1 Ca*0, 2*4 MgO, O’l Fe*0*, 
3’2 SO», 40-1 SiO* 7'2 FO^ and 11-6 KCl. (Way and Ogston.) 

CTZrcmtBXrZO AZCD. Syn. with Kynubenic Acin- 

BSCVESITTVS. Earth-almond (Erdmandel ). — The tubers of this 
fiedge, which is indigenous in Sicily, Egypt, &c., cultivated in Arabia, and used as food, 
contain in 100 pts., according to Semmola (J. Chim. m^d. xi. 266), 22 pts. starch, 
^ imilin, and 1 crystallisable sugar; according to Munoz y Luna (Ann, Ch. Pharm. 
Ixxviii. 370), 29 starch, 14 cane-sugar, 7 gum and salts, and 28 of a fixed^oil resembling 
oil of sweet almonds. According to L an de rer (Buchn. N. Repert, iv. 20), the oil has 
s specific gravity of 0*94, resembles oil oLsesame, and is easily saponifiable. 
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See Vesuyian. 

ClhPBXPBDXiar. The name applied in North America to a broivn powder pre. 
pared from Cypripedium puhescens^ and used as a medicine. 

CTBTZXrs. Cystic oxide, C*NH’SOl~An organic base constithting the chief 
constituent of a rare kind of urinary calculus, occurring in men and dogs. It was dia- 
covered by Wollaston (Phil. Trans. 1810. p. 223), and has been found in renal con- 
cretions and urinary gravel (G olding Bird, Treatise on Urinary Concretions ; Tool, 
Ann. Ch. Pharm. xcvi. 247), in the kidneys of the ox (Cloetta, ilrid. xeix. 289), and 
in the liver of a drunkard who died of ty pirns fever (Scherer, N. .Tahrb. Pharm. vii. 
306). Bosearches on cystine and cystic cal(Mili have also been published by Lassaigne 
(Ann. Ch. Phys. [2] xxiii. 328); Baudrimont and Malaguti (J.- Pharm. xxir. 
633); Thnulow (Ann. Ch. Pharm. xxvii. 197) ; Marchand (.T. pr. Chem. x^^. 254); 
Bobert(J. Pharm. vii. 165); Buchner(Kepert. xxi. 113); Walchncr (Schw, J. xlrii! 
106); Wurzcr(Sehw. J. lvi.472); Schi luller (Mag. Pharm. xxix. 264) ; Venahles 
(N. Quart. J, of Se. vii. 30); 0. Henry (.1. Pharm. xxiii. 11); Dranty (,T. Chim. 
m<'Hl. xiii. 230) ; Taylor (Phil. M.ag. [3] xii. 337) ; Locanu and S^galas (J. Pharm. 
xxiv. 460); Schweig (Ifeidelb. Medic. Annul, xiii. 364); Bley (Arch. Pharm. [21 
ii. 165); Civiale (J, Chim. nied. 1838, p. 355); Schlossborger (N. Jahrb. Pharm. 
viii. 4). 

Urinary calculi are occasionally found consi.sting of pure cystin, but if the calculus 
likewise contains pho.Mphate of calcium, the cystine is either dissolved out by ammonia 
and the filtrate left to evaporate to the cryshdlising point; or it is dissolved in potash 
and procipitat<‘d from the filtrate by acetic acid. (Lassaigne.) 

'Pro'jperties. — In urinary calculi, cystine presents the appearance of a yellowish, 
Bliining, confusedly ciy^stalliHed mass (Wollaston); wax-yellow, translucent, elongated, 
square octaliedroiis (Schindler); yellowish, translucent, with a faint lustre; con- 
fusedly crystalline; cpdckles bctw'cen the teeth; is easily rubbed to a yellowish 
powder; tasteless, neutral (Bober t). Specific gravity of a calcubis containing 97’5 
pta. cy.stine to 2*5 pts. phosphate of calcium = 1*577 (Wollaston); of a calculus 
containing 91 per cent, of cystine := 1T3 (Taylor); of a pure cystine caleulu.s 
1*7143 (Venables). From a .solulion in hot aqueous potash, cystine slowly ervs- 
tfilliscs on addition of acetic acid, in neulral .six-sMed laminrc (Wollaston); from an 
ammoniacal .solution by evaporation, iji transparent colourless laminre (Lassaigne) 
fil rhombic crystals (Thaulow). (See Fvnkrs Atfns d. 2dfysiolog, Cham. Taf. v. /y. 6). 
Cystine is insoluble in water andjn alcohol. 

Decompositions, — 1. Cystine yields by dry distillation, carbonate of ammonia, a 
volatile, viscid, stinking oil, and spongy cliarcoal (Wollaston and Walchncr). 
It likewise gives off hydrocyanic acid (Schindler). — 2v 'Wlien heated in the air, it 
gives off a quite peculiar and extremely di.sagreeable odour (Wollaston), sulphurous 
and resembling that of oil of mustard (0. Henry). It takes fire at the same time, 
without melting (Wollaston), assumes a black-brown colour, and splits into 
fragments, which disappear without fusion or intumescence, omitting a strong smell 
of* hydrocyanic acid and a faint erapyrenmatic odour (Buchner). — 3. Fused with 
hydrate of potassium, it gives off an inflammable gas, which bums with a flame of 
eulphide of carbon, producing sulphurous anhydride (Thaulow). — 4. Its solution in 
excess of nitric acid leaves, when concentrated by boiling, first a white opaque 
substance, (Lc can ie and S^galas), then a snb.stanco which becomes continually 
browner, and at last black, is free from oxalic acid (Wollaston), but contains 
sulphuric acid (Thaulow). 

Combmaifons.-^OystixiO disssolvea in the aqueous solutions of the stronger acids ; 
and, on evaporation at a gentle heat, yields c^stals w'hich arc soluble in water. The 
solution is precipitated by carbonate of ariiraonia. The hydrochlorate, nitrate, phosphate^ 
and xiUphatc of cystine CTOtallise in needles'gronpcd in tufts (Wollaston). 

/t Cystine di.ssolvcs readily in aqueous ammonia, potash, soda, and lime, also in the 
acid carbonates of potassium and sodmm, but not in acid carbonate of ammonia. All 
these solutions yield granular crystals by eviiponvtion (Wollaston).— From alkaline 
solutions, cystine is not precipitated by sulphuric, hydrochloric, or nitric acid ; but 
acetic, tartaric, and citric acids precipitate it in a few seconds aa a fine white powder. 
(Wollaston, Lassaign^ Walchncr, Bobert) 

The solution in ammonia, when left to evaporate, yields pure cystine in crystals. — 
The solution in potash deposits, on evaporation, white crystalline grains, which are 
tasteless, leave a small quantity of potash when burned, are insoluble in water, but" 
dissolve readily in water containing potash. (Lassaigne.) 

CmXZVrOn TVBimO&Ba. Xanthocystin. A substance resembling (ys- 
nne and xanthine, and found in small whitish grains on the mucous nionibrane of 
the digestive organs, liver, &e. of the body, two months after interment, of a person 
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wlio died of inflammation of those organs. (A. Chevallier andLassaigne, J. ChinL 
in6d. [3] viL 208 ; Pharm, Ceftr. 1851, p. 717.) 

CTTISWll. A hitter aubstance obtained from Cytisus Laburnum hy Che- 
vallior and Lassaigno (J. Pharm. iv. 340; \ii. 236). The alcoholic extract of the 
is treated with water ; the solution precipitated with neutral acetate of lead, and 
the lead removed from the filtrate by sulphydric acid. The liquid filtered from the 
eulphi‘le of lead leaves, when evaporated, a yellowish green mass of the consistence of 
an extract, soluble in water and in alcohol, precipitated by basic acetate of lead and 
nitrate of silver. When taken internally, it produces giddiness, spasms, and vomiting. 
— According to Peschier (J. Chim. mM. vi. 66), cytisine is identical with the 
cathartino of senna-leaves ; but these substances have not been sufficiently studied to 
decide the question with certainty. 


D. 

BACTTUS. The cleansed root-fibres of Bactylis glomerata, yield, according to 
Schulze’s analysis (Ann. Ch. Pluirni, cix. 180), 24 p. c. dry substance containing 9*4 
p. c. ash, of which 3*9 pts. (= 41*9 p. c. of the ash) consists of silica, 

i’or VVay and Ogston’s analysis of the ash of the flowii'r of this plant, see Gkasses. 

BABYXi. The name given by Blanchet and 8cll to the campliene obtained from 
crystallised liydrochlorate of turpentine-oil. (See Turpentine, Oii. op.) 

BA:BAXi£A QXrSllCXirA. This sponge, dried at 100® C., contains 3*2 p.*c. 
iiiti’ogtn and leaves 3*1 p. c. ash. (Schloss bergor and Popping.) 

BAOCBB. See Bibcu-tab (i. 680). 

BAGVfiRREOTYPS.^^ See LiaHT (Chemical action of). 

BABXiZA. The tubers of BaMia finnaty. QontAin lOp. c. inulin (thence called 
Ihi/Jiji), also citric and malic acids, chiefly as calcium-salts, a fixed oil, and a volatile 
(fil wliirli is ligliter than water and quickly resinises when exposed to the air. In water 
tills vohililo oil solidities after some time, and yields crystals apparently consisting of 
ln'ijzoic acid. (Puyen, J. Pharm. ix. 384; x. 239.) 

BAXiABOirZTB. Soc Pelanovite. 

BAXijQLRurZTE, Brcithaiipt's name for tho arsenical pyrites from Palarne or 
Dalecarlia in Sweden. 

BAXiliBZOCKIR' or TBABBEXOCBZB. An imperfectly investigated product'^ 
of t lie action of ammonia and clilorine on quinine {q, v.), 

BAMAXiBRIC and BAMOBZC ACXB8. Two volatile acids said to exist in 
ous’ and horses* urine. Pamaluric acid C’11'‘‘^0*(?) is oily, lieavier than w'uter, and 
smells somewhat like valerian. (Stiidoler, Ann. Ch. Pharm. Ixxvii. 27.) 

BAMASeVS BTSSX.. See Iron. 

BAMMARA RESno*, ATTSTRAXiZAlir. Cowdlc gum^ Cowdu-pme reshi. 
’fhe produce of a large coniferous tree, Bamnnara Australis, which grows in Now 
/>*nUiiid. It forms white or yellow musses very difficult to break, having a shining 
trac t n IV, miuI a very decided odour of turpentine. According to K. 1). Thomson (Ann. 
t'h. Pliy.s. [3] ix. 499) it consists of an acid resin, dam marie acid, and a neutral 
rt'sin, dammaran, the former of which may be extracted by alcoliol. 

The iicid resin is deposited, by spontaneous evaporation of its alkaline solution, in 
crystalline grains containing 72*04 p. c. carbon, 9*31 bydrogon, and 18*00 oxygen. On 
precipitating tho boiling alcoholic solution with alcoliolic nitrate of silver containing 
ammonia, a precipitate is formed containing 14*60 to 14*76 p. c. oxide of silver, 
Thomson represents the acid resin by the formula (75*4 C and 9*4 11), and 

the Hilver-procipitate Viy AgO.C*'^JB°C/'. 

The neutral resin, insoluble in weak alcohol, yields a colourless varnish with Hlisrdiite 
alcohol and with oil of turptuitine. Its analysis gives 7602 C and 9*0 H, which 
Th mson represents by tho formula When exposed to continued heat it 

absorbs oxygen. 

The resin, when distilled alone at a gentle heat, yields an amber- coloured volatile oil 
called dammarol, containing 82*2 p. c. carbon, and 11*1 hydrogen ; and by distilling 
it with lime, another yellow oil is obtained, called dammarone. All these producU 
require further examination. 

»AMKARA RESm, BAST SSTDIAR. Bammar-Puii {i. e. Cafs^eye resiny 
BO called on account of its lustre). This is the more ordinary kind of duramara resin ; it 
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comes ebiefly from Singspoie, nnd is said to be obtained frptn Finm^^^tiiutra, Lsg^i, 
or Danmara alia (7>, orientcdis, Humph., or Aaathis loranf/n^QUa^ cbWem^^^ 

tree, indigenoim in theJEiist Indies and in the Moluccaft, The reiin, whiqb exude ■ 
fh)m excrescences on the stem near the root, forms colourless or yellowish, more or l(*f« 
transparent lumps, varying in size between that of a pea and that of ac;hen*s egg * of 
specific gravity 1*04 to 109; having a resinous odour 'and oonchoidal fracture. Ac- 
cording to Brandes, it melts at 160° C. ; according to Bulk, it begins to melt at c 
It dissolves partially in ahsolute alcohol (to about 4) and in ether (to about A); in 
aqueous alcohol it is less soluble in proportion as the alcohol is weaker ; oih^ both 
and volatile, dissolve it more completely. It ^ inisoluble in dilute acids, but stronn 
sulphuric add dissolves it completely even in tli^ cold ; and on dropping the yellow or 
red solution into water, a white precipitate is formed, consisting, apparently, of tho 
unaltered resin. Tlie resin heated with sulphuric acid is dccomposea, with evolution 
of sulphurous acid. Nitric acid likewise dt'Com poses it with aid of heat. When sus- 
• pended in water and treated with chlorine gas, it takes up 26 p.c, chlorine. It ijj 
scarcely attacked by potash or soda, even when heated therewith ; heated with soda- 
lime, it gives off hyefrogen and carburetted hydrogen, and if the heat has not hcou 
raised above 320° C., a resinous body is found in the residue. 

East Indian Dammara resin contains about 0*2 p.c. ash, a small quantity of gum, a 
hydrocarbon, d am m aryl, and three resinous bodies. According to analyses by 
Schrdtter (Pogg. Ann. lix. 37), and Bulk (J. pr. Chom. xlv. 16), tbo entire resin 
yields numbers answering to tlie empirical formula 

Weak alcohol extraetHfrom Bammara resin an acid resin called hydrated damtna- 
rylic acid (or H-rcsin) amounting to about J of the whole, and consisting of 
(or according to Bulk): it is white, becomes electric by friction, melts at 

60° C. ; docs not oxidise by exposure to the air. It unites with bases, but tlie salts 
are very unstable. 

If the dammara resin, after exhaustion with weak spirit, be treated with ahsolute 
aikohol, aresiii h, consisting of anhydrous daramarylic acid (or 

- ftQCording to Bulk), is dissolved, and remains, on evaporating the alcohol, as a white 
pQ^er, melting at 60° C., perfectly soluble in absolute alcohol, in ether, in oils, both 
toed and volatile, and in strong sulphuric acid; the alcoholic solution has a stronger 
acid reaction than that of the re.siii a. With it behaves like the resin a, forming 
salts which, according to Bulk, are identical with tliose of. the re.sin a, 

A^^cn the dammara resin, after exhaustion with alcohol, is treated with Hhr, a 
portion of the residue (=* about | of the original resin) dissolves, and the sojiitiori 
yields by evaporation a hydrocarbon, called dammaryl, W/='»(op 6'**//““ accoi^ling 
to Bulk). It is a tiiateless, inodorous powder, w’hich bt^comes electric l)y friction, 
dissolves easily in cold ether, softens at 146°, and melts at 190° C. It oxidises quickly 
when exposed to the air, taking up from 3 to 6 p. c. oxygen (~ 1 or 2 at. 0, according 
to the formula C^IP^). By exposure for some time to moist air at 110° C., it acquires 
the conqwsition of the crude resin Dammaryl suspended in water and 

treated with chlorine, yields a substitution-product containing 34 p. c. chlorino. 

After the resin has^ been exhausted with alcohol juid ether, there remains an in- 
soluble resin c, a hemi-hydrato of dammaryl (or according to 

B^k). It is a ^en, shining, brittle mass, wdiich melts at 216° C., is insoluble in 
acids and alkalis, out dissolves in oil of turpentine and in the strongest sulphuric acid. 

Brandes separated dammara rosin into an a-rosin easily soluble in alcohol and cMier. 
'ttxid amounting to about J of the whole, and a ;8-resin or dammarin soluble only 
. in 1000 pts. absolute alcohol and 40 or 50 pts. ether, and insoluble in alkalis. 

BalpnarH resin is much used for the preparation of varnishes (Bingl. polyt. .T. 
cxxyiil 68; cxxxL 141), for which purpose it is dissolved, after drying, in 2 or 3 pts. 
of oil of turpentine ; to obtain a thicker varnish, it is usual to add a certain quantity 
of thick turpentine or boiled linseed oil. (Ilaudw. d, Chem. 2‘«. Aufl. ii. [3] 340.) 

OAMMARZO ACZX>. The constituent of Australian dammara resin which is 
insoluble in weak spirit (p. 301). 

IS Ancmt AKXXf ■ Sec Bammaua-bgsin, East Indian. 

BABCnfAROZi. far, 

Al W lff ABOWB, } “eo Bammaea-hesin’, Axjstralian. 

BAMMAR-RVTZ. See Bammaba-bksin, East Indian. 

RAMMARYX* The constituent of East Indian dammara-resin, insoluble in 
alcohol, soluble in ether. 

RAMMARYXt BBIWCZ-BnRATB OF> The constituent of East Indivt 
dammara-resin which is insoluble in alcohol and ether. 



II juw n r f f I^^^ T*** The constituent of East Indian damvaara-iesio, ▼hich 

is in^la ip weak, but 89 ii^ble in absolute alcohol (p. 302). 

BABnNULR'nXC AOXB» AXrBTOROXrS. The constituent of East Indian 
dammwarT^ which is soluble in Veak alcohol (p. 302). 

nAHiOIrtHTS- A hydrated^'mica, forming crystalline laminae in the interstices 
of crystals of kyanite, found at Pontiyy in Bretagne. It is colourless, yellowish-white 
or yellow, transparent in thin laminse, and of sciily texture. Specific gravity 2*792. 
Il irdue80*« 2*0 to 3*0. Heated in a tube, it gives off water and swells up. Before 
fhe blowpipe, it intumesces, becomes white and opapue, and melts to a white enamel 
1 by strong sulphuric acid. 

Dele 88 e (Ann. Ch. Phys. [3] xv. 248), it consists of JPO.@iO* + 

- 2FJO or K‘^0.3AP0*.6Si0* + 2H’^0, which (by substituting or m 
need to (K“a2*H'*)Si*0*l the formula of an orthosilicato. It likewise 
quantity of fluorine, and appears to be a variety of margarodito. 

DAW AXTB. A mineral consisting of sulphur, arsenic, and iron with a little cobnlt^ 
and agreeing in form with arsenical pyrites, of which it is pmbably only a cohaltiferous 
varii'ty. Hayes, however (Sill. Am. J. xxiv. 386), assigns to it the fornmla Fe^As* Fe®S*. 
It is found in the gneiss near Franconia in New Hampshire, Ujiited States. (See 
Ktnugoit's Uchers, 1862, p. 99; Jahresber. f. Chem. 1863, p. 778.) 

DAWBTJRZTS. A borosilicate of calcium found at Hanbur}^ in Connecticut, in 
shininir, translucent, pale yellow crystals belonging to the trimetric system. Hanlness 
7 to 7-6. Specific gravity 2*95. Melts before the blowpipe and colours tlie flam# 
green. Two analyses made by Smith and Brush give the following results : 

Si()2 Al«oa MnO CaO MgO B?03 ig^ftuln. Total. 

48*10 0-30 0*66 22*41 0*40 27*73 0*60 ’ 100*00 

48*20 1 02 22-33 27*95 0 50 10000“ 

wluMice Smith and Brusli deduce the formula 3(7a0.2@i0® + 3BO’.2@if)*, which is 
rpiivalent to CaO.SiO* + B'^ObSiO'^ (Brush, Sill Am. J. [2] ix. 286. Smith and 
15 rush, ihi(L xvi. 366. See also liamnuisbvrg's Miner alchemie^ p. 770). 

DAWWEXISORXTZI. A variety of hornblende found in the iron mines of Hanne- 
nierii in Sweden. Its structure is fibrous or radiating, the individual crystals being 
closely aggregated. Colour yellowish-brown to greenish-brown. Specific gravity 
o olO. Blackens before the blowpipe, and in thin pieces melts to a dark slog. 
Contains : 

SIO^ Al^O* CaO MgO MnO FrO 

48*9 1*6 0*7 2-9 8*6 38*2 

corresponding nearly to the formula SM^^O.OSiO’, where M is almost entirely repre- 
sented by iron. (Erdmann, Jahresber. f. Chem. 1856, p. 846.) 

BAPHWBTZW. C'"H*W (Z-wenger [1860], Ann.Ch.Pbarm. cxv. 8). — A product 
of the decomposition of daphniii, which when subjected to dry distillation, or heated 
with aqueous acids, or fermented with eniulsiri, splits up into daphnetin and glucose : 

C3in«0*» + 2H‘0 = + 2C«H'»0« 

Daphnin. Dupbnetin. Glucose. 

The same decomposition also takes place under the influence of yeast; but it is neces-. 
t^ary first to add glucose to the liquid, in order to set up the fermentation, anfjt even 
then the decomposition is very imperfect 

l^rt'paraiion.—A. A solution of daphnin in dilute hydrochloric or sulphuric acid is 
boiled till it turns yellow, then diluted with water and left to cool; the impure 
daphnetin which separates is dissolved in hot water, and precipitated by neutral 
acetate of lead ; and the yellow precipitate is washed, suspended in hot water, and 
decomposed by sulphydric acid. The liquid filtered at the boiling^ heat, deposits 
daplmetin on cooling — 2. The alcoholic extract of mezereon bark is treated with 
strong hydrochloric acid, and evaporated on the sand-bath till the acid is completely 
expelled; the carbonaceous residue is then boiled with water; and the impure 
daphnetin which separates on cooling is purified as above. — 3. The alcoholic extract 
of mezereon bark yields by dry distillation a distillate containing small needle-shaped 
crystals of impure daphnetin, which may be purified as above. 

Properties. — ^Daphnetin forms small needle-shaped raonoclinic prisms having a 
strong refracting power. It has a slightly astringent taste, and dissolves easily in 
boiling icater^ still more in boiling sparingly in ether. When heated it emiti 

•a agreeable odour, and melts at a temperature above 260® C. to a yellowish mas^ 


It is decomposec 
According to 

^.Vl) may he rod 
contains a small 



which in the crystalline form on oooli^. .In jif 9tre& It sublin^ea 

easily, eT^ below its melting point; bUt when heaied m a cl<^ resseh it snfferg 
partial de^mposition. , , i. j • . 

Hot hydrochloric acid easily dissolves daphnetm imjipnt decomposing it; strong 
sulphuric acid dissolves it with decomposition. yUric md ijolonrs it deep red. 

Alkalis and alkaline carbonates dissolve daphnbtin, with yellow coiopr, the solution 
becoming darker on exposure to the air. Linu>water and har^ta’ymier tomi with it 
yellow precipitates, which also become darker by expos^e. Ferric salts colour diipli. 
netin green, the colour disappearing, however, on addition of free acid or . of Excess of 
ferric salt. Ferrous salts produce only a faint greenish colouring in solutions containing 
excess of daphnetiii. Duphuetin reduces an alkaline vwprio solution, even in the cold'; 
also nitraie of silver, - , , 

Lead-compound, C’*H*®Pb‘0‘“.— A warm aqueous solution of daphnetin mixed with 
acetate of lead, yields a light yellow gelatinous precipitate, which when dry fovina a 
brittle mass, dark-coloured in thick layers, translucent with yellow-red colour in tliin 
layers. It dissolves sparingly in water, easily in acetic acid. Nitric acid turns it red. 
On Ixiiling it with water, part of the daphnetin is removed, and a compound richer in 
lead remains. 

Di^PBlxrXN'* C**1P‘0'® + 4H^O. — A crystallisahle non-azotised glucosicle, occur- 
ring in the bark of certain species of Daphne. Vauquelin in 1808 (Aim. Cliim. 
Ixxxiv. 173), first obtained from Daphne alpina, an acrid volatile substance solnidc in 
water, to whicli 13ei*zelius gave the name of daphnin. — C. O. Grinelin and Jlaer 
(Schw. J. XXXV. 1) afterwards prepared the body now (Uilled daphnin, wdiicli li;is 
since been more particularly examined by Zwenger (Ann. Oh. Pliarni. cxv. 1). It 
occurs in the bark of the common inezercon plant {^Daphne nicccrvum), and somewhat 
more abundantly in that of D. alpina. 

Preparation. — 1. The alcoholic extract of the bark of D. mezercum or D. alpina is 
exhausted with watt'r; the solution is precipitated with acetate of lead; iho precipitate 
washed with water, and decomposed by sulphydric acid ; and the filtrate eva])()rated 
to dryness and treated with absolute alcohol. Daphnin tlien crystallises from tliu 
alcoholic solution (Gin cl in and Baer). — 2. The alcoholic extract of fresh mezereou 
bark stripped off in the early flowering time, is dissolved in water; the solution is 
first precipitated with neutral acetate of lead ; the filtrate is eubsequcntly mixed with 
excess of basic acetate of lead and boiled for a long time ; and the result ing precipit.ite 
is washed and decomposed by sulphydric acid. The filtrate yields crystallised 
daphnin on evaponition or on addition of alcohol. (Zwenger.) 

As daphnin is soluble in ether, it maybe advantageously prepared from the residual 
bark left after the preparation of Kn'tr. mezerci (ethen um. 

Properties, — Daphnin crystallises in colourless, transparent, rectangular prisms, 
sparingly soluble in cold, more freely in w.irm water, more soluble still in alcohol, 
especially at the boiling heat, insoluble in ether. The aqueous solution coiieentnded 
by heat, tastes bitter at first, afterwards astringent. According to Ginelin, it is 
neutral when pure, but according to ZwTuger, the saturated aqueous solution is 
decidedly acid. 

The crystals of daphnin give oT their water at 100® C. At a Btronger heat 
daphnin emits an agreeable odour, like that of counmrin. When cautiously heated in 
small quantities, it melts at about 200® G, to a colourless mass, which solidifies again 
in tho crystalline form on cooling ; but the melting point and decomposing point are 
80 cloap together, that unle.sfl the heat is very carefully applied, vapours are givcm 
tiiO r^due continues amorphous after cooling, and then forms a yellow precipitate 
with ni^Utral acetate of lead, and a green inixturo with sesquichloride of iron, showing 
rthaiit^iWtaiDS daphnetin (p. 303). Daphnin heated in a close vessel is decomposed, 
^ gelding it sublimate of daphnetin and a residue of charcoal ; when heated in the air, it 
burnil with a bright flame. yUric acid decomposes it in the cold and colours it red, 
and. when boiled converts it partly into acetic acid. 

Alkalis and alkaline carbonates dissolve daphnin in the cold, forming a yellow 
solution which quickly turns brown-red on exposure to tho air, especially if warmed. 
The yellow solution of dimhnln in baryta- or lime-water yields a gelatinous precipitate 
when heated. Neutral jerric chloride imparts a bluish colour to the aqueous solution 
of daphnin; the liquid turns yellowish when boiled, and deposits a deop yellow 
p^f^cipitate on cooling. Basic acetate of had colours the solution of daphnin yellowish 
lift Ihe cold, and on boiling the liquid an insoluble compound is deposited. Hydrated 
oxiSi jjf lead also precipitates daphnin on continued boiling, yitrate of silver forms 
Bd ;pl^pitate in the cold, but a slight reduction takes place on boiling, and a 
comdemble reduction on addition of ammonia. It reduces an alkaline cupric solution 
only after prolonged boiling:.— By lieating with aqueous acids, or by the actio|i of 
muimn or of yeast, daphnin is resolved into daphnetin and glucose (p. 303). 
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OAPXCKO or Za^is, The American name of the dirty- white spongy 

caoutchouc which etudes from the roots of Sij)/ioma elasticu It is blackened over ^ 
0 }>en Are, and used for makfog ildppersj 

DARWnriTB. The riafhe aippKed by Forbes (Phil. Mag. [4] xx. 423) to a 
mineral from Chili, identical with the Whitnoyite (q. v.) of Genth. 

DASSXPXS* See HtbAceitm. 

dates. Dactyli The fruit of the date-palm (Pfioenix dactyl{fiTa\ They are 
grncnilly gathered in the ripe state and exposed to fho sun, whereby they lose their 
original bitterness and acquire a pure sweet taste. The Ae.shy portion of the fruit 
(onhnns, according to Bonastre (J. Pharm. xviii. 784), erysfallmble sugar; according 
to Rcinsch (Buehn. Repert. Ixxi. 36) only fruit-sugar (68 p. c.), together with 
pectin (9 p.c.), gum, and other substances. Kletzinsky (Jahresber. d. Chem. 
1858, p. 434) found that dates contain 85 p. c. fleshy substance, 10 kernel, and 6 
Iiusk; and the dates freed from the kernel contain in 100 pts. : 36 sugar, 9 pectin and 
pcctinons matter, 23 pts. of other substances soluble in water, 30 water, 0*1 coumariii, 
citric acid, and other substances. The? kernels contain, according to Rcinsch, 36 pts! 
gummy substance and 40 cellulose, together with tannin, fat, <fce. 

The juice of the flower-buds of the date-palm, which is very rich in sugar, is used 
f)r the preparation of arrack, and on the small scale for the preparation of crystallis- 
al.-lc sugar. According to Foiircroy and Vauquelin, the x^ollen of the flowers contains a 
large (juantityof free malic acid. 


DATHOXiITS. IhiioUtc, Dyatomile. IhmhoMHe. liotrqolitf^, EsmarMte (in 
part). ya(rnralcl(v{\n part). Borate of Lime. Boromlimte of Lime. Chaux boraUe 
itiJieirKse, A boroslllcale of oaloinm, crystallising, according to Kopp, in mor.ocTirtic 
c..»ni1)inatioijs, wifli numerous faces, the piimary form of which is Ibe mouoclinie 
prism ceV of 77^ 30' with a nearly rectangular base, deriating only 10' from pertHiinii- 
iMilarity. The combinations exliibit also the prism a>P2 == 116° 9; tlio transverse 
lii niidomo 2 Poe 43° 66', the hemipyramid P 122° O', and many others. 
('It'iiViigo iinlistinet parallel to ooP and the transverse faces. On the other hand, 
l>i'H>k(! and Miller, and Dana (Mineralogy, ii. 336) regard the crystals as trimetric 
ami licTnilu'dral, with cleavage parallel to cepoo and ooPco . Tlie crystals are small 
ami glossy, liaviiig the form of short prisms or thick tablets, often implanted. The 
iiiim ral also occurs massive, witli coarse or flne-graiiied atriictiire. 

llaivbicss = 5*0 to 6-6. Specilic gravity = 2*9 to 3*1. Colour white, or with a 
sliadc of green, yellow, grey, or red. Streak white. Lustre glassy on the crystalliiie, 
waxy on the fractured surfaces. Translucent. Fracture uneven, subconehoidal’ 
Lntrlc, 

Ignited ill a tube, it gives off wab^r. Before the blowpipe, it swells up and melts 
caMjy to a clear glass, occasionally with a greenish or a reddish tint Colours the 
tlanuf gri'cii. Dissolves in komx ; in phoKphorns-mli it leaves a skeleton of silica, and 
li added in considerable quanlity forms an enanud-white glass. With a small 
qnaiihty of Soda it forms a clear glass; with a larger quantity, the bead bceornes 
"pujiio on cooling, and wdth a still larger quantity, the mass sinks into the charcoal. 
'\ itli ffyyspm, it fuses to a clear bead. 

Analys(-s: a. Andreasberg in the Ifarz (Strom eyer, Pogg. Ann. xii. 157).— 6. 
Amlreasberg (Dii Menil, Sehw. J. Hi. 304).— e. Andreasberg (Rammelsberg, 
l^'gg. Ann. xlvii. 17.6). — d. Arendal in Norway (Rammelsberg, toe. eit.). — Isle 

'*val Lake Superior (AVhitncy, Sill. Am. J. [2] xv. 435).— /. Nieder-Kirchen, 
Ihiviina (Dell man n, rtammchherg's Mmeralchenm, p. 607). — g. Froth the 
gal.bro of Tuscany (Bechi, SOI. Am. J. [2] xiv. 65). - 
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h. 


d. 

c. 

f 


Si 02 

»203 

Cji20 

H20 

37*36 

21*26 

35*67 

5*71 * 100 

38*51 

21*34 
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368), datholite contains a small quantity of 
VoL^ IL^ ‘^‘^curs in numerous localities, moiig which, in addition to the above, may 
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be mentioned Toggiana in Modena, the island of Utoe near Sweden, the Seisser Ain i 
the Tyrol, and Bergen Hill iii New Jersey. It & found in amygdaloiji and gneiss^ 
sometimes also in beds of iron ore in primitiTO rocks. ’ 

Botri/olite^ a variety of datbolite occurring in botryo'idal concretions, is usual] 
regarded as containing twice the quantity of water shown by the above fornmlii 
651). An analysis by Rammelsberg gaA’o 36 085 per cent SiO*, 12*310 35*215 

Ca*0 and 8*686 water; but Dana is of opinion that additional analyses are required to 
show tliat this amount of water is constant. 

BATI8CA CAmrABIWA. Bastard Hemp, This plant, indigenous in tho 
Levant and in India, is much used in India, Italy, the south of Franco, and 
other places for comtnuni eating a permanent yellow dye to silk. According to 
Braconnot, the leaves contain a peculiar colouring matter, datisea-yellow, whiolj 
is prepared by precipitating the aqueous decoction of the leaves with a small quantity 
of ueutr.il acetate of load, filtering to sisparate the gummy precipitate thercljy fopnjjvl 
mixing the filtrate with potiish, then precipitating completely with acetate of h^ad' 
di^omposiiig the yellow precipitate with sulphuric acid, and evaporating the filtrate 
Datisca-yellow then remains in the form of a pale yellow-brown, translucent mass, 
insoluble in cold alcohol, but easily soluble in wattn*. The solution is coloured lin-htor 
by acids, darker by alkalis and by ferrous sulpliato, bright yellow by alum. Studs 
mordanted with alum are dyed permanently yellow by it. Walt! rt'commonds » oon- 
centrated decoction of the plant mixed with a little potash as a yellow ink (Ilandw 
d. Chem. 2*- Aufl. ii. [3] 377). 

X>ATISCBTZnr< (Stenhouse [ISoG], Ann. Ch. Fharm. xcviii. lOfl). 

Apiodiict of the decompo.sitlon of datiscin, obtained by treating the latter body with 
aqueous acids, or with strong pota.sb, not by the action of yiaist or emulsiii ; 

C'.Mipi()i2 + CUP‘-'0«. 

Datiscin. DatUcctin. Glucose. 

When datiscin is boiled with dilute sulphuric acid, the liquid becomes turbid in u few 
minutes, and deposits datiacetin in colourless needles. 

As datiacetin crystallises very easily, it may also be prepared from the motlicr-liijiior 
obtained in the preparation of datiscin, by precipitating this liquor witdi basic acetate 
of lead, decomposing the washed precipitate with sulphydric acid, ovaporaling tim 
filtrate, and boiling it with dilute sulphuric acid. The datiscetiu thus obtained is 
easily purified by ri'orystullisation. 

Datiscetin is tasteless, nearly insoluble in water, easily soluble in alcohol, and is nre- 
cipitated therefrom hy water. It dissolves in all proportions in ether, and crystallises 
in needles on eviqjoi'ation. 

Datiscetin m(dts at a somewhat liigh temp^Taturo, and, if carefully lieated, may Lo 
partially sublimed. When strongly heated, it titkes fire and burns away. 

Nitric amd acts violently on datiscetin, even in the cold, nitrous acid" being evolved 
and a resinous substance formetl, which ultimately dissolves with re«l cohnu*; on 
evaporating the liquid, picric acid is obtained, but no oxalic acid. Boiled witli weak 
nitric acid (1 pt. ordinary nitric acid to 10 pts. water), it yields nitro.salicylic acid. 
Distilled with sulphuric acid and acid chromate of potassium, it yields oily drops, 
which smell like salicylous acid, and colour ferric salts purple. When datiscetin is 
gradually added to melting hydrate oj pota.ssium, it dissolves with deej) orange colour 
and evolution of hydrogen ; and on supersaturating the cooled mass M'ith liydroehloric 
acid, a resinous substance separates, which, wlien heated, yields a colourless sublimate 
of needle-shaped crystals, having the aspect of benzoic acid, but giving with ferric 
chloride the reaction of salicylic acid, 

Datiscetin dissolves in aqueous alkalis, and is reprecipitaled by acids. An alcoholic 
solution of datiscetin forms with neutral acetate of lead a deep yellow precipitate, con- 
sisting of C‘»H«rbW. ^ ^ 

BAXISCIWT* A glucoside ckwdv allied to salicin. It was first obtained 

by Braconnot in 1816 (Ann. Ch. Phys. [2] lii. 277), from the leaves of Dutisca 
cannahina, and to a great extent con-octly examined ; but Ins statements w'erc so far 
forgotten, that the body was univei-sallv regarded as identical with inulin, till Sten- 
house in 1865 (Ann. Ch. Pharm. xcviii. 166; Chem. Caz. 1866, No. 318) re-examined 
the roots of Datisca cannabina, and showed that the body obtained by Braconnot was 
really a distinct compound. 

The alcoholic extract of the root is evaporated to a syrup and mixed 
with half its bulk of water ; the liquid is decanted from a resin which separates ; and the 
impure datiscin which crystallises by spontaneous e^^lpo^ation is pressed between paper, 
Hud then dissolved in alcohol; on subsequent addition of water, a further portion of 
feain ieparates, and the dilute solution after a while yields purer datiscin. By repe**' 



DATOLITE — DAVY LAMP. 807 

•n treatment with alcoliol and water it is olitainod quite pure. It may also be 
f: Stci from tanain by mixing the alcoholic solution with a small quantity of gelatin^ 
the purifiealiou being completed as above. 

Prirpertifs . — Pure datiscin foiras colourless .silky needles. It is sparingly soluble in 
cuhl, somewhat more easily in hot wuier, easily in cold alcohol, and in all proportions in 
boiling alcohol, very slightly in ether. From a strong alcoliolic solution it is imme- 
diately precipitated by water, from a W'oake.r solution after .some time only; from the 
! rlien'al solution it separates by spontaneous eraiioration in large erystaliine lamiiias. 
The solutions of datiscin have a very bitter taste, and a neutral reaction. 

Datiscin melts at 180® C. ; on carefully healing it in a cuiTeiit of air, it yields a 
siiiall quantity of a crystalline sublimate. When more strongly heated alone, it is car- 
bonised, and gives off the odour of burnt sugar. When boiled with dilute sulphuric 
or hydrochloric acid, it is easily resolved into crystal Usable sugar and datiscetiu (p. 306.) 
Veiist and cmulsin do not appear to act upon it. Dilute 7iitHc acid tiissolves it even 
ill the cold, converting it into picric and oxalic acids. Stronger nitric acid forms the 
same f)roducts. 

J)}iti.scin, although neutral to test-paper, nevertheless exhibits with bases the pro- 
]>orties of a weak acid, dissolving with deep yellow colour in aqueous alkalis, and m 
lime- iiiul Imryta-water, and being separated theivlVom by acids. The aqueous 8<du- 
tinii of datiscin forms a light yellow preeipitate with acetate of had, either neutral or 
Icisie, also witli stannic chloride, gj‘ceni.sh with cupric salts, brownish with ferric salts, 
11 V l.oiling witli sti'ong potash-ley, it is decomposed, with formation of datiseotin. 
M.ltiiKj potash acts in like manner, but the resulting datiscetiu suffers further decoiu- 
]»o,sitioi] \^p. o<H)). 

DATOIiXTB. Syn. with Dathomtk 

BATXTItA. A genus of plants belonging to the solanaoeoiis order. The herb and 
Hcetl, espc(*i:dly the hitter, of the common thorn-apple. Datura Slramoninm, contain a 
pois.iiioiis alkaloid, d at urine, which, ai'eoriling to Jdanta, is identical wdth atropiuo. 
The herl) and seeds contain also !in organic acid, which Peseh ior (N. Trommsd. xxv. 
2. Sii) regarih'd a.s peculiar, and distinguished by the nanie da t uric acid; but ac- 
(“(.iriliug to llrandes (Duehn. Kepert. viii. 1). it is nothing but malic acid. The ash of 
l!je seeil contains 17*8 per cent, potash, 12*0 soda, 3*6 lime, 15*5 niagiiesiii, 3*4 ferric 
o\iile, 30-6 ]'hospliorie anhydride, 4*6 .silica, and 10*2 charcoal, (^ouchay, J. pr, 
Cliem. xxxviii. 32.) 

'I'lie Ikiwers of thorn-apple are said also to exert a poisonous action. The Icavea 
juid seeds arc used medicinally as a n,*ircotie. 

T\\e oi J)atura <irhorra contain dat urine, malic acid, fixed oil, «S:c. Tuo ash 
cdiitiiius in 100 pts. 8*5 jiotasli, ‘\-6 soda, 7*0 lime, I 1-4 magne.siu, 0 5 alumira, 21*3 
sllicii. 5*7 sulphuric, anhydride, 2*5 chlorine, iiiul 13*4 carbonic anliydride. (VValz, J. 
pr, IMiann. xxiv. 355.) 

DAXrCVS CAROTA. '14 ic carrot. Tlnr nxits trf this well known (‘scuicnt con- 
tain a red colouring matt er, ca r<jt i ii, together with a eolourlc.ss siibstaneo 

li vdrocaroti 11 , from which flic n’d compound is probably formed by oxida- 

tieii {IS t]ici*oot ripens. (H<*c (Iauotim, i. 806.) 

t-'arrots contain, according to Wackenrodcr, a colourless volatile oil, sugar, and 
slaivli, and th(5 residue le.ft on evajKjrating the recently i‘X}>re.ssed juice, contains 0*3 
per cent, unerystallisablo sugar, 0*3 carotin, 1*0 fixed oil, together with starch, malic 
ucid. album i nous substances, ash, &c. 

bibra found in fresh carrots 87*4 per cent, water, and in the air-dried root 15*1 per 
oent. water, 0*05 fat and carotin, 0*6 resin and oil, 29*0 sugar, 3*0 inulin, 2*8 albumin, 
11*8 OTgiiiiic acid, and 37*8 cellulose. 8ehmidt found in carrots grown on raiious 
‘‘'oils, Irom 86*5 to 87*0 water, and in the dry siihstance 7*2 to 8*0 cane-sugar. Vdlckel 
found in 190 pts. of fresh carrot.s, 87*3 per cent, water, 6*5 sugar, 0*2 oil, 0*8 gum and 
pfctm, 0*6 nitrugen-(;ompounds, and 3*4 cellnhir tis.sue. 

Iblthjiusen found in large field-carrots >veighing from 108 to 1255 fpms., from 84*5 
h) 87jS per cent, water, and in tlic dry substance 1*0 to 1*3 jier cent, nitrogen, and 6 0 
kJ 8*7 per cent, ash-constituents. The proportion of nitrogen in the entire carrot is 
y*3 per cent. (Boussingault), 0*2 (Mil Ion), 0*2 to 0*3 (Schmidt). (Handw. d. 
f hmii. 2** Anti. ii. [3] 381.) 

for Way and Ogston’a analysis of the ash of the carrot, see voL L p. 807. 
BAirPRZMTZTS. Syn. with Anatase. 

pAVlRsoiffXTR. An impure variety of beryl, found in the coarse-grained granitt 
'’em near Tory in Aberdeenshire, and in the Kubieslaw mine. Contains 12*5 per cent, 
glueiria. 

»AV» &AMP. The minor’s safety-lamp. (Soc vol i. p. 1101.) 

‘ o 
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30AVTK1I* A variety of neplioline from Vesuvius. See Nbfkblikb. 

BiiVTTlk Syu. with Styvtbritb. 

X>£CAX7TATZOir. The separation of a clear liquid from a precipitate or deposl, 
by inclining the vessel and sutFering the liquid to run out. The best form of v<‘ssi, 
for the purpose is the ordinary beaker glass having its edge inclined outwards, l,ut 
not turned over, and r<'ndcrcd smooth by fusion, not cut or ground. The sides should 
be. per[)cndicular or slightly inclining outwards from t^yp to bottom, and the bottofn 
hut, or with only a slight indentation inwards in the middle. It is important that tlie 
sides mid bottom bo of uniform thickness, so that the beaker may be heated in tlic 
sand-bath witlioiit f(jar of cracking, as the application of heat is often necessary to 
make a precipitate subside conqih'teJy. 

I’ln? glass should not ho tilled above § or J of its depth, as otherwise the stream of 
liquid which runs out on inclining the vessel, makes too sharp an angle with the sid.-, 
and a portion of it is very apt to run down the edge. In many cases tin's inconveui»Mif < 
may be obviated by smearing the edge with a little tallow or lard; but with lioi 
li({uids, or such as dissolve fats, like cuiistie .alkalis or ether, this method is of course 
inapplicable. The decantation may ofb'ii bo greatly facilitated by holding a wet glass 
rod in a nearly vertical position against the edge of the beaker, so as to cause the 
stream of liquid to mu down it : this method prevents tlio liquid from running down ilic 
sid(‘s of the beaker, and also enul)l(‘8 it to run into the lower vessel without splashing. 

It is only, however, from very heavy precipitates tliat a liquid can be thus deciuitt d 
without carrying some of the solid particles with it. For preparations, in wliieli the 
loss of a few pai'ticles is uniinportlint, simple decantation is oftem advantageously 
resorted to; but for quantitative analysis, excepting when the precipitatc.s are vtay 
In'avy, like metallic ge]«l, or eloth'd, like chloride of silver, com[)lete separation cannot 
be effected without filtration. This op<‘ration and the snUsiHpient wji.sliing may, liow- 
cver, be greatly facilitated by first heaving the precipitate to subside as eomplctt'ly as 
possible, then pouring tin* clear liqtiid as above into the filter, and after it has run 
tlirongh, rinsing tlio precipitate in the beaker -ftith pure water, pouring this t]iroii>:!i 
th«‘ filter, .'igain wnslnng the precipitate with water, and so oji, till the greater piiil M 
the soluble matter is removc<l. The precipitate is then to be poured on to the tilb i*. 
and the w'ashing coinpletctl. This mode of proceeding saves time, and enables tlic 
w.'ishing to be performed witli a rnneh smaller qtiantity of w’at«T Mian if tin' liqiii<l ami 
precipitate were at once thrown in the filter. (For further details, .see llamlw. il. 
Chem. 2*" Aufl. i. 11. art. Aiiciksshn.) 

DZiCHSNXTE. A native vanadate of lead from the Tiaiiter valley near Niedcr- 
pchlettenbacli in Klienish llavaria, where it occurs in botryoidal crystalline inassc's and 
scaly d<‘posits, of dark red to yellowish colour, franshic(‘nf, with wtixy lustre (Ui the 
recently fractured surfaces. Specific gravity =5*81. Hardness =4'6. Melts easily 
before the Idowpipe to a yellowish bead ; on cliarcoal it yic'lds globule.s and a dcpo.'ilt 
of lead, sometimes emitting an odour of ap.senie. With borax and phospliorns-salt, it 
gives the reactions of vamuliurn ; with .soda it melts to a wliite enamel. Solul)lc in 
dilute nitric acid an<l in hydrochloric acid. 

According to C. llergmann’s analysis, the dark red variety contains 47'2 per cent. 
V’-'O* and 62‘9 PirO; tlio yellowish variety, 49-27 V*0’ and 50-57 Pb'‘*0; whence the 
formula Pb'-'O.V'-’O’* or PbVO^ According to Brush (Sill. Am. J. [2] xxiv. 116), it 
contains a considerable quantity of zinc, and is id<*ntical with araeoxeue (i. 354). 

l>BCOCTXO!Mra The operation of boiling. This term is likewise used to denote 
the liquid ifself, which has been made to take up certain soluble principles by boiling. 

X>ECBEPXTATX01ff* The crackling noise which several salts m.ake when sud- 
denly heated, accompanied by a violent exfoliation of their particles. The effect is 
p'lierally due to the sudden convorsion of the w-ater enclosed within their .substance 
into steam ; not, how'over, the combined water, for the .salts which decr<*pitate mi'st 
powerfully are anhydrous salts, chlorate of potassium and nitrate of lead, for example; 
and those which contain water of erysfjdlisation generally fuse quietly when heated. 
The Water, which is the caiisc of decrepitation, is merely mechanically enclosed 
between the solid mirticles of the body, Pecrepitation, especially in natural minerals, 
is also frequently duo to the unequal expansion of the laminaB which compose them, in 
consequence of their being imperfect conductors of heat, like glass and cast iron. The 
true cleavage of minerals may often be detected in this way, for they fly asunder at 
ttieir natural fissures. 

ESCOXiORXIMIBTBAa An jnstrumeiit invented by Payen for estimating the 
decolorising power of charcoal. It depends upon the fact that a longer column of a 
comparatively lighter coloured liquid exhibits by transmitted light the same depth of 
colour as a proj>ortionaily shorter column of a more strongly-coloured solution. 
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(Diction. Teclm. viii. 532. Dingl. Polyt. J. xxvii. 372 ; Haudw. d. Cliem. 2*- Aufl. ii. 
[:i] 383.) 

PfiCOMPOSXTXOW- Soo Chemicai. Affinity (i. 853). 

2 >£ 0 £SIO'xTB or DBOBBOBITE. An amorphous brown mineral, found near 
Staiisvik, on Degoro, not far from Helsingfors in iMnland. It oontains, according to 
Thoreld’s analysis, 3G’6 p. c. silica, 13‘7 water, 41*4 ferric oxide, 1*1(5 ferrous oxide, 
2*9 lime, 2*5 imigncsia, 0*8 alumina, and a small fjuantity of phosphoric acid : it appeai-a 
to be a product of decomposition. (Arppe, Amity str aj finska mburalier^ p. 18.) 

X>EX£.MSAi or Congo Tohacco, is a plant growing wild in the marshy districts of 
Congo, the flowers of which produce a narcotic effect when smoked, and arc much used 
ill the locality. 

BXSIiAWOVITXS. a manganiferous bole from Micluic, Dep. do Dordogne, in 
I’rance. It is amorphous, reddish -wliite or red, slightly translucent on tlie edges. 
Hardness = 1 to 1*5. Fracture s}*linfery. Lustre slightly waxy. Adheres strongly 
to the tongue, and becomes somewhat plastic by immersion in watt'r. Dccompostid by 
sulphuric acid. An analysis by C. v. Hauer gave 30*55 SiO% 19*15 AFO*, 0*63 Ca*0, 
4*40 MirO, 24*05 H O (total 98*78). Of the wjiter, M*05 pt's. go otf at 100° C., and 
the remainder at a red heat. (Jahresber. f. Chem. 1853, p. 829.) 

BS£Z:SSXTB. Ferruginous chlorite. (See Culouitr, i. 914.) 

BEXiXQUBSCBBCB. The property which corlain very s(dublo salts and other 
bodies possessed of absorbing moisture from the atmosphere, and dissolving th(?rein. 

BEIjPBIN'. I)>lphinin^ PlMccnin^ Dolphin-fat^ Huilc de Daujyhin. (Chcvrciil 
[1818] Ann. Ch. Phys. [2] xxii. 374 . — ItvchiTcha sur hs corpa gra,^. pp. 190, 287, and 
467.— Her til clot, Ann. (Jh. Phys. [3] xli. 251). 

A neutral fat found in tlie oil of Dilphinta^ glohircps, D. Pliocfpa, and D. margmatvs \ 
it lias not yet been obtained in the pure state, the olein not having bt‘en completidy 
separated. 

To prepare it, 100 pts. of dolphin-oil are di.ssolved in 90 pts. of warm alcohol of 
speeilic gravity 0*797 ; tlie solution is decanted from the oil wliicdi precipitates on 
cooling, and distilled with wat<T; the oil whieh remains in tlie ndort, and consists of 
u iiiixfure of delphinin and olein, isse|»Hrated from tlic watery licpiid and treated with 
cold dilute alcohol; .and the alcohol is evaporated, after the solution has been separated 
from the midLssolved olein. 

Delphiii is an oil A*ery mobile at 17^*^ C.; S|)Ocinc gravity 0*9, >1 (Cliovroul), 0*918 
(Tjt?rf li clot). It has a faint, peeidiar, somewhat ethereal odour, like that of valeric 
cicid. Does not redden litmus. JJoiling point 258^^ C. (11 orth o lot.) 

If dissolves abundantly in liot alcoliol. The alcoholic solution, diluted with a largo 
fpiantity of water, and distilled, leaves delphin, which reddens litmus from containing 
free valeric acid. The hit, when expo.sed to warm air, likew'ise acquires tlie {>ow'er of 
reddening litmn.s, ami a powTrful odour proceeding fnim the liberated imloric acid. 
Delj)hin heated to 100*^ C. with an equal ipiantity of oil of vitriol, and then h‘ft to 
it'^idf, gives off, after a week, Die odour of v.-ileric and sulphurous achls ; water iiddt'd 
to it takes up sulphuric, sulphogly ceric, and valeric acid, and glycerin, and leav(!S 
an oily mixturo of valeric acid, oleic <aeid, and a, small quantity of un.saponified fat. 
199 pts, delpliin saponified with potash, yield 36 pis. val(*.ric acid, 59 pts. oleic acid, 
and 15 pts of glycerin. 

100 pt.s. of the oil of the common porpoi.so {DAphinuii Phoca*a) saponified witli baiy'ta 
yielded 82*2 pts. of fixed fatty acid.s, 16 0 pts. plioccn.ite (vahu'ate) of barium, and 
M O glycerin, or 6*7 pts. glyconn to 10*0 pts. valiTic acid (C*®ID®(^‘). The same oil 
treated with alcohol yielded successively three oils, containing r<*K]iectiv(dy 4*4 [ds., 
I’4 pts. and 5*1 pts. glycerin to 10. pts. valeric acid. The first of tlu se three oils when 
again treated \vith alcohol, yielded :i new liquid (phoemiin) containing 2*7 pts. glycerin 
to 10 pts. of valeric acid (Che vreiil). The oil of Dvlphinus glohicrpa w';is found to 
contain, beside.s fixed fatty acids and etlml, 5*9 pta. glycerin to 10*0 valeric acid. Now 
for 10 pts. of valeric acid, monovalerin contains 9*0 pts.; divalerin 4*5 jds., and 
trivalcriii 3*0 pts of glycerin. Hence it appears that jdioccnin is interuiediate in com- 
position between the artificial Valerias, ami may therefore be regarded as a mixture of 
them — a eonelusion further warranted by its separation into valeric acid and glycerin 
by saponification. (Berthelot.) 

BEIPBZBXC ACZB. Phoccnic acid. The acid thus denominated by Olievrcul, 
aod discovered by him, firuSt in dolpliiii-oil and afterwanls in tlu^ ripe berries of tlio 
guelder rose, is now knowui to be identical with valeric acid. 
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SOaUBZXOrXXarB. (Lassaigne and Feneuille (1820), Ann. Ch. Phys. xu. 358 
Brandos, Schw. J. xxv. 309. O. lion ry, J. Phann. xviii. G61. Couorbo, Aniu 
Cii. Phys. lii. 352.) An alkaloid discovorod by Lassaigne and Feneuille, in the J)d. 
jjhinimn Staphisoffria, or Stavesacre. It is thus obtained : — 

The seeds, deprived of their husks, and ground, are boiled in a small quantify of 
distilled water, and then pressed in a cloth. The decoction is filtered, and boiled for 
a few minutes >vith pure magnesia. It must then he rofiltercd, and the residue left 
on the filter well washed, and then boiled with highly rectified alcohol, which dis.solvf»8 
out the alkali. By evaporation, a white pulverulent substance, presenting a few crys- 
talline points, is obtained. 

It may also bo procured by the action of dilute sulphuric acid on the bruised but 
unshelled seeds. The S(dution of sulphate thus formed is precipitated by carhoruite of 
potassium. Alcoliol separates the base from this precipitate in an impure state. Jt 
may he purified by treating it with boiling water to separate a small quantity of nitre 
then digesting the residue wdth ether, which dissolves out the pure delphinine, and 
evaporating the ethereal solution (Couerbe). The matter insoluble in ether Couerhe 
designates as Staphisaine. 

Delphinine i.s sliglitly yellow, but yields a nearly white powder. It does not erj’s- 
tallise. Its taste is bitter and acrid. When heated it melt.s, and on cooling l)eci>aif‘H 
liard and brittle like re.sin. If more highly heat<‘d, it blackens and is decom[K)setl. 
Water dissolves a very small portion of it. Alcohol and ether dissolve it very readily. 
The alcoholic solution renders syrup of viohds green, and restores the hln<‘ tint r.f 
litmus reddened by an acid. It fonns soluble iienlnil salts with acids. AlhilU ])re- 
cipitate tlie dejpln'nine in a white gclalinous stale, like alumina. 

Sulphate of D I jihinine. does not crystallise, but becomes a transparent mnss like 
gum. It dissolves in alcohol and water, and its solution has a bitter acrid taste. 

Nitrate nf ih I phinhie^ when evaporated to dryness, is a yellow crystalline mas-s. If 
treated with exc<'ss of nitric acid, it becomoH converted into a yellow matter, lilt!e 
soluble in water, but solul)lo in boiling alcohol. This solution is l)ittcr, is not 
cipitated by potash, ammonia, or lime-water, and does not appear to contain nitric acid, 
though it is not alkaline. It is not destroyed by further quantltit'S of nitric acid, 
nor does it form oxalic^ aci<l. Delphinine is distinguished from stryehniiK' ;iiid 
inorpliine by not assuming a r('d colour when treated with nitric acid. The 
cMorate is very soluble in water. 

T\\(^ Acetate of Di I phinine does not crystallise, but forms a hard tran.sparent Inc^■s, 
fitter and acrid, and readily rh'composed by cold sulphuric acid. The oiiaiate. foran 
jmall white plates, resembling in ta-ste the precodiiig salts. (Lassaigiui and Fe- 
neuille.) 

Delphinine produces nausea when taken internally, and excites a prickly luii’ning 
sensation when rubbed on the skin. It is said to act on tho norvou.s system, and is 
used as a remedy in chronic swellings of the glands. 

BBXi^HXTTlTXS. Syn. with Epidotb. 

The seeds of Delphinium Staphisaqrio. contain, in 100 pts., 
19T pt. of an oil for the most part soluble in alcohol, I’l stearin, 8T delphinine, 
together with gum, starch, &c. According to Couerbe, they contain also staphisagrine, 
and according to IIofschliigtT, a peculiar acid. 


BBIiPKIKOWS. Syn. with Vai.erone. 

^ hydrated ferric phosphate occurring at Berneau 
near Vise in Belgium, in blaek or hrowii-black kidney -shaped masses, having a per- 
fectly conchoidal fracture. Before the blowpipe, it melts to a green magnetic globule. 

neconling to Raminclsbcrg, by the formula 
^ mix<Ml with carbonate of calcium and silica. 

1 ''i P**' Chom. Ixiii. 15) analyseil two specimens of this mineral: a. from 

the locality above mentioned, b. from Leol.en in Styria. TJie former gave off 12'2 p. c. 
water at 100° C., and 13-84 p. e., more at a red heat ; the latter 12-8 p. c. at 100'=’, 
^ over chloride of calcium, the former contained 

17 02 p. c. water, the latter lfi*79. These last amoiuits of water are adopted in the 
calculation of tho following analyses, after deducting 2*08 siUca in a and 1-24 silica in b : 



Kc?<03 

Cn-^O 

H20 


20-93 

62*03 

7-94 

19-08 

99*98 

20-04 

62 54 

8-37 

19*04 

99*99 


From tho.«e analy.-^es, Tlancr deduces tho formula 2Cu’O.P’0* + 5Fe*0"J'-0* + XOn’O. 

BBSmOFFZXB. A mineral from Nischue Tagilsk in the Ural, where it occurs 
tfl a thin coating on malucluto ; it was formerly called blue malnchito. Its uvaefa^ 
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18 tolerably specular, and coTcred with fine cracks. Colour sky-blue, soinetimes with 

tince of green. It is amorphous, translucent on tho edges; brittle. Hardness ■■ 2. 
wciiie gravity 2*25. It consists essentinUy of cupric silicate. Analysis gave 31*55 
SKP, 9 53 AW, 33*14 Cu*0, 3*15 Mg*0, and 23*03 IPO. (Nordenskiold, Sill. 
A,u. J. xxiv. 116.) 

BUKDRACKATBS. Moss agate (i. 62). 

BSM'BUTSS. Dendritic or arborescent forms indicate imperfect crystallisation, 
the crystals laying themselves end to end in long aggregations, somewhat like tho 
I ranehes of a tree. This mode of ^uping is particularly frequent in bodies which 
crystallist? regular system; striking examples are afforded by the native metals, 

(•opi>or, silver, and gold. The ores of manganese also fr^uently form dendrites in 
entfks of rocks, and even in the interior of minerals, as in compact magnesite, and 
ill the vanety of carbonate of calcium used as lithographic stone. Good examples 
of artificiil dendrites are afforded by tho so-called lead and silver trees, formed by pre- 
pipit.'iting those metals from their solutions by another metal. Remarkable dendritic 
(*rvstahisation8 of iodide and chloride of potas.sium are described by Warington 
(Chcin. Soc. Qu. J. v. 136 ; yiil 31 ; see also CuYSTALLoaBAPUT, p. 159). 

DSOXXSATZON*. The abstraction of oxj'gon. This term is to a certain extent 
synonymous with reduction, but it is sometimes restricted to partial abstraction of 
oxyjien, the term reduction being applied to the total abstraction of that clement: 
tlius peroxide of manganese is said to be deoxidised by heat; oxide of silver to be re- 
fbie('<l ; this distinction is, however, not very frequently made. The abstraction of 
oxygen (or other (‘leetro-negative radicle) from a compound is evidently equivalent to 
flic* addition of a metal (or other positive radicle) ; thus the convei*sion of ferric oxide 
J into ferrous oxide Fo”0, is the same as the addition of Fe* to the former, 
Mlarehy it is eon verted into hVO*. A deoxidising agent may therefore be called a 
,it( fiil-a<ldhuj a ge iit . 

DSPHXiZSClMEATZOM'a An old term, applied to the process of freeing spirituous or 
n« id li(|uids from watiT (^jjhlegma), Tlie apparatus used for this purpose in distilleries 
ai'c cullod dophlegmators, 

DSPHLOOISTSCATIOST, or the ahstraetion of phlogiston, was, according to 
Staid's theory, the process of combustion (i. 1089). The “ dephlogisticated ” bodies 
of tin's system were in part the same as those now ealled “oxidised:" thus oxygen 
was dcplilogisticated air, litharge was dephlogisticated lead, chlorine was dephlogisti- 
cated muriatic acid, &c. 

3>i:PZlfA.TOZlZXIS, Substances used for removing the hair. Such are rhusma 
{RhuAtnn turcormu), sulphydrate of calcium, &c. 

DZ:RIM[A.Tnr. DermatlU', — A silicate of iron and magnesium, M*SiO* + 2aq. ; 
ooiMirrijig nt AValdheim in Saxony, in kidney-shaped and stalactitic masses, unctuous 
to the touch, of dark green or brownish colour. Hardness — 2*5. SpeciKc gravity 
21. Decrepitates and blackens before the hloxvpipe. 

According to two analyses by Ficinus (Min. Ges. ku. Dresden, ii. 215) it contains : 


fyiO-l 

Mg=0 

Fe*-i() 

Mn^O 

H’O CO-’ 

AOOa 

Cii'-O 

Na2() 

35-80 

40-17 

23-70 

19-33 

11*33 

14*00 

2-25 

1*17 

2.V20 

22*00 

0 12 
0*83 

0-83 

0*83 

0*50 - 100*03 

1*33 SO"-= 0*43 = 100*10 


BZSNSZTY. See SpKCiKiu Gravity. 

BSSCBOZZZTS, PbVO^ or *lPhO,V(^. An ore of vanadium frf)m La Plata. It 
is found in rhombic crystals 1 or 2 millimetres (hick, of a dark olive colour iiml 
.^trong lustre, reddish-brown by transniift»*d light, and yiidding a browrn streak. 
Hardness S o. Siwciflc gravity 5*839. Tlie crystalvS are united in botryoidal groups 
and arc implanted on quartz-rock, together with pyromorphite. On charcoal before 
tne blowpipe, the mineral yields n metallic bead of lead, together with a black slag. 
Dissolves in cold dilute nitric acid, leaving a residue of manganic oxide and quartz. 
Ihe mean of tw'o analyses gave 22*16 per cent. V“0\ 54*70 PIW 2*04 Zn*0; 
6 90 Cu’O, 5-32 Mn 0, 1*50 Fe'"0», 2*20 Tl^’O, 0-32 Cl and 9*44 insoluble residue, con- 
sisting of manganic oxide and silica. (A. Damour, Ann. Ch. Phys, [3] xli. 72.) 

BSSMXXZ. See STir.niTE, 

BBSOSLAXiZC ACZB. Syn. with Racemo-carbonio Acid. 

BSTOWATZOBT. The noise accompanying the sudden decomposition of a com- 
pound or mixture of chemical compounds, or the sadden combination of two or moro 
•ubstancos, as the union of oxygen and hydrogen under the influence of heat or 
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clectricitjr, of chlorine and hydrogen under tliat of light, the decomposition of 
nating silver, of chloride or iodide of nitrogen, &c., the combustion of sulphur o 
phosphorus when mixed with chlorate of potassium, and struck or triturated, th« 
explosion of gunjiowder, &c. In all those cases, the noise is duo to the concussion of 
the air resulting from the sudden production of a large quantity of gas ; a mixture rif 
€>xygen and hydrogen exploded by the electric spark in a tightly closed vessel, produeog 
no report 

BBVTO-COMPOUIsrDS. The proper use of the prefix dcuto (from tfin^pos) k 
to denote the second in order of the terms of any scries: thus, in the several scries of 
oxides Fe'^O, Mn"0, Mn^O^ MnW; Pb^O, Pb'-'O, Pb^O^ Pb'^O* ; 8nO, 8n()' 

the compounds Fe’O^ MuH)*, PlrO, SnO* arc, proptudy speaking, the deutoxides’of lli^, 
respective metals, the dutio denoting simply the place of the compound in the series 
notits atomic coni) losil ion. Siieli, indeed, wiis the original use of this prefix; hut it 
has often Ix'cn confoiindtal witli hi or f//, which properly refers to the consiitutioji ..f 
the compound, as compared with that of the. yjro/e- or /nowo-eompound of the isaiue 
series. It is not at j)resent so much used as formerly. 

BBVOirXTE. iSyn. with WAVELurrE. 

BEWBTXiZTE. An amorphous hydrated silicate of magnesium, occurring with 
serpentine at Midtllefi(*ld, Massachusetts, in I’exas county, Pennsylvania, at Ihiro 
Hills, Maryland, and in the Tyrol. Hardness -2 to 3-5. ►Specific gravity - 2 ‘24(; 
Middlefield (Shepard); 2‘19 to 2*31, Haro Hills (Tyson); 2*210 ilrid. (Thom- 
Bon); 1*936 to 2*155 Tyrol (Vcllucher). dolour, whitish, yellowish, wine-yellow, 
greenish, reddish. Translucent. Brittle and often much cracked Before the blow- 
pipe it decrepitat(‘S, boeomes opaque, aud fus(‘s with great diiiiculty on tlio edges. In 
powder it forms with borjix a transparent gljuss. 

* Analyses , — a. Middlefield (Shepard, Sill. Am. J. xviii. 31, 1830; analysis im- 

? erfect). — h. Texas, Pennsylvania (Brush, DamCs Mh( ralogy^ ii. 286). — c. Bare 
lills (Thompson, Pliil. Mag. 1843, 191). — Tyrol (Ve 11 aeli er, /eitseh (.ieol. 
Gc'sellsirh. iii. 222). — e. Ibid. (Kohell, Miinch. g(‘l. Ang. xxxiii. 1). --/. Ihid. (Wid- 
termann, Jahrb. ge(d. Ibucbsanst. iv. 525.) 



Si 02 

Mk-’O 

Cu2() 

H’O 

A1H)3 




a. 

40 

40 

, , 

20 


• • • » 


100 

b. 

43*15 

35*95 

, , 

20*25 

trace 

• • • 


99*35 

c. 

40*16 

36*00 

0*80 

21*60 

trace 

1*16 

S- 

99*7*2 

d. 

40*40 

35*85 

. . 

22*60 

, • 

0*38 Apatite 0*78 

= 

100 

€. 

41*50 

38*30 


20*50 


=S 

100*30 

/. 

40*82 

36*06 

. . 

21*72 

. . 

0*4^ CO** 0*59 


99*61 


Hence the formula 4Mg^0.3Si0* + 6 aq. or 2Mg‘‘^SiO‘’.Mg\SiO^ + 6 aq. 

The mineral from liaro Hills, and tliat from the Tyrol, analysed by Widtenriaiiu, 
have been called (jymmiU'; but they belong to the same species as the rest. 

An cartliy variety from the Tyrol yielded 49*06 SiO", 28 50 Mg*0, 16*25 IT‘^0, 0*09 
Fe^O“, 4*76" CO* (— 99*28), (Widtermann.) 

BEXiTBTKT . (]*'H’'’()'', or C*"//*® O'®. lirilii<h Qum. Jjf incomp, (B i o t and P e r s o z, An a. 
Ch. Phys. [21 lii. 72. Jbiyen, ibid. Iv. 225; Ixi*. 372; Jxv. 225, 334. Guerin- Varry, 
ibid, lx. 6S. J acqiie lain, [3J viii. 2*25. Becharnp, Coiupt. rend. li. 256. Gm. xv. 
185.) — When starch is subjected to a high temperature, or to the action of dilute acids or 
alkalis, or ot diastase, it is converted into a new substance, identical in composition, 
but jw.ssessing totally different properties, being completely soluble in boiling water, 
and forming a solution wdiicli turn.s the plane of j)olarisation of a luminous ray to the 
right; hence the name dextrin. Tliis compound is also formed from starch by the 
action of saliva, bile, blood-semin, pancreatic juice and other animal matters, and by 
the action of light upon starch-paste. 

Preparation,— \. By submitting starch to gentle torref action. The stjirch in the 
state of i)owder is plsced in a thin layer in a shallow iron vessel with double hottom 
contuining oil, which is heated to a temperature nut exceeding 160"^ C.; it may also be 
heated in revolving cylinders, like those used for roasting coffee. The operation is 
finished when the substance exhibits a light brown colour, and exhales the odour of 
strongly baked bread. 

2. One part of starch is acted upon by ^ pt. oil of vitriol and 2*8 pts. water. The 
Bcid 18 mixed with part of the water, and the starch stirred up with the rest ; the 
diluted acid IS gradually poured upon the starch, and the mixture is kept for some 
time at 90° 0. The dextrin is precipitated l>y alcohol from the clarified solution (Biot 
and 1 ersoz). Dextrin so prepared cannot be purifled from sugar which is formed at 
the same time and adlieros to it, except by di.saolving it at least ten times in wat<T| 
uid precipitating the solution with alcohol, which should not bo employed in excess. 
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8 Hy tho action oi dilute acids aided by heat. To convert 1000 pta. of dry starch 
* to dextrin by this process, it is mixed with 2 pts. of nitric acid of 36® Bm. diluted 
300 pts. of water, and spread in layers about an inch thick on brass drawers 
'Sl iced in an oven heated to 110° or 120° C. The transformation into dextrin is 
fwiipleted in about an hour and a half. (P ay e n.) 

4 ^ JJv the action of diastase. 400 pts. of water aro heated to about 76® C. with 5 pt.-^. 
of ground malt, and 600 pts. of starch added by small portions at a time. The 8taa*h 
dissolves, and, as soon as the solution is complete, the water is rapidly heated to the 
boiiing point, to arrest the action of the diasttise and prevent the formation of glucose*. 
The Holution is then filtered and concontrated to the consistence of syrup, in a boiler 
heated by steam and provided with a mechanical agitator. The second process yields 
tlie purest product. 

l*ri>pi:rtii‘s. — Dextrin is an uncrystftllisable, solid, translucent substance having the 
;!.p( ct ofguin arabic. It is soluble in water and in dilute alcohol, but insoluble in absolute 
iilc'dhol. The jujuoous solution is perfectly limpid and becomes giiinmy by concentration. 
Its optical rotatory power is 138-08° to the right (Paycn) = 170° (Dech amp.) 

Jhcanipo.ntio'iis. — 1. Dextrin is not coloured blue by iodine . — 2. Dy boiling with 
(Ihufr acids and with caustic clkalis, it is converted into glucose. When a solution of 


(h'Atviii is mixed with a small quantity of caustic imtash, iu\q\ a dilute solution of 
sidjdinfc of copper added drop hy drop, the liquid aequires a d(*ep blue colour and 
rriii iins limpid in the cold ; but if heated above 86° C. it quickly decomposes and 
.Icitosils a red crystalline precipitate^ of cuproiLs oxide. This pniperty distinguishes 
(Icxtriu from gum arabic. — 3. Dextrin heated with nitric add docs not yield mucic 
.•ici.l. Imt only oxalic, and perliaps a little saccharic acid. — 4. A mixture of nitric and 
s'lffd/nrir aeid.s converts dextrin into a nitro-compound resembling xyloulin, soluble in 
water, ])ri'cipital)le by sulphuric acid (Flores Demon te and Menard, Conipt. renrl, 
x.viv. :iUl). According to Docliump, this compound is di nitro-doxtrin, C'Tl*(NO‘)‘-'0'. 
- .5. A solution of harpta in wood-spirit forms with dextrin a copious precipitate 
iasohil)],* in wood-spirit, but soluble in excess of water, es])cciully when liot; it 
contains 1()’7 percent, baryta (P ay en). — 6. Dextrin is also precipitated hy lime . — 
7. Tile solution of dextrin in water or in aqueous alcohol does not precipitate fuTher 
iicutrril or baric ardaf.c of lead; but on adding ammonia, a white precipitate Is 
fnrnied conliiiniiig CHI'"0*.Pb^O. When heated to 180° C. it turns yellow and appears 
fp lose ^ at. wafer (Puyen). Dextrin is precipitated by stannous chloride, but not by 
/ rrnuft Sidvhatc. 


Firs.— Dextrin is applied to a variety of useful purposes ; it may, indeed, be used in 
Hlmost all cases in place of gum arabic. It is employed for stiffening calicos and other 
cotton st lilts, fur tlie application of mordants in calico printing, for the silking of paper, 
for tlin adhesive layer at the back of postage-.starnp.s, &c. In surgery it is used for 
making bandages, which become V(!ry hard when dry, but are easily removed by moans 
of warm water. 


Ft tlicsc technical uses, the crude solution of dextrin is often used, just as it is 
olitaiiuri by flic action of diastate or sulphuric acid upon starch ; in the latter case, 
the free acid is iientralisod with chalk and the liquid evaporated. The syrup ol 
dextrin thus produced likeM-ise contains unalbn-ed starch, sugar and water, the 
rriatiYc quantities of tlicsc substanc(*.s varying acccording to the mode of preparation. 
Pextriii-syrup is very lialde to decomposition. 

Fstimaiion . — To estimate the quantity of dextrin in a solution likewise containing 
glucose, Qciitele determines the total amount of both these bodies by means of a 
standard solution of potassio-cupric tartrate, and then estimates the glucose with 
an alkaline solution of f<*rricyanide of potas.sium (red prussiate), which does not 
act upon dextrin. The difterence of the two determinations gives the quantity of 
dextrin. 


In the viscous fermentation of saccharine liquids, a gummy matter is formed which 
hears considerable resemblance to dextrin. It is soluble in water, uiicry stall izable, 
insoluble in alcohol, and precipitated by alcohol from its aqueous solution. Dried at 
tno heat of the water-bath, it is vitreous, transparent, and exactly resembles gum- 
arabic, with wliich it likewise agrees in composition ; nitric acid converts it into oxalic 
lu-id (Tilloy and Maolagan, Phil. Mag. [3] xxviii. 12). 

llccliamp has lately shown (Compt. rend. xlii. 1210) that the production of dextrin 
y lie action of dilute acids or of diastase on stareh is preceded by the formation of 
iin intermediate substance, which may be culled soluble starch, inasmuch as it is 
sriublft in water, but retains the power of forming a blue colour with iodine. This 
•^olulde stareh possesses an optical rotatory power much greater than that of dextrin. 

^Staucii.] 

VvUulosc dextHn . — Cellulose subjected to the action of strong sulphuric acid yields 
* product resembling ordinary d'».xtriii in many of its properties, but deflecting the 
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pUne of polarization 86® 9' to the left instead of to the rights and yielding a some* 
what different product with nitric acid. (Bichamp.) 

HWTBZMr-SUOiiB. This name is applied by Ventzke to an nncrystallisable 
dextro-rotatory sugar, probably a mixture of dextrin and glucose, 

BUZTimr STHtrv. Soe Dextrin. 

BfiXTBOllACXaiMCZC or BfiXTROTARTA&ZC ACZB. Ordinary tartaric 
acid is thus designated, to distinguish it from Isevo-raconiic, Isevo-tartaric, or anti- 
tartaric acid (see i, 348 ; also Tartaric Acid and Racemic Acid). 

DIABASE. This name, synonymous partly with greenstone, partly with diorite^ is 
applied to rocks consisting of crystallo-granular mixtures of augito with felspar (olij»o- 
claso or lahradorite) usually interpenetrated with earthy or scaly chlorite. Diabase 
has a specific gravity of 2’80 to 2*96 ; it is massive, coarse or fine-grained, often strongly 
fissured, sometimes with columnar or laminar separations, sometimes having a slaty 
stnicture. The oligoclaso and lahradorite in the mixture form either distinct crystals, 
or tabular or granular crystalline aggregates, of a white, greyisli, or greenish-white 
colour, also rwidish or brownish. 'J'he augite is granular, or in prisms of various 
lengths, green, browm, or black, often resembling hyjK*rsthrne. The chlorite, which 
pnetrates the entire mass and gives it a green tint, is probably not an original con- 
stituent of the rock, but a product of decomposition, inasmuch as the amount of the 
water found by analysis is too great to bo ascribed wholly to chlorite. (Ilaiidw. d. 
Chem. 2‘« Aufl. ii. [3] 420.) 

DZABBTIC StrOAB. Tho sugar found in considerable quantity in the urine in 
cases of Diahites nullitm, was formerly regarded as a distinct kind of sugar, but is now 
known to be identical with dextro-glucose. (See Gr.ucosi), Sugar, and Ukink.) 

DZACXiASITE. A variety of augite, intermediate in composition between 
diallage and liypcrsth cue, found in the Hamburg forest in the Harz. According to 
Kohler’s analysis (Dogg. Ann. xiii. 101), it contains 63*7 p^r cent, silica, 251 mag- 
nesia^ 11-5 ferrous oxide, 3*7 w'uter, 1*3 alumina, and 0*2 manganous oxide, llaus- 
mann {liandh. d. Mineral, ii. 498) regards it as a distinct species ; but the laigo 
amount of wutt'r, and the comparatively low degree of liardiiess of the mineral 
( » 3-6 to 4*0) indicate an advanced stage of decomposit ion. 

DIADOCBITB. Vfws'ph.oreisensmtcr. — A mineral consisting of hydrated ferric 
phosphate and sulphate, from the alum-slate near Griifenthal and Saalfeldin Thuringia. 
It occurs in reniform or stalactitic masses, witluurved lamellar structure and conchoiilal 
fracture. Hardness = 3. Specific gravity = 2*03. It is translucent or opaque, with 
waxy lustre, and wax -yellow to yellowish-brown colour, Streak wliite. Heated in a 
tube it gives off a largo quantity of acid water. licfore tho blowpipe it swobs tip .muiI 
fuses on the edges to a black magnetic scoria. According to Plattner’s analysis 
{Hammdsberg's Miner alchemic, p. 360) it contaijjs 14*82 per cent. P'-’O®, 16*4 SO', 
39-69 Fe^O’’, and 30*35 water, agreeing nearly with tho formula^ 3Fo^O*.2P-0* + 
ICPOy") 

2(Fe^0^2S0*) + 32ir‘0 = 4(SO''')">0*® + 32IPO. When heated with water it gives 
op 12-6 per cent SO*, but no ferric oxide. 

^ DXAOOMBIBJi^ An electrical apparatus, intended for the detection of adultera- 
tions in olive oil, this oil being said to have less electric conducting power than other 
fixed oils. (Rousseau, J. Pharm. ix. Dec. 1833.) 

DZAOOB'ZTB. Syn. with Brewsteri'ie. 

I>ZAORYDIirM. An obsolete name of scammony. 

8chill<r-spar (in part).— A variety of augito, occurring chiefly in 
a rock closely related to serjwmtine. It is thin-foliated and easily cl eavable; 
luminm brittle. Colour, various shades of green, grey, and brown, sometimes bronze, 
or nearly metallic. Specific gravity 3*11 to 3-227. It is related to bronzite and 
nypersthone, but is distinguished from them by tho large amount of lime which it 
contains, A specimen from Odorn, analysed by Delesse (Ann. Min. [4] xvi. 34) gave 
49-30 per cent. SiO*, 17-61 Mg*0, 15-43 Ca*0, 9-43 Fe*0, 0*51 Mn*6, 6*60 Al^O*, 
0-30 Cr^O*, 0-85 loss by ignition, 

(For other analyses, see HamnicUherg's Mineral chemie, p. 465.) Diallage heated in a 
tube yields water, and assumes a paler colour ; on charcoal it fuses with difficulty on 
n. grey slag ; with borax it forms a glass coloured by iron* Bischof 
{Ch(mical and Thysicai Geology, ii. 331) reg-ards diallage, bronzite, and hypersthene 
as altered a igites, and supposes that a farther alteration miglit CQnvort them into ser- 
pentine. 



DIALLAGITE — DIAIURIC ACID. Sl« 

n y ^ T.T, A CiiTg* DXAXiXiOOXTB. DUIbOOZTS* Katire carbonate of nan* 

gjinese (i. 789). 

DXAli&TX-iniSA. See Caubamtdb (i. 764) and Sinapounb. 

Uramil, C*H*N*0* a N.C*H*N*0*»H*. (Liebig and Wohler, 
Ann Ch. Pharm. xxvi. 274, 313 and 323.) — Laurent, regarding dialuric acid as dibasic, 
derives dialiiramide from 2 at. ammonia, and writes it C^H'^N^O* « N*.C«H«N*0« H*. 

This compound is formed when solutions of alloxantin and chloride of ammonium, 
both freed from air hy boiling, arc mixed together ; it crystallises out, and the mother- 
liquor contains alloxan and hydrochloric acid (see Alloxantin, i. 139). It is also pre- 
I);ired by boiling an ac^ueous solution of thionuric acid, or ttiionurate of ammonium, 
with dilute liydrochloric or sulphuric acid, till it becomes turbid, and allowing it to 
ciwl ; even if the solution be not concentrated, it solidifies to a crystalline magma of 

dialuramide ; 

C'H^N^SO* + H^O * + H*SO*. 

Thionuric 

acid. 

Dialuramido forms white ha^ needles, united in tufts, having a silky lustre, and 
turning red when exposed to air containing a tmco of ammonia. It is insoluble in 
cold water ; slightly soluble in boiling water, whence it separates on cooling. Soluble 
ill cold Hulphuric acid, and precipitated unchanged by water; soluble in cold potash 
or iiniTTionia, and reprccipitated by acids. 

JMcompositions. — 1. Dialuramide treated with nitric acid evolves nitrous fumes, 
and forms a solution which yields alloxan on evaporation, nitrate of ammonium remain- 
ing in solution : 

+ 0 C*H-N*0' + NH». 

2. When a hot dilute solution of potash is saturated with dialuramide, ammonia 
is evolved, and a pale-yellow solution formed, which absorbs oxygen from the uir, 
gr.nhiiilly becomes purple, and deposits gold-yellow crystals of potassic purpurate. The 
motlier-liquor contains alloxanate and mesoxalate of potassium. — 3. A solution of dia- 
lnrnniide in ammonia i.s decomposed by boiling, turns purple, and on cooling deposits 
ciyst.iils of ammonic purpurate (murexide). The same solution mixed with aqueous 
alloxan yields murexide. Murexi<lo is also obtained w'hen argentic or mercuric oxido 
is gradually added to dialuramide suspended in boiling water, the metal being reduced, 
without evolution of gas, and a purple liquid formed ; the slightest excess of oxide 
decolorises the solution, which then contains ammonic alloxanate : 

2C'H»N'0» + 0 == C“H»NW + H“0. 

Murexide. 

4. Wlicn a solution of dialuramide in svJphuric acid is diluted till it begins to be turbid, 
and boiled for some time, the water V»cing renewed, uramilic acid separates on cooling, 
^immnnic sulphate being simultaneously formed. If too much sulphuric acid bo present, 
DO uramilic acid is obtained. — 5. Dialuramide heated with iv\p^oviB cyanate uf potas^' 
is converted into pseudo- uric acid. (Schlieper and Baeyer, Pogg. Ann. cxii, 

C'lPN'O” + CNHO = C»IPN‘0^ 

Dialuramicle. Cyanic Pi^eiulo-urlc v rp n 

acid. acid. -T. 1. D. 

maumc ACTD. C^HWO*. (Liobig and Wohler, [1838] Ann Ch. 
Pharm. xxvi. 276.) — This acid is the final product of the action of reducing agents on 
Hlloxan. It is formed: 1. When sulphuretted hydrogen is passed through a boiling 
aqueous solution of alloxan until no further action takes place : 

+ H*S =: + S. 

Alloxan. Dialuric acid. 

2. Together with other products, by the action of cyanide of ammonium or cyanide of 
petassium on aqueous alloxan : 

2C^n*N*0* + NH> + H*0 « + C»HWO> + CO* 

Alloxan. Dialuric acid. OxaUn. 

2C'H*N*0» + 21010 = C*H»KN*0< + C»II*KN*0^ + CO*. 

Alloxan. Dialuratw of Oxalurate of 

potaisium. polasilum. 



DIALYSIS. 


The hydrocyanic acid does not itself enter into these reactions, but merely acts hi the 
manner of a ferment (Strecker, Ann. Ch. Pharm. cxiii. 49.) 

Dialuric acid is prepared by dissolving dialurate of ammonium in warm hydrochloric 
acid ; diahiric acid crystallises out on cooling. Dialurate of ammonium is tlius pre- 
pared : — 1. By saturating with sulphuretted hydrogen a boiling aqueous solution of 
alloxan, filtering from deposited sulphur, and neutralising the acid filtrate with carbo. 
nate of ammonium, — 2. By treating aqueous alloxan with zinc and hydrochloric acid 
decanting from the precipitated alloxantin, and adding to the solution sufficient car- 
bonate of ammonium to rediasolve the precipitated hydrate of zinc. — 3. By addin'r 
hydrosulphato of ammonium to a solution of uric acid in dilute nitric acid, until the 
mixture is barely acid to litmus ; washing the resulting precipitate with cold water, dis- 
solving it in boiling water, and neutralising the solution with carbonate of ainmouium, 
when it solidificH into a crj’stallino mass of dialurate. 

Dialuric acid forms colourless needles, resembling those of alloxantin ; they must bo 
rapidly separat'd from tlie mother-liquid and dried. They redden litmiis strongly ; they 
are not very soluble in water. Tlieacid neutralises alkalis completely, forming clcfinitf 
salts, dialurates, which arc sparingly .soluble in cold water, and in the dry state arc, 
permanent in the air. The ammonium-salt crystallises in silky needles, which become 
rose-coloured when dried at the ordinary temperature, and blood-red at 100'- C,, being 
converted into purpurate of ammonium : 

2C^H»(NH*)N20‘ 4 0= + ZWO. 

Their solution reduces silver-salts. The harium-sali is white. 

According to the alxive formula, dialuric acid is monobasic; Laurent regards it as 
dibasic, and proposes to douVde its formnla. 

Decompositions. — 1. An fupicous solution of dialuric acid is decomposed by boiling, 
oxalic acid and other products being formed. 

2. Dialuric acid (crystallised, or in aqu{K)us solution) is converted into alloxantin 
by exposure to tho air (see Alloxantin, i. 138) : 

2C<H‘N20< + 0 = CH'N'O^ + 2n20. 

Alioxunliii. 


3. Aqueous dialuric acid mixed with aqueous alloxan deposits ciy’stals of alloxan- 
tin: 


4 = C«IDN^O' + H^O. 


F. T. C. 


XIXAXiTSXS. A term applied by Graham to the separation of certain substances 

liquid diffusion. Soluble substances exhibit great diversity in their degrees of diffu- 
sive mobility, and may bo divided, as regards tliis property, into two classes, the more 
diffusible being either them-selves crystal! i sable, such as common salt and sngai’, or 
closely related to the crystalline class, such as alcohol : hence they are called crystal- 
loids; while the less diffusiblo arc those which are incapable of crystalli.sijig, but 
exhibit a great tendency to assume the gelatinous form; these are called colloids, 
after gelatin {colle), which may bo regarded as the tyqie of the class : among these may l>e 
mentioned hydrated silicic acid, hydrated alumina and other sesqiiioxides of the 
aluminous class when in the soluble state, also starch, dextrin, gum, caramel, tannin, 
albumin, gelatin, and oxtnmtivo matters both animal and vegetable. The diifiisiou of 
these bodies is extremely slow. 

Now it is found that certain gelatinous substances, such as starch-paste, animal 
mucus, pectin, Payon’s vegetable gelose, and other colloidal hydrates, are easily per- 
meable, when in mass, to tho more highly diffusible class of bodies, but offer great 
resistance to the passage of the less diffusive, and arc completely impervious to col 
loidal substances like themselves. Hence such substances afford an easy means of sepa- 
rating ciystalloi'dal from colloidal bodies, when tho two exi.st together in a liquid : a mere 
film of the jelly is sufficient to produce the separation. A very convenient substance for 
the purpose is the vegetable or paper- parchment, obtained by immersing unsized paper 
for a short time in sulphuric acid of a certain strength (i. 819). A sheet of this parch- 
ment stretched on a hoop of thin wood, or gutta percha, forms a very convenient 
dialyser. The fluid to bo dialysed is poured into the hoop to the depth of about 
half an inch, and the whole is floated on water. The more diffusive substances then 
pass through the septum, leaving the less diffiisivo behind. 

When a mixture of sugar and gum was placed in the dialyser, f of the sugar passed 
through the membrane in 24 hours without a trace of the gum. vnien a solution of 
silicate of sodium mixed with hydrochloric acid was treated in like manner. { of 
silicio acid was left upon the dialyser at tho end of five days, without a trace of hydpp^ 
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chloric acid or chloride of sodium. Half a litre of urine dialysod for 24 hours gave up 
rill itd crystalloidal constituents to the water, without a trace of mucous or gelatinous 
niatter, so that the aqueous solution, when evaporated, left a white mass, from which 
iirt a was extracted by alcohol in so pure a state as to appear in crystalline tufts when 

the alcohol was ovaporuted. u i ^ ^ 4 . 1 , *• c • 

The <lialytic process is exceedingly well adapted to tho separation of arscnious acid 
Hiid other metallic poisons from liquids containing organic matter. Milk, defibrinated 
bloxl, and otlier organic substances, mixed with a few milligi'ammcs of arsenic, and 
iiitn>ductd into the dialyser floating on water, give up the greater part of the arscnious 
;ii id to the water in the course of 24 hours, and the difliisato is quite free from organic 
mutter, so that the arsenic maybe immediately precipitated by sulphydric acid and 
\\i i<rhed as sulphide. [For further details, see Liquids, Diffusion of.J 

diamagnetism. Many substances, c. g, bismuth, antimony, tin, cadmium, 
:in<l gold, when brought near either pole of a powerful magnet, are repelled fi*om that 
pole ; and if a bar of sudi a substance be suspended between tho poles of a horse-shoe 
magnet, or the op^KiKitc poles of two bar magnets, it places itself cquaUmally^ or at 
rioht angles to the line joining the two poles. Such bodies are said to be diamag- 
ni li<*, in contradistinction to magnetic bodies, like iron and nickel, which are 
attrai'ted by tlio magnet, and place themselves axially, that is in the line j'oiiiing two 
opposite poles. Diamagnetism does not, however, appear to bo u distinct property of 
mallri’, I Jie tnio explanation of tho phenomenon being that all substances, including 
rlie air, are magnetic, and that the so-called dianmgnetic substances are those whicli 
an- I'ss magnetic than the air, and eoiiHcquently when brought near a magnetic pole, 
r.ri'de from it, j'ust as a l»alloon recedes from the earth, because it is l(‘ss attracted by 
the fartli than an equal bulk of tlie surrounding air. (See Maonktism.) 

DIAMOND. The purest form of carbon. It is almost always crystallised ; nircly 
Tii i"''iM‘. Tiio crystals belong to the regular system, exhibiting the simple forms 
n. yO, tuOxi, ih'On 149, lol, 185, 187) more raredy o&Oco and;7<Ooo {Jigs. 150, 
is;;,, and the eombinalions 0 . ooOao {fig. 161), 0 , ccO {fig, 199 &c.). The hemi- 
lir iial f irms of 0 and hX)n liki'wise occur, llic former especially in twin-crystals like 
:vil (p. 160). Twins like; fig. 319 arc also foniul. Tlio crystals usually have 
I , iivi N fui's, th(* convexity lieing soim timcs so great as to give them tho appearance of 
n MM(hd grains; they are often dislorted and irn'gular, generally implanted singly, 
si>iiuliit)cs grown together in crystalline .aggregates. Cleavage octahedral, perfect. 
I’r ii t are eonehojdal. d’he diamond lias a speeilie gravity of 3*5 to 3'6, and its hardness 
oi- iinted hy 10) is the highest known. It is eolmirleKS or white, tinged, occasionally 
With yellow, red, orangi*, green, brown, er black ; transparent, or, when dark-coloured, 
Ina.slueeiit. Its lustre is that known as adamant iiie. When nibbed, whether in tho 
roiigl) or polished state, it shows positive eloetrieity. It becomt'S phosphorescent on 
ixpn.viire to tlie sun or the electric spark, and shines witli a fiery light. In it« power 
('1' ri'lVactiiig liglit it is I'xceeded only liy red lead ore, and orpimeiit. Its index of 
n rriicfinri is 2-439, It rellects all tlu' liglif falling on its posterior surface at an angle 
cf iiifideiice greater than 21° 13', whenct^ its great lustre is derived. Artificial gema 
rethrt only the half of this light. Diamond is iusoliiblein all liquids, and infusible even 
ht fore the oxy-liydrogen blowpipe; in the flame of the oxygen-blowpipe it burns away, 
Jtrodu. ing carbonic anhydride, and leaving only a very trilling residue of ash. Sir 11. 
Ihivy, ill 1814, first showed that the diamond consists of pure carbon, by burning 
fiiuinoiKls in an atmosphere of pure oxygen ; and his conclusion has been confirmed by 
tho experiments of Dumas and Stas (Ann. Cb. Phys. Ixxvi. 1) and of Erdmann 
and March and (J. pr. Cheni. xxiii. 159) made with larger quantities of diamond, 
and with attention to every condition necessary to ensure accuracy. 

Diamonds are found chiefly at Minas Geraes in Brazil ; in the Ural ; in India, at 
Dnrteal between Hyderabad and Masulipatam, where the famous Kohinoor was found, 
also near Parma, in Bundelcnnd. A few' also have been found in Borneo, in Georgia 
and Nortli Carolina, and on the banks of tho Turon in Australia. 

Tlie diamond appears generally to occur in regions which afford a laminated p’anular 
qimrtz-roek called itacolinnitc, w'hicli belongs to the taleose series, and owes its lami- 
nution to a little talc nr mica; this rock occurs at the mines of Brazil and the Urals, 
also in Georgia and North Carolina. Diamoiitis have also lK*cn detected in a speenVa 
nfcorjglomerate composed of ixmnded siliceous pebbles, quartz, chalcedony. &c., cemented 
W a kind of ferruginous clay. At Minas Geraes in Brazil, tlio diamond is found in 
two different deposits; one called gurgvlho, consisting of Imiken quartz ami covered 
yy a thin bed of sand or earth; the other, cascalho, of rolled quartz peliKIe.s united iiy 
H ferniginous clay, resting usually on talcosc clays, tie" whole being the debris of 
bileose rocks. The first deposit yields the finest diamonds, and both contain also 
g'fld, platinum, magnetic iron, rutile, &c. 
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The most highly valued diamonds are those which are colourless and peifiotH 
transparent; hut to give them the peculiar brilliancy for which they are chiefly prized 
it is necessary to cut or grind tlieni, in a peculiar way, bo that the light falling on the 
gem in any direction may be perfectly reflected from ono of its lower faces. A diamond 
may be split by a steel tool in the direction of tlie natural cleavages ; but as this does 
not give the means of producing faces in any direction that may be required, it 
becomes necessary to resort to the process of abrasion, technically called “ cutting.’* 
This is effected, either by rubbing two diamonds hard gainst each other, or by 
pressing the diamond against a rapidly revolving disc covered with diamond 
dust; this last method serves also for polishing. The dust for this purpose is 
obtained either in the process of abrasion, or by pounding rough diamonds, which are 
too opaque and highly coloured for gems, in a steel mortar. Such diamonds are called 
“ bort.” Diamond-dust is much used also for cutting and polishing other gems. 

There are two forms given to cut diamonds, the brilliant and tho rose. The 
rose is flat on the lower surface, wdiile the upper portion is fashioned into a pyramid 
of twenty-fi>ur faoets. The French brilliant consists of two truncated pyramids placed 
base to base : the upper portion, called the 'pavilion or crown^ is half as thick as the 
lower, and terminates in a broad face, called the inhUy which Inis half the diameter of, 
the entire stone and is surrounded by triangular and rliombic faces ; the lower part of 
the brilliant, calh*d the ciilasup^ is pyramidal and terminates in a flico having i the 
diameter of the stone. (For further details on these fonus, and on the methods of 
ditting and polishing diamonds, see lire's Dictionary of Arts, Manufactures^ and Mines, 

The weight, and coiisequentily the value of diamonds, is estimated in carats, one of 
which is c*qual to four grains; and tho price of one diamond, compared t-o that of 
another of equal colour, transparency, piu-ity, form, &c, is as the squares of the 
respective weights. Tho average price of rough diamonds that are worth working, is 
alxiut :£2 for the first carat. The value of a ent diamond being equal to that of a 
rough diamond of double weight, exclusive of the price of workmansliip, the cost of a 
nfMught diamond of 

1 carat is £S 

2 „ „ 2* X £8 32 

3 „ „ 3* X 8 = 72 

4 „ „ 4'" X 8 * 128 

100 „ „ 100 * X £8 = 80,000 

This rule, however, is not extended to diamond.^ of more than twenty carats. I'he 
larger ones ai*e disposed of at prices wdiich cannot be r(‘ducod to any fix<al rule. Tho 
snow-white diamond is most highly prized hy the jewtdler. If transparent and pure, 
it is said to be of the first water. 

The hardness of tho diamond renders it very useful for ongraviug uiul (‘Utting glass. 
The sharp point of a natural diamond will scratch glass, hut tlio cutting is i*flcc(cd by 
the curved edges formed Viy tho intersection of the convex-faC(*s ; sueli an edge pene- 
trates tlie substunee of the glass like a wmlge. Wollaston showed that rubies and 
sapphires ground so as to have curved edges will cut glass just like a natural diamond ; 
only, being inferior in hardness, they wear out sooner. 

Tlie diamond is supposed to liavo been formed by tho slow deconqwisition of sonto 
vegetable or bituminous material. Mumorous attiuiipts have been made to produce it 
art-ificially. Gannal sup{K)sod that he had obtained diamonds by d<‘conq)Osing sulphide 
of carbon with phosphorus. Recently, Bespretz .states that ho lias obtained micro- 
scopic octahedrons, having the hardness of diamond dust, l>y the prolonged action of 
an induction-cui-rent on sugar-charcoal; also by the action of an electric current con- 
tinued for six months on ono of the chlorides of carbon (not particularly specified) ; 
warty liodies are said to have been thus |)roduccd, nearly as hard as those just men- 
tioned and exhibiting shining faces. Artificial diamonds, if they could be prepared at 
a moderate cost, would bo veiy useful for tlie grinding and polishing of gems, ghiss. 
and other hard bodies. Diamond dust is found to give a finer edge to cutlery than 
can bo obtained by tho use of any other material. (Handw. 2*« Aufl. ii. [3] 431.) 

ASAJfA. The name applied by the older chemists and alchemists to silver; hence 
the dendritic amalgam precipitated by mercury from a solution of nitrate of silver was 
called Arbor Diana, 

]>XA3HrsC AXJTHm Von Kobelfs name for an oxide which he obtained from the 
tantalito of Tammela in Finland, the samarskite of the Ilmengebirg, and other similwr 
minerals, and supposed to contain a metal diftci-eut from tantalum and niobium. The 
oxide after boiling with water was said to be Ic.vs soluble in water than tantalic W 
‘ liypooiobio acid, and, when srpayated from its potash-solution, and treated witlititi- 
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foil an^ hydrochloric acid in certain proportioiia, to form a dark blue liquid which 
bt-caroe sapphire-blue on addition of a small quantity of water. According to H. Kose, 
Deville, and Damour, however, the so-called dianic acid does not differ essentially from 
the acids of niobium. J^se attributes the characters observed by Kobell to the 
presence of a small quantity of tungstic acid. 

DIAinTlI. Von Kobell’s name for the tantalite of Tammela in Finland. 

BZAPBiklB'XTZM Syn. with Difuanite. 

DXAPHO&XTS* Khodonite or silicate of manganese mixed with quartz. 

PZA8FOBZS. Laminated Hydrarqyllite. — Native monohydrate of alumina, 
Al"110% or A1*0*.H*0. Occurs crystallised in orthorhombic prisms, exhibiting the 
fac< s ooP. oc/1'3 . oDp'l . oofoo , 2 P 2 . 2Pqo (Marignac and others). Jncliiiatioa of 
cx)P:ooP 130° 2' (Dufr^noy, Compt. rend. xxxi. 186); — 130° 30' (Shepard, 
Sill. Am. J. [2] xii. 215); *= 129° 32' (Kongott, Wien. Akad. Bor. ix. 610) ; P : P 
in the brachy diagonal principal section = 151° 26' (Dufr5noy); *= 152° 30' 
(Shepard); “ 151° 30 (Marignac, Arch. Ph. nat. vi. 2Q6). P ; ooP in all direc- 
tions= 125° 17' (Dufr5noy); = 125° (Shepard), llatio of axes a . b \ c ^ 0*3018 : 

1 : 0-468 (Marignac). The crystals are usually flattened misms, sometimes acicnlar, 
eoniinonly implanted. Cleavage very distinct parallel to ooPoo ;) less distinct parallel 
to aP2. It occurs also foliated massive. Specific gravity 3*452 (DufrtSnoy), 
Hardness = 6‘5 to 7. Colourless, yellowish, grermish, or bluish; transparent to sub-t 
tiiiiislucdit. Lustre brilliant and pearly on the cleavage-planes; vitreous elsewhere. 
Viry brittle. Gives off water wlien heated in a tube ; is infusible before the blowpipe ; 
tiirn.s ldu(! when moistened with cobalt-solution and ignited. Not attacked by acids 
afttv ignition, 

Anulf/m~a.^ From Scheinnitz in Hungary (Lowe, Pogg. Ann. Ixi. 307); b. from 
Minsk in Siberia (Hesse, ibid, xviii. 255) ; c. from Gnniucli-dagh in Asia Minor 
(.1. L. Sriii th, Sill. Am. J. [2] xi. 58) ; d, c, from Siberia (HufriSnoy, Ann. Min. [3] 
X. 1)77, 1837): 


A PC’ H-0 Fe*0 Fe<0» SiO* Ca^O Mg^O 

a. . 85*131 1500 100*13 1 

b. . 85-44 14 '56 -100 

<*. . 83- 12 l4-‘28 0*06 . . 0-3!5 traces tract's = 98*88 

d. . 7H-93 15-13 0*52 . . l-.'Jl) 1*08 . . =» 97*95 

. 74*66 14*58 . . 4-51 290 . 1*64 . = 98*29 


The f)rmula APOMPO requires 85-1 alumina anti 1 1*9 water. 

lhas})orc occurs in chlorite slate, near Koroibrod, district of Katherinonburg in the 
I r;il, and at Scliemnitz, in veins between dolomite and limestone ; also at Broddbo, 
iifar I'idiluii, Swedtm ; with corundum in dolomite at St. Oothard ; at Guiiiuch*d.*igh and 
Maii.'icn, Asia Minor, and in the Grecian islands Naxos, Samos, anti Niearia, with'^ 
< (liana, ii. 128.— Jahresber. d. Chera. 1817—8, p. 1163; 1850, p. 708; 1851, 

p. 763; 1855, p. 792; 18G0, p. 763.) 

BZASTASE. (Payen and Persoz, Ann. Ch. Phys. [2] Jiii. 73; Ivi. 237; lx. 
All ; Ixi. 351.--Guerin-Varry, ibid. Ivii. 108; lx. 22; Ixi. 22. — Bouchardat, 

I* i — The substance to which malt or germinated barley owes its property of 

c'inY< rtiijg sturch into dextrin. It does not exist in all parts of the germinated grain 
'Yiii;: otten absent in the radicles, and generally most abundant near the plumule. It 
exists in the tubercles of the potato near their points of insertion, hut not in the i*oot« 
nr tin* slioots. It has also been found in the buds of Ailantus ylandvlom. Neither 
]*otatf>c.s nor cereals contain diastase before germination. 

extract diasta.so, malt is treated with wateT at 25° or 30° C., which dissolves tho 
! together with an azotised substance. The solution is then heated to 70° C., 

jn oraer to coagulate the azotised albuminous substance, and tho diastase is precipitated 
'} absolute alcohol. It is purified by redlssolving it in water and rcprccifiitating by 
a I'^nol. The proportion of diastase in malt does not exceed 0*002 to 0*003 per cent. 
^1 lastase is a white amorphous substance, insoluble in absolute ailcohol, soluble in 
cr and in weak alcohol. Its aqueous solution is neutral to test-paper, has no de- 
cel taste, and is not precipitated by basic acetate of lead. Placed in contact with 
8 arch at 70° 0. it quickly disoiganises that sub.stance, and converts it, first into dex- 
nn, Uien into glucose. According to Payen and Persoz, 1 pt, of well-prepared diastase 
» sultieient for the conversion of 2000 pts. of starch. The solution of diastas 0 *\iuickly 
em, turning acid, and losing its power of converting starch. The same decom- 
^Siuon takes place, though slowly, in dry diastase ; on boiling it with water, the de- 
composition is instantaneous. 

lustase has not been obtained in a state sullicb nlly definite for analysis. According 
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to Payen and Persoz, it contains less nitrogen the more carefully it has been 
pared. According to Bouchitrdat, the conversion of starch into glucose may also 
be eifected by contact with putrid flesh, beer-yeast, g;istric juice, and animal mem- 
branes, which seems to imply that diastase is not a peculim* principle. 

The action of diastase on starch is completely prevented by nitric, sulphuric, phos- 
phoric, hydrochloric, oxalic, tartaric, or citric acid, also by caustic potash, soda, or 
lime, sulphate and acetate of copper, mercuric chloride, nitrate of silver, alum, and 
ferric sulphate. It is retarded more or less by formic acid, arsenious ncid^ magnesia 
ammonia, and alkdino carbonates ; slightly also by acetic acid, hydrocyauie acid' 
strychnine, quinine, morphine, and their salts. Essential oils, creosote, alcohol, ami 
ether, exert no retarding iulluence, (liouchardat.) 

SXiLSTASE, .AJNrZ]Mr.AXi. Diastaae safioairc . — A substance precipitated from 
saliva by alcohol, mid suppostnl to be the active fermenting principle of tlie saliva. It 
does not, however, convert starch into dextrin. (Mia Hie.) 

2>ZASTASZTZ:. A black variety of amphibole from Nordinarken in Sweden. 

OZATSRSBZC ACZB. See TKaunic Acid. 

XIZATBBB2IXAZI'OV8« A term applied to bodies \vhieh transmit heat in the 
same manner as transparent bodiea transmit light. (See Heat.) 

* UlUZO-COAXPOinVBB. See Nithous Acid, Sudstitution-vkodi'cts foumed 
»lf;V-alsO OxY-ANISAMIC, 0XY-BF,NZAM1C, OXY-CUMINAMIC, aild OXY-TOI.UYLAMIC 
* AciPIl » "-«<%lso Tiiknol; — also Phenyl- and Toluvl-diaiminls. 

Xll6£ntO'zsllX« Tlie property exhibited by many doublo-rofraeting crystals, of 
exhibiting difTerent coloui-s when viewed in di lie rent directions. 

SZCBBOZTB. Cardurite^ tStiinhiUit(\ Hurd, Fakliinltc^ Sapphire tfmu^ 

Pcliomy Spanish Lazulitc, 2]\Ig^O.SiO^ + 2(Al* ;Fe')0*.3SiO- == ]Vlg\SiO‘.3(a/ :./c)'Sit )t 
— A mineral occurring in prisms, often hexagonal, belonging to tlio trimetric 
system; ooP , ooJ’S . co Poo . oP, and sometimes other faces. ooP : ceP oO'; 

oof 00 oofs « 120 50'. Cleavage iadistineb parallel to oP and <xf qo . Ofttn in 
crystalline grains; also massive, compact. 8j)<»cifie gi’avity = 2 G — 2*7. Jfardnes.s^- 
7*0 — 7*5. Colour bluish- white to blue, sometinies smoky blue (then called ; 

often deep blue along tlie principal axi.s, and brownish-yellow or ytdJow-grcy at riglir 
angles to it. Streak uncolourciL Transt>arent or translucent. Practuj'e suleon- 
ehoidal. 

When heated it gives olF a small quantity of water. Before the blowpipe it loses its 
colour, and melts with dilRculty to a glass. It dissolves in borax and in pbospliorus- 
salt, leaving in the latter ease a skeleton of silica. It is but slowly attacked l)y acids. 

Analysis.- 2, 3, i^lvom^yi^v {^IJntersiivhmitjen^ 320, 431.- 4, 5, Schiitz (I'ogg. 
Ann. Hv. 665). — 6, Schceror, ibid. Ixviii. 310, mean of two analyst s). — 7. Thoinsoii 
{^Mineralogy ^ i. 276) — S. Jackson {Gwl. luport of N^w Uampshin\ 184): 




Si02 

A 1^0^ 

Fc'0» 

Mii-0 

Mg-^0 

Ca-’O Iv-0 

H'O 

1. 

Bodeninais 

48-35 

31-70 

9*24 

0-33 

lO-lG 

0-69 . . 

. . .= 100-37 

2. 

Greenland . 

49*17 

33-10 

4*82 

0-04 

11-45 

. 

1*20 « 99-7S 

3. 

Fahlun 

50 '25 

32-42 

4-45 

0 76 

10-85 


1-66 =.100-39 

4. 

0 

1 

48-6 

30 5 

11-9 

0-1 

8-2 

. . . • 

1-5 « 100-8 

6. 

Sudermunnland . 

49-7 

32-0 

6-7 

0 1 

9-5 


2-1 =100-1 

6. 

Ki’ageroo . 

50-44 

32-95 

1-07 

. , 

12-76 

i*p2 . 

P02 = 99*30 

7. 

Haddam. Conn. . 

49-62 

28-72 

12-86 

1-51 

8-64 

0-23 . . 

. . «101-58 

8. 

Unity, Miiiae 

48-15 

32-50 

8-80 

0-28 

10-14 

. • . • 

0-50 =100-37 


Bichroite occurs in granite at Culm de Gata in 8pain, at Arernlal in Norway, at 
Orijorfvi in^ Finland {StiinJidlite^ at Tuuaberg in Sweden, And other localities ; in 
quaitz at Ujordlersoak in Greenland, in gneiss at Had Jam, Connecticut, and Brinfield, 
ilassatihusetts. The smoky blue variety called peliom is found at Bodenniais in 
Bavaria, sometimes in pt'rfect crystals 1^ inch thick. Dichro'ite is sometimes used as a 
gem. A transparent variety, called Sapphire (Veau by jewTllers, is found in small rolled 
masses of deep blue colour in Ceylon. (Dana, ii. 214 ; Kammelsberg, p. 766.) 

Hydrous Diehrdtte. — Dichroi’te alters so readily by exposure that it is commonly 
found in the altered state, or as a nucleus enclosed in a crust of the altered mineral. 
The ehdnge consists either in a simple hydration, as in Bonsdorffite from Abo, 
kite from llrevig in Finland, ChlorophylHte from Unity in Maine and Haddam in Cod- 
jiecticnt, and Prasad ite from Brakke in Norway, — or in the removal of part of the 
protoxides by carbonic acid, — or the introduction of oxide of iron through cjupbonate 
df iron, or of alkalis through waters containing alkaline carbon a tca^,. 
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tlie composition of the hydroua dichroitca formed by simple hydration, i« as follows : 


Chlorophylllte 

Esniarkite 
Praseolite . 


SIO* AVO^ Fe<0» Mg*0 II 20 Mn^O 

, 45 05 30 05 5*30 9*00 10 60 trace 

. 45*20 27*60 8 24 9 60 3*60 4*08 P^O' trace .... 

45 W 32 08 3*83 10-32 .V49 0 41 Pb, Cu, Co, Tl 0*45 . 

! 40-94 28-79 6*96 13*73 7*38 0*32 Pb^O, Cu^O, Co«0, Ca^O 0 50 


100 
98*32 
98 55 
98-62 


Denoting (lichroi’te by D, bonsdorffite = I) + 3aq. ; chlorophyllito = D + nq.; esma^ 
kite s= i) + U*!*! * praseolite = 1) + IJaq. (Dana, ii. 216). See also Aspasio* 
jiTF Fahlunitb, Gioantqlitb, Huhonite, Ibbrite, Lxebenebite, Finite, Ptbabgil- 
lite, Weissite. 

pI-COMPOOTfBS. In this Dictionary, the syllable rft, prefixed to the name of 
a radicle occurring in any compound, denotes that the compound in question contains 
two atoms of that radicle ; f. di-chlorido of tin — SnCF; di-oxide of tin « 
Su'O''*; di-sodic phosphate « Na*IIPO^; di-othylamtne = N.H.(C“1P)2; di- 
ethyl cnic alcohol The prefix bi is often used in the same sense. 

(Sec NoiOiNCLATUBE.) 

Individual di-compounds are described under tho several general headings, e. g* 
Dichloridc of under Tin, CHEonmES of; Disodic Phoisphate^ under Fhosphatb 
OF Sodium ; Piethylamine, under ETnn.AB£iNR, &c. 

SXCTAlNCMTrS AKSUS. — The root of this plants which is the only European 
spreics of Diosmea, was formeidy used as a vermifuge ; it is resinous, bitter, and aro- 
matic; the root-bark was said to be peculiarly efflcacions. 

BIBRXMZTB or DZBTMITB. A mineral from the Zillerthal in ^he Tyrol, 
having the aspect of microcryatalline talc. Specific gravity ~ 2*75. Contains 40*69 
per cent, silica, 18-15 alumina, 22*74 lime and carbonic anhydride, 11*19 potash, 1*2 

will, 5-25 feme oxide, and 0*60 water. (Kengott, Handw. d. Chem. 2‘* aufl. iL 
L;jj 137.) 

DIDYMCZirM. Symhollii. Atomic weight A %. — This met al, discovered by Mo- 
n:i iidcr in 1841 (Pogg. Ann. Ivi. 604), exists, together with cerium and lanthanum, in 
ccrite, allanite, orthite, yttrocorite, cryptolito, and a few other minerals (i. 831); it is 
not Ihuiid iu nature in the free state, or even as a pure oxide, sulphide, or other com- 
ponml, hut alway.s associated with cerium and lanthanum. Its compounds greatly 
rcsnnble those of lanthanum, and are very difficult to separate therefrom : houce the 
niinj(! (lidymiuni (from diSu/xov, twin). The compounds of dulyinium have been inves- 
li^^:ited by Mosander (loc, c/t.), Watts (Chem. Soc. Qu. J. ii. 131), more espe- 
l iMlly by Marignae (Ann. Oh. Phys. [3] xxvii. 209; xxxviii. 148), and recently by 
H. Hermann (J. pr. Chem. Ixxxii, 385). 

A pure salt of didymium is obtained by recrystjillising the rose-coloured rhombohe- 
(Inuis wJiich separate from an acid solution of the mixed sulphate.s of lanthanum and 
'H'lyinium by spontaneous evaporation (see Lanthanum) ; and from the pure sulphate 
til us prepared, the other compoauds of the metid may be formed. 

Mitallic didtfmiuvi is prepared by heating potassium with an excess of chloride of 
(lidymiuni, ami washing out the soluble chlorides with cold water. It is thus obtained, 
f>r the most part, as a grey metallic powder, but partly, also, in fus('d globules. Thj 
}>ow(lor, tlirown into tho flame of a spirit-lamp, burns with bright spark.s like iron-filings, 
Tli«’ powder decomposes water at ordinary temperatiiros ; the fused granules do not : 
in citlier form, however, the metal dissolves rapidly in dilute acids with evolution of 
hydrogen. 

Hut few of the compounds of didymium have yet been examined. It forms a prot- 
oxide, Di^O, and a protochloride, DiCl, and a class of oxygen-salts of corresponding 
composition. 


BZBYMZirM, CBBORXBZl OF, DiCl, is obtained as a hydrate in rose-coloured 
J^stals of considerable size by evaporating a solution of the oxide in hydrochloric acid. 
The crystals, which are ver^ soluble in water and alcohol, contain DiC1.2n*0. The 
solution, when evaporated, mves off hydrochloric acid, and leaves an oxide, not however 
of constant composition (Marignae). According to Hermann if leaves an oxy- 
chloride. 


DSTBCTZOSr ASTD BSTZMATZOS^ OF. The salts of 
dnJyjtiium have either a pure rose-colour, like the sulphate, ot slightly inclining to 
uolet, like the nitrate in the state of strong solution. Fotdsh^ sodu^ and ammonia 
precipitate the hydrate; so does stdphide of ammonium^ Cdrlnmate of barium i\m 
furo-wB down the hydrated oxide slowly, but completely. Oxalate, of ammonium pre- 
cipitates didymium completely from neutral solutions; and oxalic acid oXmont com- 
pletely, unless the solution contains a large excess of acid. The sidphatm of potas- 
aodiuvit and aminonium form, immediately in strong, and gradually in weak 
VoL. IL A y 
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eolutionfl, rosij-white precipitates of douWe siilpliates, sliglitly soluble in water 1 
soluble in excess of the reagent; the sodhim-sdt is the least soluble of the tiir^ 
Pho9j}horic and arsenic acida^ at a boiling heat, form precipitates sparingly soluble ^ 
acids. All compounds of didymium impart to borax and phosphortts-fiaM, a \ct\ 
rose-colour. They do not colour carbonate of sodium before the blowpipe. ^ ^ ^ 

According to Gladstone (Chem. Soc. Qii. J. x. 319), didymium-salts are easily ro- 
cognised in solution by spectral analysis. When a ray of light, after passing throiurj 
such a solution, is examined by a prism, it is found that the violet rays are completHv 
absorbed by a solution of nitrate of didymium, but by the chloride or siilpUfU,. 
All three solutions, however, form a spectrum containing two black lines, incloHinir 
very bright portion of the spectrum. One of these black lines is in the yellow itiuDci 
diately following Fraunhofer’s line D ; the other is situated between E and h, Th«‘S(' 
characters can be distinctly recognised in a solution half an inch deep, containing only 
O’Ol per cent, of didymium-salt. ^ 

Quantitative eathnation of Didymium,— Didiymmm is precipitated from its solutions 
by potash, and the precipitate is converted by ignition in a covered platinum criKaVili 
into the anhydrou.s protoxide, containing 86-7 per cent, of the metal. 

The methods of separating didymium from other metals aro the same as tho«iP 
adopted for cerium. The separation of didymium from cerium itself may bo elTectpil 
by boiling the mixed oxides in a solution of sal-ammoniac (Watts). For separating 
didymium from lanthanum, no method luis yet been devised sulHciently accurate for 
quantitative analysis. 

Atomic weight. — Marignacin 1848 determined the atomic w’^eightofdidyminin by tlio 
quantity of chloride of barium required to precipitate a given weight of the sulpliato ; in 
this manner he obtained the number 49-6. Afterwards, in 1853 (Ann. Cli. Phys. Va] 
xxxviii. 148), he found that this method was inexact^ because the precipitated sul- 
phate of barium carried down wuth it a quantity of didymic siilplnite, wliieli was not 
afterwards decomposed by cxeess of chloride of barium. He tlicri'fore adopted two 
other methods: 1. By precipitating the didymium fi’om tlie sulphate by oxalalo of 
ammonia, igniting the precipitate till it turned white, and WTighing the protoxide llms 
obtained. — 2. By precipitating tho chloride of didymium with nitrate of silver, esti- 
mating the chlorine as chloride of silver, and precipitating tlio didymium from the 
filtrate in the manner just moiitioiied. Tho moan of tho experiments made by the first 
method gave for the atomic weight of didymium, on the oxygen-scale, tl ie number 51)<S-2; 
the second method gave 603*5, 598*9, and 598*3. Mean of tho whole, 599 on the 
oxygen-scale, or 47*92 on tho hydrogen -scale. Marignac considers the number 48 to 
be very near the truth. Hermann by igniting tho oxalate obtains the number 47-48. 

OXXDllS OP. Didymium fonns two oxides, tlie protoxide, Di*0, 
and a peroxide, wliose atomic constitution is not exactly known. 

The protoxide is obtained in tho anhydrous stato by strongly igniting the nitrate, 
oxalate, or tho precipitated hydrate, in a covered ernci’ble. It is perfectly white; is 
slowly converted into a hydrate by immor.sion in -warm water; dissolves readily in 
the weakest acids ; .and expels ammonia from amnioniacal salts wdien boiled with t)u*in. 

Tho hydrate, DillO, is a gelatinous mass, resembling hydrate of alumina, but having 
a very pale roso colour. It contmets much by desiccation. 

Peroxide of ^ Didymium, — When the oxalate, nitrate, carbonate, or hydrate of 
didymium is ignited in contact witli the air, and not very strongly, a dark brown 
oxide is obtained, containing from 0-32 to 0*88 per cent, of oxygen more than the 
protoxide. When treated with acid.s it dissolve.9 readily, giving off tho excess of 
oxygen, and forming a solution containing the protoxide. It is probably a mixture of 
tho protoxide with a small quantity of a higher oxide of definite composition. By 
strong ignition in a close vessel, it is converted into the white protoxide. (Marignac.) 
According to Hermann, it contains Di®*0’®. 

SlTEiPBZDB^ is obtained by igniting the oxide in the 

vapour of sulphide of carbon. It is a light brownish green powder, which dissolves ia 
acids, with evolution of sulpliydric acid. A greyish -white oxy sulphide, Di*0'‘S, or 
Di*S.2Di20, is obtained by igniting the oxide with carbonate of sodium and excess of 
sulphur, and digesting the fused mass in water. (Marignac.) ‘ 

BZPPXiir.AJra^ (S c li 1 i e p e r, Ann. Ch. Pliarm .1 vi. 5.) — A compound formed, together 
with leucotxiric acid, &c., -when an aqueous solution of alloxanic acid is boiled for some 
time.^ (See Alloxanic acid). It separates on tho addition of alcohol to the aqueons 
solution, and must be collected on a filter out of contact with the air, washed with 
alcohol and ether, and dried in vacuo over sulphuric acid. It is not crystal! isable, 
but forms a loose white powder of a bitter saline taste, and reddens litmus strongly. 
It is very soluble in water, and deliquesces mpidly in the air : insoluble in alcohol. 
When heated it melts at 100® C., giving off alcohol and water with intumescence, and 
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mains as a transparent vitreous' gum, which may be rubbed to a white powder, 
Tt is decomposed with elTervescence by hot nitric acid, forming alloxan. It is 
irradually decomposed by cold potash, ammonia being evolved, and oxalic acid formed 
abundantly. Its aqueous solution gives white precipitates with nitrate of silver and. 
acetate of lead, the latter soluble in excess of the lead-solution. 

The composition of this body is not accurately known, Schlieper assigns to it the 
formula relying on an analysis which gave 32-69 per cent carbon, 3*89 

hydrogen, and 26-70 nitrogen (calculation 33*33 C, 3*70 H, 25-53 N, 37*04 O). 

The silVer-prccipitate gave on analysis 45-5 per cent, oxide of silver, which does not 
accord with Schlieper’s formula. Laurent (Compt. rend. xxxv. 629) gives it the 
formula regarding it as isomeric with dialuramidc. Gmelin points out that, 

giuce alloxan is obtained from it, it probably contains 4 atoms of carbon. F. T. C. 


OZrORMBIfB or RZFORMBiriS. Lallemand’s name for the .hydrocarbon 
C'lP. 


DimrSIOiar, The mixing or mutual interpenotrafion of two liquids or gases 
which do not unite chemically one with the other. This kind of mixture takes place 
both when the fluids are in immediate contact, and when they ai-e separated by 
porous membranes or other partitions. (See Gases and Liquids, Diffusion of). 

DZOSBZTB. a variety of coppcr-glanco from Sangorhauson in Thuringia and 
from Chih*. Specific gravity — 4-568 to 4*68. Ilardiuiss = 2*0. Plattner found in 
it 70-2 per cent, copper and 0*24 silver, which approximates to the formula =■ 

Ci-u*S.3Cu*S, or 1 atom copper-glance and 3 atoms purple copper. 


DZGESTBB or BIGBSTOR. An apparatus for dige.stion, such as a sand or 
wntcr-bath. Papin's digester is a strong iron vessel in wliieh snb.stanees ean be exposed 
to (lie action of water or other liquids at temperatures above their boiling points. 


DIGESTION*. The operation of exposing a substance to the action of a liquid 
witli the aid of heat, generally below the boiling point of the liquid, for the purpose of 
oxu-acting the soluble constituents. The treatment of a substance with a cold liquid is 
called maceraiion. 


DIGESTION, ANZMAXi. (Leh mann, Lelirhncli dcr Phjsiologischen Chemie, 
Leipzig 1853, iii. 216-283. — The same translated by Dr. Day, London 1854, iii. 248- 
'^'IX.—Gmdin's Handhueh^ viii. 572-621. — Frerielns, J)ie Verdammg, liandie'drierhuch 
d. /7?//.S7'o/o(7/e, Lnaunscl 1846, iii. 1. — ^Di tide r uud Sell mid t, Die Verdaunngs^ 
dtf/.e und der Stoffwcehsef, Mitau mid Lei^'zig, 1852. — JVIarcet, 07 i the Chemistry of 
PiiKsiion. Oheni. Soc. J. xv. 407.) 

The clianges which food undergoc.'? in the stomach and intestines consist (essentially 
in It.s tran.sformation either into soluble snbstane(\s, or into emulsions, whereby it is 
rendered capable of passing into tlie blood-vessels and laeteals, and availablt* for Mio 
purpost'of nutrition. These changes arc produced by the action of tlu^ saliva, gaslrit; 
juice, ])i]e, pancriuitic juice and intestijial juice, fluids wliich are poui'cd fr(>m time to time 
into the alimentary canal in very large quantities, amounting in tw'enty-four hours, 
according to the (^xpcrimtuits of Bidder and Schmidt, to almost tlic sixtii part of the 
height of the body. If the results obbunod by these physiologists from experiments 
on animals can 1)0 applied to man, it may be calculatcul that a man weighing 64 
kilogrammes (or about 10 stone) will secrete in tw'enty-four hours : 

Saliva amounting to 1-6 kilogrammes, containing 15 gi*ms. of solid matter, 

. . .. 1'6 „ „ 80 
Gastnc juice,, 6*4 „ „ 192 „ „ 

Pancreatic juice „ 0*2 „ „ 20 „ „ 

Intestinal juice „ 0-2 „ „ about 3 „ „ 

The chief function of the pancreatic juice and, in some eases, of the saliva, is the 
conversion of starch into dextrin and sugar: according to Bernard {Logons de Phy- 
^^dogie expkrimentale appliquke a la Mhdecine^ Paris, 1856, ii. 170-453), the pan- 
creatic juice also assists in decomposing neutral fats into glycerin and fatty acids ; and 
bis view is now generally admitted, although it is opposed to the results obtained by 
I'rerichs and by Bidder and Schmidt. The gastric juice is the chief agent by which 
the albuminous or protein substances are rendered soluble ; according to Marcet, it 
nke^so converts the neutral fats into fatty acids. The hile, according to the same 
authority, converts into an emulsion the fatty acids thus produced. The intestinal 
ptice appears to unite in itself, to a certain extent^ the functions of the gastric and 
pancreatic fluids, having the power of rendering soluble both starch and flesh, or other 
protein-hodies. ^ ^ ^ 

^^®^*^humiiious or protein-substances, alhumin, fhrin and casein, both animal and 
ctscfable, are, so far as their chemical composition is concerned, ready for immediate 

y2 
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assimilation by the animal body ; in fact they do not undergo any chemical chant^e in 
the process of digestion ; but, under the inflaence of the gastric juice, they lose theip 
TOagulability by heat and by mineral acids, and likewise their property of forminc 
insoluble combinations with most metallic salts, and are converted into soluble isomem 
modifications of albumin, fibrin and casein, called by Lehmann peptones. In this 
state they are fit to betaken up by the absorbents. The conversion of these bodies 
into peptones is not, however, completed in the stomach, a large portion of the albu- 
minous constituents of the food passing unaltered into the intestines, where thoir 
conversion into peptones is completed by the action of the intestinal juice. Indeed 
the quantity of gastric juice secreted is not sufficient to effect the solution of the 
protein-matters required for nutrition. A dog secretes about 100 grammes of gastric 
juice in twenty-four hours for every kilogramme’s weight of its body (Bidder and 
Schmidt), and this quantity of gastric juice is capable of digesting about 5 graminos 
of albumin, reckoned as diy (Lehmann) ; but it appears from Schmidt’s experiint‘nts 
that a dog, to keep in condition on an exclusively fiesh diet, should take, for every 
kilogramme’s weight of its body, 50 grammes of flesh containing 10 grummo.s of dry 
albuminoids ; hence the gastric juice secreted by the dog would only suffice for the 
digestion of half of the albuminoids necessary for its nutrition. That the intestiiud 
juice is capable of digesting these bodies is proved by the experiments of Bidder and 
Schmidt, who found that pieces of flesh and coagulated albumin introduced into tied 
loops of intestine w’ero digested in from 6 to 14 hours ; also that the pure alkaline in- 
testinal juice, as well as that secretion mixed with bile and pancreatic juice, possessc's 
the power of dissolving protein-substances externally to the body. Tlie transformation 
of the carbohydrates by the intestinal juice appeiu’s to take place wholly in the small 
intestine. 

Gelatin and the gelatigenous tissuc.s in general are converted in the stomach into 
substance which, according to Lehmann, eoiTcspond perfectly, in thoir physical and in 
most of their chemical properties, with the peptones of the protein -bodies. Accord- 
ing to Marcet, however, the peptones produced from gelatinous tissue diff»*r in some 
of their physical properties from those derived from the protoin -bodies, especially in 
tlicir action on polarised light. Pure gastric juice obtained by washing out the 
stomach of a dog with water, after it has bi*on kept fasting for thirty hours, and then 
making tho animal swyllow pelddes, is quite destitute of optical rotatory power ; so 
likewise is the solution of pur? albumin or casein in this gastric juice ; but if the dog h - 
then fed with cartihige, a gastric juice is obtained possessing considerable lavo-rotatory 
power (see Gastuic juk’e). 

Many nitrogenous substances undergo decomposition in passing tli rough thestomiich 
and inU^stines — such, for example, is the case with emxihin. Wo know that when Ihi.^ 
substance acts upon amygdalin (i. 201), in presence of water, prussic acid is produced, 
and accordingly, whcnomulsin and amygdalin are introduced together into tho stoniiieh 
or into the blood, the animal dies with the symptoms of poisoning by prussic acid. 
Lehmann allowed rabbits to cat sweet almonds (which contain emnlsin) and injected 
amygdalin into tliejngular vein, one, two, four, and six hours after they had been fed ; 
tho animals remained perfectly vigorous, showing that the emulsin had not been 
absorhed into the circulation ; but on reversing the exjHvrimeiit, and irjecting emulsin 
into the vein and introducing a solution of amygdalin into the stomach, symptoms of 
poisoning by prussic acid soon showed themselves. In the former case, then, cither 
the emnlsin had been metamorphosed by tho digestive fluids, or it was incapahlc of 
being taken up by the absorbents. To decide this point, Lehmann collected the 
excrements of a rabbit which liad been fed for forty-eight hours on almonds, and 
mixed amygdalin with them, but could detect no trace of prussic acid ; neither was 
any decomposition of the amygdalin induced by the ca?cal contents of the same 
animal: hence ho infers that the emulsin was decomposed in the intestine. 

^ Curarine, tho poison of serpents, and those poisons which are produced in contagious 
diseases, as hydrophobia, glanders, typhus, &c„ are likewise decomposed in passing 
through the stomach and intestines : all these substances may be taken with impunity 
into tlie alimentary canal, but produce fatal or at least morbid effects when intro- 
duced into the blood. 

The mode of digestion of the neutral fats, such as are contained in butter, the fat of 
mea^ olive oil, &c., has been the subject of much controversy. Tho generally received 
opinion is that these bodies do not undergo any alteration, either mechanical or chemical, 
by the action of the saliva or the gastric juice, but that their digestion commences in tho 
duodenum, in passing through which, and still more in its furtlier passage t^wgh the 
jejunum and ileum, the fut ceases to appear in large drops or semifluid ttAsos, these 
drops becoming smaller and smaller as the fat descends in the small intestine, ^1 
len^h it appears finely comminuted, and is, in fact, converted into an emulsion, a 
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condition which greatJy facilitates its absorption by the lymphatics of thp intestinal 
walls. The mere mechanical division of the fat is not, however, the only condition 
necessary for its absorption Bidder and Schmidt have shown that bilo is essential to 
the digestion of fats, and Wistinghansen inauff. Dorpnt, Livon. 1851) has 

fts,vrtained that oil cannot be made to penetrate through animal mcmibnines w’itliout 
considerable pressure, but that it may be forced through with coniparativo ease wlien 
tlie membrane is saturattai with a fluid which adheres to or has an affinity for the oil 
When the membrane was moistened with a solution of potash, an abundance of saponi- 
fil'd oil passed through it in the course of ten hours, under a very sliglit pri'ssure (from 
0 068 to 01 32 of an inch of mercury), and associated with it was free flit mcclmiiicalJy 
carried through by the soap. When a mixture of equal parts of potash-ley and 
albumin was used, the oil passed through the membrane, even witliout pressure 
although in very small quantity ; in this case also a soap was formed. The oil, how- 
ever, passed through animal membranes without being saponified when they were 
saturated with a solution of soap or bile. ^ 

Marcct takes a different view of the digestion of neutral flits. He infers from 
his own experiments, that these fats are resolved into glycerin and fatty acids in 
the stomach, and are then transformed into emulsions by the action of the bile, 
which exerts this action upon, fatty acids, but not on neutral fats. Fatty acids are 
altogether much more capable of forming emulsions than neutral fats. Wllt'n neutral 
fats or fatty acids in a fiiscd condition are agitated with water, no emulsion is 
formed, but large globules are seen to pervade the fluid ; on standing, tliey imme- 
diately niii into each other, and rise to the surface, the aqueous fluid remaining 
perfectly clear. When fused neutral fats are agitated with a solution of neutral 
trisodic phosphate, the same phenomenon takes place as with pure water, but when 
fused fatty acids arc shaken in a test-tube with phosphate of sodium, or wdtlj !)ilc, the 
fat is instantly divided by a mechanical procc.ss into very minute globuh'S, jiik as 
would happen if the fat were agitated with water; but at that moment each of those 
v(‘ry small fatty particles beconu'S surrounded with a layer of soap, from thosurfaoe of 
the globule being Haponificd l»y the sodic phospliato or tlm bilo. From this circum- 
Ft ince the globules of flit lose tludr property of running into each other, and acquire a 
slight increase of specific gravity, which, however, is not suffim’ent to prevent them from 
rising slowly in the mother-liquor, and finally occupying the upper part of the liquid, 
alms it IS that the fluid is milky, and that the emulsion takes a mueli longer time 
to rise to the surflice than pure oil would. The cliemical analysis of the emulsion 
iM'jirs out this view, for it is found to consist invariably of free fatty acid and soap. 

These facts will assist in explaining the absolution of fats, since, when in tho 
Oriuof an omulsion, they can no longer bo in direct contact with the intestines a 
hiyrr of soap intervening between the fat and the membrane. Soaps may he con- 
c.'ived to pass through a membrane, whilst flit is known to he incapahlo of so doing* 
consequently w'c may imagine flits to bo absorbed under the form of complex globules! 
the inside of wdncli is free fat, and tho outside soap. 

These observations on the power of bile to convert flitty acids into an emulsion and 
aitorwards into soap, arc quite in accordance with the results obtained by Bidder and 
^ •MiiiKlt, and by Wistinghausen above mentioned, though it docs not appear that 
fifty noticed tho difFercnce existing in this respect between neutral fats and 


however, belong exclusively to the bile: for a 
^ into the stomach is not acidified, and consequently must 

a «4 ^ bile; in this case, tho pancreatic juice effects tho conversion, 

oij^ovln7i Bernard. The absorjition of fatty acids explains a fact 

oi^sencd by Verdeil and Marcet in 1861, viz. that the blood contains free fatty acids. 

the most important as an article of food is 
h'ls h substance, being insoluble, cannot bo taken up by tho absorbents until it 

converted into dextrin and sugar, a change wliich is effected partly by tho 
is ^ by the pancreatic and intestinal juices. The action of saliva upon starch 

utn-in Ju in all animals. ^ Odling fdUnd that pure parotid saliva, obtained from 

JUid riw ^ fistulous opening in tho parotid diiet, converted boiled starch quickly, 

a slowlj^ into sugar, whereas saliva ol)tained in like manner from 

lloninrd’ no effect on starch, either boiled or unboiled. According to 

aiiimnlQ' horses is likewise without action on starch. In ruminating 

the cent,-,, i’otam their food for a long time in the paunch, where it is exposed to 

is nrob-ilJw'* action of the saliva, a great portion of the starch contained in the food 
ia all ^^^nsforined into sugar ; and the same is the case in the crop of birds; but 
remaina the action of tho saliva during the short time that the food 

passes 11 ^ 1 . . mouth, must be very slight, so that tho greater part of the starch 
unchanged into the stomach, where the further action of the saliva upon it is 
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to a certain degree suspended by the gastric juice, when secreted in sufficient quantity. 
On passing into the duodenum, tho starch is brought in contact with the powerful 
acting pancreatic juice, and afterwards in the ileum, with the intestinal juice, which 
acts upon it in a similar manner, l)ut less strongly. As the starch passee on, the 
granules become softened on their surface, diminish in size, and are gradually die- 
solved in tho form of dextrin and glucose ; the dextrin is the first product of the 
transformation, but is so rapidly converted into sugar, that it is rarely found in the 
intestine, and even then onlj- in very stiiall quantity. 

Inulin is affected by the digestive fluids in the same manner as starch ; but, accord- 
ing to Lehman n’a experiments, its transformation is much more rapid. 

Glucose oT yra 2 je~suf/ai\ wliether formed from starch in the manner above descriheil, 
or introduced directly" into tlie alimentary canal, is partly taken up directly by the in- 
testinal ahsorbents, and passes into tho blood without alteration, and is partly converted, 
by the action of the bile and intestinal juices, into lactic acid, and in that state 
|)asses into tho circulation. Cmic-snyar .appears to be converted into glucose before 
it is absorbed into tho circulation MUk-siujar appears to comport itself in tho 
intestinal cfinal in the same manner as glucose; it distributes itself very rapidly 
tliroughout the small intestine, and in about an hour aftc^r it has been swallowed, 
may be tniccd as far us tho ciocum; but, like glucose and cane-sugar, it occasions an 
intensely acid reaction in the jejnnum and ileum, which remains for tlireo or four 
hours after the injection of tho sugar. 

Pcctm and the allied substances are totally unaffected by the digestive fluids. 
(B1 on diet, Prcrichs.) 

Gri/w?-, altliough an easily soluVde substance, does not play an important part in tho 
process of animal nutrition; indeed it rarely occurs iis a constituent of luitritivo 
matters, even of the food of tlie herbivora. It is not affe.ctcd l»y the digestive fluids, 
ami, when given to animalfi, is not suhsequently found in the l)lood or in tin' urine, 
but passes unchanged into the solid oxcrcincnts. Boussingault caused a duck to 
swallow fifty-two grammes of gum-arabic, and in tho course of nine hours fort y-.six 
grammes were recovered from the excreinonts. The fiict of gum not being t4ik(;n up 
ill perceptible quantify by the intestinal absorbent.^, is r<*lalccl to its low dilTu.sIbility, 
which, according to Graham, is only half that of starcli-sugar, and four or five tiiuos 
loss than that of cliloridc of soilium. 

Olltclosc, or v.)nodi/-Jibre, resists the action of all the digest ive fluids : lienee all 
vegetable substances essentially consisting of cellulose pass unchanged into tlio ixcrc- 
monts of most herbivorous and omnivorous animals. In some animals, however, which 
swallow very largo quantities of woody fibre, it appears probables t hat some m(‘aris must 
exist of rendering this sulistance solulde. In the beaver, the whole stomach, and iimre 
especially the caicnm, are often found |)Iuggcd, as it were, with fragments of w'ood aud 
bark, amongst which, according to Lidimann, no easily solnVdo nutrient substance can 
be detected. Now, in this animal, the organs whoso secretions contribute more espe- 
cially to the metamorphosis of tlni carlio-hydratos, are devtdofied in a reinarkahio 
degree — the salivary glands umoimtiiig, according to Weber, to of the w'hole weight 
of tho body, whereas in man they do not exceed of the ent irts woiglit. The paiicn as 
in the beaver is also very bulky, and there is a large gastric gland, peculiar to tiie 
animal, which may perhaps have some relation to its power of digesting cellulose. It 
is w^ell known that cellulose is converted into dextrin, or a similar substance, by tlie 
action of alkalis, oven when very dilute — and it is by no moans improbable that the 
alkaline juices of the salivary glands, tho pancreas, and tho ccecal glands of the beaver 
may eflfect this transformation. 

The I'ehitivo digestibility of different kinds of food is a subject on which it is very 
difficult to obtain precise results, inasmuch as the facility wth wliieh any substance is 
digested ch.'pcnds very much on its state of mechanical division or aggregation, and on 
tho condition of tho digestive organs at the time when the food is taken; food taken 
into the empty stomach, after fasting for some houra, will be digested much more 
ouickly than the same kind of food introduced into the stomach partly full or itnnie- 
diately after it lias been emjitiod. The point to which observation has been chiefly 
directed is the time during which different kinds of food remain in the stomach, those 
being considered the most digestible which pass out most quickly, in intervals varying 
from an hour to an hour and a half. Such observations are made either by feeding 
animals with different kinds of food, and killing them at various intervals after the 
meals — or by introducing portions of food enclosed in muslin bags into the stomachs of 
animals bearing gastric fistulne. A series of observations of this latter kind were made 
by Beaumont a?id Observations on the Gastric Juice and Physiology 

Digestion^ Boston, 1834), on a man having a large fistulous opening into the stomach 
resulting from a gun-sliot wound. It is dear, however, that such observations cun 
give but an imperfect idea of the relative digestibility of diifereut article*! of food| 
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- , gjjmch as the digestion, even of albuminous substances, is not completed in the 
eJoiniich, and that of most vegetable substances does not even commence till they reach 

digestibility of the alhuminom bodies depends veiy much on their state of ag- 
ni-cf»‘ation. Soluble coagulable af,humin^ like unboiled white of egg, is much more 
^trestiblo than the same substance when coagulated. Soluble casein^ as it exists in 
iniik is one of the most indigestible of the unboiled albuminous substances, inasmuch 
aa it is very quickly coagulated by the acid gastric juice, and then but slowly dissolved. 
A considerable difference is, liowever, observable, according to the denser or more 
porous condition of the coagulum. The ca.sein of human milk, which forms a gelatinous 
coa^nilum, is much more rapidly digested than that of cows' milk, which forms in 
the stomach a compact lump, generally coagulated into a solid ball. 

SjjTitonm^ ot muscle-fibrin^ is, according to Lehmann, very easily digested, more 
easily than the blood-fibrin of tlie ox. The digestibility of muscle varies, however, 
crcatly ^dth its conformation. The smooth mu.scular fibre, like that of the stomach 
and intestines, is much more digestible than the striated muscles, because the former 
is not provided with the dense and insoluble, although thin integument, which 
encloses the primitive bundles, and eonseqiiontJy the syntonin, in the latter, — but 
iy for the most part surroundtjd only by loose connective tissue, which is easily per- 
meated and dissolved by the digestive juices. The flesh of youn^ animals is more 
easily digestible than that of older animals, Ijecauso the primitive bundles of the 
former are much thinner than those of the latter, and consequently present, in relation 
to tlicir mass, a larger extent of siuTaco to tlio action of the gastric juice. Frerichs 
found that the flesh of old aniniuls requii’ed for digestion an hour or an hour and a 
half longer than that of young animals. 

liaw flesh is generally regarded as more dififtcult of digestion than boiled or roast 
meat ; the difference is not, however, very great, and has been estimated by Frerichs at 
only half an hour. In fact, the advantage derived from the loosening of the connective 
tisMio and the partial destruction of the organic structure by l)oiling or roasting, is 
partly counteracted by the coagulation of the albumin in the muscular juice and the 
hardening of the syntonin. 

Gelatin, in its pui*e state, is one of the most easily digestible substances. In Beau- 
mont’s experiments, the gelatinous clmracler of this substance disappeared after it had 
remained twenty minutes in the stomaeli, and after an hour no trace could be found of 
120 grammes of jelly which had been taken. ^ The digestibility of the gi^atigenom 
Vmms depends, however, ver>' much upon their state of aggjvgation, and is greatly 
iiicroasetl l)y boiling. Tendons and cartilage, and all those tissiu's which are abundantly 
iiiterscetctl with clnstic fibres, belong to tlie least easily digested class of substances, 
inasmuch fus true elastic tissue and elastic fibres completely resist the action of the 
digt'stivo fluids. 

Tho/ais belong to the least digestible class of substances; indeed flit, wlien taken 
in large quantity, either alone or with other food, usually remains fur a long time in 
the stoiniich, sometimes even for 5i liours. It is not only not digested in the stomach, 
bat oft<Mi exerts an impeding action on the digestion of oilier substances, since it is 
liquefied by tlie heat of the stomach, and, enca.siiig tlie particles of food, prevents them 
from coining in contact with the ga.stric juice ; moreover, it becomes rancid during it.s 
long retention in tJio stomaeli, and forms volatile acids, which exert a very deleterious, 
though not well undi.’rstood action on digestion. The true digestion, that is, tlie 
emulsioning of fat, does not, indeed, commence till it reaches the small intestine, where 
it comes in contact with the bile (p. 325). Small quantities of flit appear, how'over, to 
he easily digested; and, according to Lehmann, fat, when not mixed in too largo 
quantity with the food, essentially promotes the digestion both of albuminous and 
ainylacfxms substances. 

Starch, the principal nutrient matter of most vegetalile food, is much more easily 
digested in the boiled than in the raw state, the effect of the boiling being to burst 
the envelopes of the starch-granules and thus expose tlie starch to the action of the 
saliva and the pancreatic and intestinal juice, wlicreby it is converted into sugar. 
Wlien raw st:irch is eaten in large quantity, a considerable portion of it passes away 
unchanged in the solid excrements. 

The digestibility of vcgi tables depends very much on the nature of the cells in 
which the starch and the albuminous mat ters are enclosed ; if the cells are still 
invested with epidermis, no portion of them is dissolved, the epidermis of plants being 
completely proof against the dige.stive fluids. Boiling usually renders vegetable food 
more digestible, by thoroughly loo.sening the intercellular substance, and thus allowing 
the digestive juices to make their way more reutlily into the cells. 

UG&8TXVB SABTt Sal digeaiivum Sylmi. Syn. with Chi.obip]3 ov 
Potassium. 



DIGESTOR — i;lGITALIN. 




OlOaSTOA. See BioI^stbb (p. 323). 

BZaZTAKACSXir. Digitalicrin. This name waa applied by W a Iz (Jahrb. pp. 

Pharm. xxi. 29) to an acrid substance which he obtained from crude dimtalin hy 
exhaustion with ether, and to which he assigned the formula C^H^OP. Subsequently 
*Jiis product h^ been found to be a mixture of several substances. When its alcoliolic 
solution is mixed with basic acetate of lead, which takes up the colouring matter, the 
filtrate evaporated, and the residue washed, first with ammoniacal water, then with 
cold alcohol, and dissolved in boiling alcohol, white nacreous laminne arc obtained, 
consisting of Walz^s digitaloic acid soluble in ether and in alcohol, but 

insoluble in water. 

Crude digitalacrin likewise contains a resin or fat prccipitable by basic acetate of 
lead. By decomposing the lead-precipitate under alcohol with sulpliydric acid, and 
leaving the filtrate to ovaporate, the resin called digitalin-fat or digitalo'in is 
obtained, in whito crystalline scales, which medt to an oil at a gentle heat, and are 
said to consist of Walz regards the compound as a glyceride, but does not 

State whether glycerin can be obtained from it. 

DZOZTAUSZjr. DigiiaUne. A substance said by Kossmann (Buchn. Bopert. 
xcii. 343) to bo contained in the precipitate thrown down by basic acetate of lead from 
the aqueous extract of foxglove {Difptalis purpurea). The preci{>itato is first 
exhausted with ether, which dissolves digitoleie acid, the residue is boiled witli alcoliol, 
and the solution evaporated : it then deposits the digitalein in the crystalline form. 
This body is slightly soluble in water, easily in alcohol, insoluble in ether. Tlie 
aqueous solution is precipitated by lead-salts, but not by ferrous sulphate or silvcr- 
saJts. 

BZOZTAZiSTZSr. Walz's name for pure digitalin. 

DZOZTAUC ACZB. (P. Morin, J. Pharm. [3] vii. 294.)— An acid cont.iiiuHl 
in foxglove {Digitalis purpurea). To obtain it, an aqueous infusion of the loaves is 
evaporateti to the c-onsistence of an extract, and gratlually mixed with alcohol of 92 oi* 
94 per cent, as long as anything separates from it. The mixture is left to clarify, ami 
the alcohol k decanted and distilled in the water-bath, till the residue acquires llui 
consktence of a thii'k extract. This residue is boiled several times wdth ether, wliioli 
dissolves digitalic acid and digitalin, and the ethereal solution is shaken up with 
baryta till it acquires an alkaline reaction, whereby the digitalie acid is precipitated 
as a barium -salt, while the digitalin remains in solution. This salt is washed with 
ether and strong alcohol to remove digitalin, and then decomposed by dilute sulphuric 
acid, care being taken not to convert all the baryta into sulphate. The filtered liquid is 
concentrated by evaporation out of contact of air, then mixed with strong aIw)liol to 
separate the undecomposed barium-salt, and the alcoholic filtrate is evaporated in 
vacuo. Throughout the whole process, great care must be taken to prevent ticcess of 
air to the materiaL 

Digitalie acid crystallises in needles. It has a peculiar odour, which becomes strong 
when the acid is heated, and a decided ueid ta.ste ; it reddens litmus. It is not vola- 
tile, but melts easily, becoming coloured and charred at a higher temperature, without 
evolution of ammonia. It is very soluble in water, but the solution soon becomes 
eoloured, the change being accelerated by light and heat. It is moderately soluble 
in alcohol^ and the solution keeps better; less soluble in ethtr. It has not been 
analysed. 

It expels carbonic acid from alkaline carbonates, but its salts are decomposed by 
contact with the air, even more easily than the free acid. The digitaJates of potas- 
sium, sodium, barium, calcium, strontium, magnesium, zinc, and ferrieum are soluble 
in water; the copper-salt, the ferrous salt, and the lead and silver-salts are obtained 
by precipitation. 

The name digitalie acid is also applied by Kossmann to a product, 
obtained by boiling digitcilin with moderately dilute soda-ley or with lime. It is pre- 
cipitated by acids from the alkaline solution in white flocks, may be crystallised from 
alcohol, and forms crystalline salts with btises. By boiling with acids it is resolved 
into digitaliretin and glucose. 

• BZOZTABZCXUXi’* See Dioitalackin. 

B*4HTAXJW- (Le Royer, Bibl. Univ. xxvi. 102, — Lancelot, Ann Ch. Pharm. 
xiL 2^1 — Trommsdorff, ibid, xxiv, 240; and Arch. Pharm. x, 113.--Homolle, X 
Phsnn. [3] vii. 57» — O. Henry, ifnd. vii, 460. — Homolle and Quevenne, 
uur la Digitaline, Paris, 1851; abstr. Repert. Pharm. [3] ix. 2.— Walz, Jahrb. J>f. 
Pharm. xiv. 20; xxi. 29; xxiv. 86; Gerh. Trait5, iv. 286.— N. Jahrb. Pharm. nil 
1132; ix. 302; x. 319; Jahresber. f. Chem. 1847, p. 646; 1851, p. 667; 1852, p.679i 
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iR'iS D. 568; 1867, p. 520; 1868, p. 528. — Dolffs, N. Jahrb. Phann. ix. 26: 
j iiresber. f. Chom. 1868, p. 628. — Kossmann, J. Pharm. [3] xxxTiii. 6.) — 
The active principle of purpurea^ It is obtained by exhausting the commin- 

uted leaves of foxglove with alcohol ; concentrating the extract by evaporation ; treat- 
” the syrupy residue with acetic acid ; decolorising with animal charcoal ; treating the 
resulting solution, which contains acetate of digitalin, with tannin, whereby the digitalin 
is precipitated as tannate ; and decomposing this precipitate with oxide of lead, which 
gets the digitalin free. It is then decolorised with animal charcoal and crystallised 


from ether. j. 

On the large scale, digitalin 
tion of the plant by tannin. 


may bo directly precipitated from the aqueous decoc- 


According to Delfife and Walz, digitalin prepared as above is not pure. Delffs puri- 
fies it from an admixed resinous body by washing it with cold alcohol of 70 j>er cent., 
and dissolving the residue in boiling alcohol of 85®, from which the pure digitalin 
geparates on cooling. Walz treats the impure digitalin with ether, which extracts 
digitftlacrin, and the residue with water, wluch dissolves digitasolin and loaves pure 
di^talin. (yf Q.W s JHgitaletin.') 

Digitalin is white, ^fficult to crystallise, inodorous, has a bitter taste, is very 
sparingly soluble in water^ to the extent of only at the boiling heat, moderately 
Boluble in ether ^ freely in ahohol ; according to Delfis, only when it is contaminated 
with resin. Digitalin exerts a powerful action on the animal economy, even a small 
dose of it producing poisonous effects. The smallest quantity of it introduced in the 
state of powder into the olfactory organs produces violent sneezing. 

The composition of digitalin has not been determined with certainty ; according to 
Delffs, it is according to Kossmann, or 

Digitalin becomes coloured at 180® C., and decomposes with much tumefaction when 
heated above 200®. Sulphuric acid dissolves it, acquiring thereby a brown colour, which 
sf)on clianges towards crimson. The solution poured into water colours it greenish. ////- 
(Irncfloric acid dissolves digitalin, forming a yellow liquid, which gradually changes to 
a (lark green. Tannin precipitates digitalin from its aqueous solution. It is not pre- 
cipitated by nitrate of silver, mercurous nitrate, acetate of copper, or acetate of lead, 
either neutral or basic. 

According to Ludwig and Delffs, digitalin boiled with mineral acids yields a liquid 
wliicli reduces an alkaline cupric solution. According to Kossmann, digitalin 
(C*‘II®®0**) boiled with dilute sulphuric acid yields glucose and digitaliretin, 


Cmhmqw + 4H«0 = 4C«H>20® + 


According to Walz, pure digitalin, called by him digitaletin (Cr“H”0®), is resolved bjjr 
boiling with dilute sulphuric acid, partly with abstraction of 2 at. water, into paradigi- 
taletin (C”H**0^), partly into digitaliretin (C*®H“0*) and glucose : 

CwH“0® « 

Digitalin boiled with moderately dilute soda-ley, or with lime, takes up water, and 
is converted into Kossmann’s digitalic acid (p. 328). 

BZGXTAlbnr-riLT. Sec Dioitalacutn. 

BxaXTAURBTXSr. A product of the decomposition of digitalin by dilute sul- 
phuric acid. Its formulae, as determined by Kossmann and by Walz, have just been 
given. According to Kossmann, it is sparingly soluble in ether, easily in alcohol, and 
crystallises from hot alcohol in shining grains. 

BXOXTABX8. A genus of plants belonging to the natural order Scrophulariacea*. 
The best known species is the common foxglove, Digitalis purpurea^ the herb of which 
is used in medicine, both as a diuretic and for its retarding effect on tho circulation. 
From the results of numerous chemical investigations, this plant has boon found to 
contain the following more or less problematical compounds, besides tho ordinary 
vegetable constituents, starch, sugar, albumin, oil, &c, : — Digitalin, already de- 
scribed. Picrin, obtained by agitating the aqueous extract of the plant with ether. 
Scaptin, an acrid extractive substance, not separated from tho aqueous extract by 
ether (Radig). Morin found, besides digitalin, a volatile acid, antirrhinic acid 
(i. 348), and a non-volatile acid, digitalic acid (p. 328). Walz has obtained, as volatile 
principles, digitaloamin and digitalissie acid (valeric acid) ; and as non-volatile prin- 
ciples, digitalin, digitasolin, digitalo/crin, digitaldin, and digitaloic acid, Wliether all 
Ihese bodies are really distinct^ or whether they have been obtained quite pure, is a 
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point not yet quite decided ; but Walz*s analyses certainly agree reiy well with hig 
formulae. 

According to Buchner (Repert. [3] ix. 38), the seeds of foxglove contain about 
S per cent, of digitalin, more indeed than the herb, and 40 per cent, of their weight of a 
diring oil, which is said to hold the digitalin in combination. The seed-capsules and 
calices contain but a small quantity of digitalin, about 0’3 per cent. 

From Digitalis lutca^ Walz obtained, by distillation, digit^osmin, and a peculiar 
volatile fatty acid, isomeric with valeric acid ; also formic acid, acetic acid, digitalin, 
digitalaciin, and digitasolin. (Hand. d. Chem. 2** Aufl, ii. [3J 465.) 

UXOZTAUSSZC ACZX>. See Dioitalis. 

2>ZOrrA]b08IIKZXir. The odoriferous principle of Digitalis purpurea and 
D. lutea, obtained as a fatty film by distilling either of these plants with water. It is 
a camphoroidal substance insoluble in cold water, soluble in alcohol and in ether, melts 
when heated with water, and is not dissolved by ammonia. (Walz.) 

BZOZTASOUXr. (Walz, N. Jahrb. Pharm. ix. 302 ; Jahresber. d. Chem. 1858, 
p. 529.) — This substance, now called by Walz, constitutes, according to his 

obseivations, the principal portion and the active principle of commercial digitulin. 
Its fomiiila, according to Walz’s latest detx'rmination, is When commercial 

digitalin is exhausted with ether (to remove digitalacrin), the dry residue treated 
with water, and the aqueous extract eitli or purified with animal charcoal and evaporated, 
or treated with oxide and basic acetate of lead, then freed from lead by sulphuric acid, 
neutralised with ammonia, and precipitated by tannin, digitasolin is obtained as a 
yellowish amorphous mass, which is soluble in 120 pts. of cold and 40 pts. of boiling 
water, difiering therein essentially from the compound usually called digitalin. 
(Walz’s DigUaletin, p. 328.) 

Digitasolin is decompfjscd by boiling T^dth dilute sulphuric acid, yielding digitali- 
retin, soluble in alcoliol and ether, and melting at 60® C., and paradigit a- 

letin, insoluble in ether, soluble in alcohol, and remaining solid at 100® C. 

(p. 328). 

OZOZTOXiSZC ACZXI. (Kossmann, .J. Chim. m6d. [3] ii. 377.) — A kiinl of 
fatty acid contained in the leaves of Digitalis purpurea. It is obfciined by exhausting 
tho leaves with cold water, precipitating with acetate of lead, dc'composing tim 
precipitate with carbonate of sodium, treating the filtered solution with hydroidiloric 
acid, which precipitates the digifoleic acid, and crystallising the product from strong 
alcohol. The acid crystallises in slender needles grouped in stars or grains and 
having a green colour. Taste bitter, odour agreeably aromatic. Sparingly soluble in 
water, very solublo in alcohol and ether. Reddens litmus and expels carbonic acid 
from alkaline and earthy carbonates. 

The digitoleates are yellow or greenish yellow ; those of the alkalis are soluble ; the 
rest insoluble. The solutions of the alkaline salts froth like soap-wattjr. 

nXBYDKXTB. Cu*PO*.2CuHO. — A basic jphospbate of copper from Nischne- 
Tagilsk in tho Ural, (See Phospuates.) 

2>ZXA-BBBA]>. A vegetable substance somowliat resembling cocoa, prepared 
from the fruit of the Mangifera Galnmcnsisy a tree growing abundantly on the west 
coast of Africa, from Sierra Leone to tho Gaboon. The fruit, which is about as largo 
as a swan’s egg, contains a white almond haWng an agreeable tiiste. These almonds, 
when coarsely bmised and warm-pressed, form dika-bread, which has a grey colour, 
with white spots, smells like roasted cocoa and roasted flour, has an agreeable, some- 
what bitter and astringent taste, and is greasy to the touch. It is a valuable article 
of food, and is used abundantly by the natives of the country. 

Dika-bread contains a large quantity of fat. "O’ Rorke (J. Pharm. [3], xxxi. 275) 
obtained from it from 79 to 80 per cent, solid fat, melting at 30® C. Oudemanns 
(J. pr. Chem. Ixxxi. 356) obtained by exhaustion with ether, 66 per cent, fat, melting 
at 33® C. The fat has an agreeable odour, and is easily saponified by potash, yielding 
myristic and lauric acids, but no volatile acid. 

Z>ZBATATZOir. Bee Hbat. 

OZZhATOMBTBlt* This name is given by Kopp to a tbermometric apparatus 
for measuring the expansion of liquids (see Heat) ; by Silbermann to an instrument 
which he uses for measuring the expansion of a mixture of two liquids, and thence 
determining their relative quantities ; e, g. for determining the strength of aqueous 
alcohoL 

HZUTUBZO AOZB* NitrodUitic acid, (Schlieper, Ann- Ch. Pharm. Ivi 23.) 
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^en aqueous aHoxantin is boiled with hydrochloric acid; the mixture of alliturio 
acid and alloxantin which separates on cooKng, treated with nitric acid, to dissolve out 
the latter; the nitric acid solution treated with sulphuretted hydrogen, and filtered; and 
the filtrate mixed with nitric acid, and evaporated to one- third ; — a yellowish powder is 
obtained, which, by recrystallisation from hot water yields yellow laminee. Schlieper 
assigns to this compound the formula and regards it as the ammonium- 

salt of a peculiar acid, which he has not succeeded in isolating, which he calls 
jiilituric acid. The compound is nearly insoluble in cold, sparingly soluble in hot 
water; insoluble in ammonia; soluble in sulphuric acid, and reprecipitatcd unchanged 
by water ; neither dissolved nor decomposed by nitric acid. It is soluble in dilute 
THjtash, with evolution of ammonia : from the solution acids precipitate acid dialurate 
of potassium. The acid appears to be dibasic. Besides the potassium -salt, Schlieper 
has analysed its silver-salt. (See Addenda, p. 9G5.) F. T. C. 

DS&SblfXTlS. 4A1^0".3Si0* + 8IPO. (Haidinger, Pogg. Ann.lxxviii. 576. — 
Jaliresbor. f. Chom. 1849, 759.)-— The compact argillaceous niivss in which the diaspora 
of Scliemnitz is imbedded, consists of three varieties, one of which (u) is agalmatolite, 
while the other two (6 and c) contain a mineral not previously observed, to which 
Ibiidinger gives the name of from the locality, Dillna, netir Schemnitz, 

where it occurs. The agalmatolite (a) is translucent, with grey or greenish colour, 
fifty lustre and splintery fracture. Hardness - 2 5 to 3 ; specific gnivity = 2*736. 
J)illnite (h), called collyrite. at Schemnitz, has the composition above stated : it is white, 
ojiaque and dull, earthy, and adheres strongly to the tongue. Hardness, 1*8 to 2. 
Sjieeilic gravity 2*674. The variety c, culled BildsUin at Schemnitz, is also white, 
ojifiqiie and dull, hut has a flat conchoiVlal or uneven fracture ; hardness 3*6 and 
hfu'ciiic gi’avity 2*835 : it is dillnite mixed with a hydrate of aluminium, A1^H*0’ or 
Al‘Ollll‘0. The following are the analyses of these minerals : 



Si 02 

AH03 

Cu20 

Mk^O 

Fe20 K20 and Na'^o H20 Total. 

a. 

49*5 

27*5 

6*6 

0*7 

1-0 

10*2 

6*1 « 99-0 

b. 

23*5 

53*0 

0*9 

1*8 

trace 

trace 

20*05 = 99*26 

c. 

22*4 

66*4 

trace 

0*4 

. . 

, , 

21*1 « 100*4 


The diasporo is found most abundantly in the second variety. 

3>^ZLXi, OXXi or. Oil of Ccltry^ Oleum aneihu The volatile oil of A'pium (or 
AriHhum) yraveoUns, It has a pale yellow colour, becoming brownish by age, the same 
pungent odour as the seeds, and a sweetish taste. Specific gravity 0*88 to 0*91 ; of old oil, 
uocording to Zeller, 0*96. Sparingly soluble in water, easily in alcohol and ether, 
boils at about 190° C. (Handw. d. Chem. Aufl. ii. [3] 468.) 

BIXVlAGXfl’XiTXTlS. A mineral consisting mainly of forraso-ferric oxide, which 
occurs in rhombic prisms at Monroe, Orange County, New York, and is regarded by 
Shepard (Sill. Am. J. [2] xjii. 392) as a distinct species. According to Dana, 
however (Mineralogy^ ii. 206), it is a pseiidomorph of magnetite after lievrite. 

DZMfiTAPKOSPHORXC ACZR. See Phosphobvs, Oxygen-acids of. 

BZMORPBXKB. A sulphide of arsenic from the Solfatara, Pozzuoli. It forms 
minute trimetric crystals of very complicated form, and is regarded by Scacchi 
(Mem. geol. atUla Campania, Napoli, 1849) as a distinct species. It has not, how- 
ever, been analysed, and is perhaps a mere variety of ofpiment, which it rcry much 
resembles, 

BZMORPBZSAKf and TRZMORPBZSXB. Many substances, both simple and 
oompound, crystallise in forms which belong to two or three difterent systems of crys- 
tallisation, or which, even if they belong to the same system, yet exhibit such difference 
in their corresponding angles as to render it quite impossible to reduce them to the 
siime form; this was first sho>Tn by Mitscherlich in 1823 (Ann. Ch. Phys. [2] xxiv. 
hil). 8uch bodies are said to be dimorphous and trimorphous. The difference 
of crystalline form which they exhibit is associated with difference of specific gravity, 
hardness, colour, and other properties. Whether a body shall crystallise in one system 
or anot her seems to depend chiefly on temperature. Crystals formed at one particular 
b'lnpcRiture, and then exposed to that temperature at which ciystals of a different kind 
are produced, often lose their transparency, and, without alteration of external form, 
hecoino changed into an aggregate of small crystals of the latter kind : examples of this 
ftltcrution of structure are afforded by sulphur, carbonate of calcium, mercuric iodide, 
»“d many other bodies. Sometimes the form of the cr^jstal varies acconling to the 
solvent from which it separates ; thus, arsenious anhydride crystallises from water or 
hyorochloric acid in regular octahedrons, from alkaline solutions in trixnetric prisma. 
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The most important cases of dimorphism hitherto observedi are as follows ; 

1. In eUmentary bodies. 

Carbon, in the diamond, forms crystals belonging to the monometric system • Jn 
mphite, to the hexagonal system. If the amorphous varieties, charcoal, antlirucite 
05 C., are likewise taken into account, carbon may be regarded as trimorphous. * 

Arsenic, antimony, phosphorvs, bismuth, palladium, iridium, copper, and probablv 
iron, likewise crystallise in the monometric and hexagonal systems. ^ 

Tin exhibits forms belonging to the monometric and dimetric systems. 


Sulphur crystallises on cooling from a state of solution in sulphide of carbon in 
rhombic octahedrons belonging to the trimetric system, exactly like those of native 
sulphur ; if, on the other hand, melted sulphur be allowed to cool slowly till a portion 
of it has become solid, and the still liquid portion be then poured out, the solidified 
portion exhibits oblique rhombic prisms belonging to the monoclinic system. These 
are at first jwfcctly transparent, of a deep yellow ex)lour, and somewhat harder and 
denser than those of sulphur crystallised in the cold ; but after being kept for a few 
days at ordinary temperatures, tlicy become opaque, and of a straw-y(dlow colour. 

According to Frankonheim (J. pr, Chem. xvi. 6), sulphur assumes the form of the 
oblique rhombic prism when precipitated from solutions, or sublimed, at tempcraturca 
near its melting point. 


2. In compound bodice. A compound is said to be dimorphous, only when the two 
forms which it assumes are perfectly identical in chemical composition. Thus, a salt 
which crystallises in two forms is not dimorphous, if these forms belong to difiTeront 
hydrates ; thus the two hydrates of sulphate of nickel, viz. Ni^SO^ + 6 aq., which 
is dimctric, and Ni‘*SO* + aq., which is trimotric, do not afford an instance of 
dimorphism. 

Cuprous oxide occurs in ordinary red copper ore in regular octahedrons and other 
forms belonging to the monometric system, but in copper-bloom it exhibits forms of 
the trimetric system. 

Protoxide of lead ciystalliscs after fusion, as well as from a saturated solution in hoi 
concentrated caustic potash, in yellow rhombic octahedrons. If, however, the solution 
is not fully saturated with oxide of lead, so that crystallisation does not take place till 
after complete cooling, red crystalline scales are deposited on the yellow rhombic octa- 
hedrons just formed : if the red crystals are heated, they turn yellow on cooling, in 
consequence of passing into the first form, (Mitsch erlich, J. pr. Chem. xix. bll.) 

Titanic oxide, TiO^, occurs in nature in the three forms of anatase, rutile, and hrookite. 
Anatasa and rutile are both dimetric, but their angles are incompatible, so that they 
Ciinnot be reduced to the same primitive form ; moreover, the specific gravity of auataso 
is 3*826, that of rutile 4*249. Brookite is trimetric. 

Arsenious oondt\ As^O®, generally ciystallises in regular octahedrons; but AVdhlcr 

i Pogg. Ann. xxvi. 177) found it also in the form of native oxide of antimony, Sh*()* 
valentinite), which belongs to the trimetric system. Wohler also obtained ariilhially 
ei^stalllsed oxide of antimony in regular octahedrons. Consequently As*0® and Sh-0* 
are iso»dimorphous ; t. e. they are capable of crystallising in two different forms 
which are similar each to each. 


Cuj^ous stdphide, Ccu*S, appears in copper-glance in crystals of tho trimotric system ; 
but Mitscherlich (Po^. Ann. xxviii. 157), by melting together large quantities of 
copper and sulphur, obtained it in regular octahedrons. These two forms are similar 
to those of the red oxide of copper. 

Disulphide of iron occurs in nature as iron pyrites in crystals belonging to the 
regular system, and as marcasite, in forms of the trimetric system, the latter being of 
a paler yellow and much softer, 

Mercuric iodide separates from solution, and likewise sublimes at a vciy gentle heat, 
in scarlet tables belonging to the dimetric system, but when sublimed at a higher 
temperature, in sulphur-yellow rhombic tables of the monoclinic system. The red 
crystals turn yellow when heated, and resume their red tint on cooling. The yellow 
crystals obtained by sublimation retain their colour when cooled ; but on tho slightest 
rubbing or stirring with a pointed instrument, the part which is touched turns scarlet, 
and this change of colour extends, with a sliglit motion, as if the mass were alive, 
throughout the whole group of crystals as far as they adhere together. 

Carbonate of calcium, Ca’CO*, in the form of calcspar, whose specific gravity a*2*721> 
belongs^ to the rhombohedral ; in arragonite, whose specific gravity is 2*931, to the 
trimetric system. An explanation of this difference was formerly sought in the 
discovered by Stromeyer, viz., that ar^onite usually contains smafi quantities of 
earlxinate of strontium. The same peculiarity is presented by carbonate of iron (i. 359), 
which in spany iron ore (of 3*872 specific gravity ) has tlie form of calcspar, in junken^ 
(of 8*815 s^ific gravity) that of arragonite. Hence Ca*CO*, and Fe^CO* aw is^ 
If a solution of carbonate of calcium in water containing earbonio acid be left 
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. evaporate at the ordinary temperature, nothing is obtained but calcspar, in micro- 
'^opicidand, for the most part, truncated primitive rhombohedrons ; if, on the contrary, 
the^ solution be evaporated over the water-bath, airagonite is obtained in small sii- 
idecl prisms, mixed with a few crystals of calcspar, because the temperature of the 
^'olution is lower at first than it afterwards becomes, and the specific gravity of the 
liquid is not liigher than 2-803. When an aqueous solution of chloride of calcium is 
mixed at ordinary temperatures with an aqueous solution of carbonate of ammonium, a 
voluminous fiocculent precipitate of chalky (amorphous?) carbonate of calcium is first 
produced, which, if immediately collected on a filter, washed and dried, remains un- 
altered, possessing a specific gravity of 2 716, and appearing under the microscope to 
consist of small opaque granules ; but if this same precipitate be left for some time in 
tho saline liquid from which it has been precipitated, it collects into microscopcal 
crystals of calcspar, of specific ^vity 2*719. If the same saline solutions bo mixed 
boiling, the carbonate of ammonium being added to the chloride of calcium, arragonito 
is obtained, mixed with a small portion of calcspar. If, on the contrary, the chloride 
of calcium be added to the carbonate of ammonium, arragonite is obtained alone, in ex- 
ceedingly small ciystals of specific gravity 2*949. If, however, these ciystals are not 
iminediiitely collected on a filter, washed, and dried, but allowed to remain in the 
liquid, they gradually change after the liquid has cooled, and in about a week are com- 
plcttdy converted into calcspar ; in pure water this transformation goes on much more 
slowly. When carbonate of calcium is fused under strong pressure, it invariably 
crystallises on cooling in the form of calcspar. A tolerably large crystal of arragonite 
falls to pieces at a low red heat without losing weight, and forms a white, opaque, coarse 
].( I vvdor, having a specific grarity of only 2*706. Hence it follows that carbonate of 
Ciilciuni crystallises at about 100^ C. in the form of arragonite, but at a lower tempe- 
rature, or at a red heat, in the form of calcspar. The arragonito which occurs in the 
caverns of volcanic districts must liave been formed by infiltration while the mass was 
yet warm. (H. Hose, Pogg. Ann, xlvii. 353.) 

Kitratc of jiotassium usually crystallises in prisms of the form of arragonite: but if 
a drop of the aqueous solution of this salt be left to evnponite on a glass plate and the 
rrystalHsatlon oliservcd under the microscope, it will bo found that, side by side with 
the prisiiuitic crystals at the edges of the drop, a number of obtuse rhomboliedrons of 
the calcspar foinn are produced, jiLst like those in which nitrate of sodium crystallises. As 
flic two kinds of cr 3 *stala increase in size and approach one another, the rhombohedrons 
hccoine rounded oft’ and dissolve, because they are more easily soluble than tlie others, 
while the arragoiiite-shaped prisms go on increasing in size. Wlien the two kinds of 
cr}-stals come into immediate contact, the rhomhohcdral ones instantly become turbid, 
a(‘(jnire an iiiieveu surface, and after a short time throw out prisms from all parts of 
till ir .surface.s. Contact with foreign bodies also brings about the transformation of 
the ilioinholiedrons while they are wet. If the drops are so shallow that the liquid 
dries round the rhombohedrons before tliey are disturbed, they will remain for weeks 
^^ifIlOll^ disintegrating, and bear gentle pressure with foreign bodies without alteration ; 
I'Ut .stronger piesHure, or scratching, or the mere contact of a prismatic crystal of salt- 


pvtrn, c:iu<e.s tlu'm to change, a delicate film proceeding, as it were, from the point of 
contiK-t and spreading itself over their surfaces ; they then behave towards foreign 
iiodies like a licap of fine dust, but retain their transparency. The rhombohedrons are 
alsio tniiisformed, wn’Miout alteration of external a})|)earHnce, when lieated considerably 
id ore lOO'J C. : they llien become much harder, becau.so the fine powder first produced 
h.ilu's logother into pri.smatic crystals. A hot solution of .saltpetre yields, when slightly 
i‘’'d(‘tl, nothing but prismatic crystals; hut at 10° C. prismatic and rhomboliedrul 
frystiil-; a])pe:n’ together; if alcohol be added, the latter are formed most abundantly; 
tie lullitiou of potash, nitric acid, or nitrate of sodium, produces no alteration. 
(I raiikenheim, Pogg. Ann. xl. 447 ; also J. pr. Chom. xvi. 1.) 

wliieh commonly crystallises in regular octahedrons, appears at higher 
'•‘inp(T:)ture.s to assume form.s belonging to the trimetric system, (Frankenheim, 
I'l*. Clicm. xvi. 3.) 

/ofliih of potaasiuw, which msually cr}*stallisesin cubo.s, likewise forms square prisms, 
trnnciitod summit.s, which cannot be regarded as cubo-octahedrons, because their 
O'hihodral faces are not equally inclined to all the adjacent prismatic faces; P : oP 
if, ^'^** 222 .) 

C hromate of lend occurs in red lead spar in the form of nionoclinic prisms ; but in 
ironiate of lead from the Bannat, the same substance presents forms belonging to the 
i i^motnc system, having the same angles as molybdate of lead. (Johnston, PhiL 
[3] x!i. 387.) S 

oulphute of nickif Ni-SO* + 7 aq., crystallises (u) below 15° C. in trimetric prisms, 
vq between nn^l f)no n (fkcio r.fto ^ .•iniifp npfahpdrnns. mid (o\ 


Fahr.) in acute dinietric octahed 
^ 30° C. (86° Fahr.) in moiiociinic prisms ; it is tlicrefore tnmorphous. 


octahedrons, and (c) 
orphous. The right 
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rhombic prisms (a) when exposed to sunlight. for a few days, neither liquefy nor loa 
their form or water of crystallisation, but when broken are found to be made ud f 
aquare-based octahedrons, often several lines in lengtii. ^ ® 

The following salts, isomorphous with sulphato of nickel, have hitherto been obtained 
in only two out of the three forms just mentioned. Sulphate of zinc, Zn^SO^ + 7 an 
crystallises below 52° C. in form a ; below 62° C., as observed by Ilaidinger in 
transparent crystals, like c ; if a crystal a he heated in oil or in a gliuss tube above 62° C 
it becomes soft at certain points without losing water, excepting any that may he ad’ 
hering to it mechanically, and from these points bundles of milk-white ciystals c shoot 
out towards the inside of the transparent crystal, until the whole is completely trans- 
formed. If the crystals obtained above 52° C. be slowly cooled after drying, they remain 
tolerably clear ; hut when cooled quickly before drying, they become opaque, and when 
broken are often found to consist of an aggregate of crystals a, these having been first 
formed in the adhering mother-liquid, and subsequently extended through the crvstals 
already formed. Sulphate of magtieshim, Mg"SO* + 7 aq., like sulphate of zinc, yields 
trimetric prisms a below 62°, and inonoclinic prisms c above 62° ; and the crystals a 
when heated above 62° are immediately converted into an opaque aggregate ot crystals 
c, which proceed from the surface of the cpystals and meet in the middle. Schnatr of 
zinc, Zti'^SeO^ + 7 aq., crystallises at a lower temperature like a, at a higher tempe- 
rature like 6, and the crystals a undergo au alteration of intc-rnal structure when ex- 
posed to sunshine. (Mitscherlicli, Pogg. Ann. vi. 19, and xii. 144.) 

Acid pkoaphate of sodium^ + aq. crystallist's in two series of form.s, both of 

which belong to the triraetric system, but haveincom)iatib]e angle.s. (Mitsch erlieh.) 

l>rKrZTll. A fossil resin found in the lignite of Lunigiaria in Tuscany. Cleavage, 
none. Has the appearance of ice, wdtli a yellow ting(‘. Inodorous and tasteless. 
Fragile and easily reduced to powder. Insoluble in water, spiiringly Koluble it 
alcohol, very soluble in ether and in sulpliide of carbon. Tlie ethereal solution, 
on standing, deposits large crystals of the resin. It melts with the warinth of the 
hand. Heated in a close vessel, it distils over without perceptible clecomposilion. 

BmZTBAMXMtOSarYXi, and BXBBOMOXffZTilACBTOXffZTRZI.E. Seo 
Tmnituacetonitru.b. 

OZnrZTHOETBTZiZC and BZ2rZTZlOMETHTZ.ZC AC IBS. See Nituous 
Etueus. 

BZOPSZBB. A variety of augite M-SiO'*, containing calcium aud inagnwjiiim, 
with little or no iron. The ci^stals appear roetangular in tlui l)asal sc'ction from pre- 
dominance of the faces osPoo and [ ooPco ], and are acuminated at the ends with llie 
faces + P, —P, ~2P, and several othei’s, the pyramids being also frequently trun- 
cated by oP. Inclination of ooP : ooP «= 87° O'; 4 P: + P in the cUnodiagoiial 
principal section = 131° 29'; -P: — P 120° 39'; — 2P: — 2P — 96° 30'. Cleaviige 
distinct parallel to ooP; less distinct parallel to cr.Pco and [ ooPoo ]. The crystiil.s 
are implanted, or less frequently imbedded, and often distorted into fusiform, scaly, or 
granular aggregations. The granular variety, if coarse and somewhat friable, is 
called white coccoliU, Specific gravity =r=3-2 to 2*3. Hardness — 6-6 to G*0. Colour, 
generally light green or grey ; white, if quite free from iron. Lustre, vitreous on tin- 
crystalline faces, nacreous on the cleavage faces. Transparent or translucent in various 
degrees, sometimes on the edges only ; the more transparent sorts are sometimes cut 
for gems. Before the blowpipe, diopsido melts to a whitish or grey glass. It if 
insoluble in acids. 

Analpses,-^, From Tammare, Finland (Bonsdorff, Schw. J. xxxi. 168).— ft. From 
Brazil (Kussin, Ra/mmelslurg' s Mineralch mic, p. 462). — c. From the Zillerthal(W ac- 
kenroder, Kastn. Arch. xiii. 84).— c7. From Iveichenstein, in Silesia; partly ashosti- 
form (R. Richter, Pogg. Ann. Ixxxiv. 383). — e. From Pargas in Finland; 

gro^.^en cmtals (Arppe, Anal, of Finsk, mm. p. 22) f,q. From Schwarzeii- 

stem in the TyTOl (T. S. Hunt, Phil. Mag. [4] vii. 501). — //. ’From the Saassgrat 
between the Rimfisehhorn and the Stralilhorn : white, tran.slucent. (Brunner, 
Jabrb. Min. 1866, p. 180.) 
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DIOPTASE — DIOSCOBEA. 


m 


A transparent colourless variety of diopsido called alalite^ found at Ala in Piedmont, 
* cut for perns. Maasite is a variety fronr Massa in Piedmont of greyish-green colour, 
with lamcllai parallel to tho base, and sometimes contorted. These two varieties 
ci*ntain very little iron. 

Diopside has also been found as a fumace-slag (Hausmann, J. pr. Chem. Ivi 186), 
and is produced artificially by passing vapour of chloride of silicon over a mixture of 
lime and magnesia at a red heat. (Daubr^e, Compt. rend, xxxix. 153.) 


DIOPTASH. Emerald Cojyper^ Emerald Malachite^ Smaragdochalcite^ Achirite, 
Cu’^SiO^ + H*0 OP (Cu*H*)SiO*. — This mineral crystallises 
in rhomhohedral combinations derived from ii primary form 
K for which the length of the principal axis is 0*5295, and 
tli(‘ angle R : K in the terminal edges =126'^ 17'. Ordinary 
cmibination -2B . aoP2 369); -2R : -2R in the 

tta-miiial edges =»95° 48'. Cleavage very distinct parallel 
to K. It occurs in single crystals and implanted in geodes. 

Siiccific gravity = 3*278 — 3*348. Hardness =5. Colour 
cincrald-greeii. Streak green. Lustre vitreous. Trans- 
yi:ir('nt to sub-translucent. Fracture conchoidal, uneven, 
brittle. When heated in a tube, it gives off water and 
turns Idiiek. Infusible before the blowpipe; turns black in tho 
oiit»‘r, rod in the inner flame. Gives with phosphorus-salt a 
skeleton of silica and the reactions of copper; and with soda 
II button of cojiper. Dissolves in hydrochloric acid, with 
separation of gelatinous silica. 

Jnafi/.s(s. a, b, D amour (Ann. Ch. Phys. [3] x. 485); — ■ 
c, dj Hess (Pogg. Ann. xvi. 360). 
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Fig. 369. 



Dioptaso occurs at Altyn Tubi^, Berghes-Karkalinsk, and Oni in Siberia, and in the 
Ilucliy of Nassau between Oborlahnstein and Ilraiibach. 

DXORXTE. Oroenstone, containing soda- instead of potash-felspar. (See 
Greenstone.) 

DXOSCOREA. A genus of plants of the Smilaceous order, the tubers of which, 
fill led yams, are very rich in starch, and are much used as food in the West Indies and 
otlier trnyiical countries. In a root of Dioscorea alaia from the Antilles weighing eleven 
kilogrammes, Payen (Compt. rend. xxv. 182) found 79’6 per cent, water, and 


In the At the end 

middle. of the root. 

Non-azotisod substance . . . . 85*0 74*5 

Azotised substance . . . , .9*5 16*4 

Mineral constituents . ... 5*6 9*0 


The tubers of D. hulbifera were found to contain 10 5 per cent, starch (Pharm. J. 
Trans, vi. 23). Tho tubers of D. Batatas (the Chinese yam^ Ignamedc (74/wr), grown in 
the noighbourbood of Paris, have been analysed by Fr 6 my (Compt. rend. xl. 128); 
uie same from Algeria, by Boussingault and by Payen ; tho same grown in the 
rKdanic Garden at Bonn by Grouvon (Chem. CcntralW. 1857, p. 686). The tubers, 
inter dry ing over the wator-bath, yield by trituration, a powder which may he kneaded 
With water to a dough, like wheat-flowor. The fresh tubers yield in 100 parts: 
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‘'^l>uminous substance does not coagulate till after long continued boiling 
\ Suers en (Schcerer’s Joum. [1802] viii. 600), found in the tubers of 

ioscorea saliva, 23 per cent, starch, 68 woody fibre, gum, &e. 



DIOSM A — DISACRTL. 


1IZ08MA OUBITATA. Buvhu, The leaves of this plants a native of the 
Cape of Good Hope, contain about 0*7 per cent of volatile oil, 21*2 gum, and 2*16 
resin. According to Brandes (Arch, rharm. xxii. 242) they also contain a bitter 
principle, diosmin, which is yellowish-brown, bitter, and soluble in water. 

BZOaLTXJTS. Syn. with Lanabkitb. 

BZVBANITII. A variety of margarite, occurring in the emerald mines of the 
Ural, together with chrysoberyl and phenacite, in hexagonal prisms with perfect basal 
cleavage. Specific gravity « 3*04 — 3*97. Hardness ■=6 — 6*6. Colour, white to 
bluish. Before the blowpipe it becomes opaque, and fuses with intumescence in the 
inner flame to a white enamel. With a little soda it forms a blebby glass. Contains, 
according to Jewreinow’s analysis, 34*02 per cent. SiO*, 43*33 AlW, 13*11 Ca^O, 3*02 
Fe*0, 1*06 and 5*34 water — 99*87, whence approximately the formula 

(M'-'O.SiO*).(2A1^0».SiO*) + H*0 or MaASiObo/TIO'^. (Nordonskiold, Petersb. 
Acad. Bull, V. 17 ; RamMeUh, MineralcK p. 843.) 

BXPBv.xrZir. C^HW or C‘‘‘‘H**N*. (Laurent and Gerhardt, Compt. chim. 
1819 417.) Dinitrazobenzene (i. 478) is boiled with alcohol and siiljdiide of 
ammonium till most of the alcohol is driven oflf ; the liquid is diluted with water, 
mixed with a alight excess of hydrochloric acid, filtered hot, and precipitated by 
ammonia; and the crystalline precipitate is purified, either by recrystallisation from 
ether, or hy converting it into sulphate, which is washed with cold water and alcoliol, 
dissolved in boiling dilute hydrochloric acid, and precipitated by ammonia. Diphenin 
is a yellow crystalline body, dissolving with red colour, in hydrochloric or nitric acid; 
the former solution gives with dichloride of platinum a dark carmine precipitate of 
ehloroj)latinate^ PtCl*C‘H’N*. The sulfhate is insoluble in water. F. T. C. 

BZP&OBABB. Syn. with Alstonite (i. 149). 

BZP&OZTB. Latrohite, A variety of Axohtiitte (i. 308). 

BXPPZiB’8 OZXi. Pitrificd Harfs-horn or Animal oil, Oleum animale IHiypeUi, 
01, comu cervi rectificatum. An oil originally prepared as a medicine by Bippel, an 
apothecary of the seventeenth century, from crude fetid animal o\\ (01. cornu cervi 
fatidim) by submitting it to repeated rectification per se, till it no longer li'ft 
any black residue. The oil thus obtained is colourless, highly refractive, has a riui 
unpleasant odour, somewhat like that of cinnamon, and a burning taste, with sweetish 
after-taste, like a mixture of pepper and cinnamon : its specific grjivity is 0*806. Wlien 
kept for some time it turns yellow, especially if exposed to light. 

Animal oil is now more generally purified hy rectifying it with addition of sand, 
lime, or water. That which is rectified with water is very mobile, has a very pungent 
disjjgreeable odour, a njiusoous burning taste, and a specific gran'ty of about 0*76. 

Nearly all the animal oil of commerce is now obtained by the destructive distillation 
of bones, in fact as a by-product in the preparation of bone-black. 

The composition of animal oil varies greatly according to the mode of prepanition; 
hut in all cases it consists of a basic and iion-hasic portion, the former being ft 
mixture of mimoroiis volatile bases, including ammonia and pyrrol, and the latter 
consisting mainly of benzene and its honiologucs. (8eo Bone-oil, i. 626.) 

BZPTXIB. Schmehsiein, Lerwolithe de MauUnn. A silicate found with talc and 
chloritti in an unctuous argillite near Mauleon in the lower Pyrenees, crystallised in 
four-sided prisms, with rounded ends, apparently dimetric like scapolite, with lateral 
and diagonal cleavage. Specific gravity = 2*646. Hard enough to scratch glass. 
Colour whitish or reddish, lustre vitreous. Transparent to translucent ; opaque when 
weathered. Before the blowjupe it becomes opaque and melts with intumescence to a 
white blebby ^lass. Melts easily with phosphorus salt, oxce,pting a skeleton of silicft. 
Fonns a limpid glass with soda. Attacked with difficulty by the strongest acids, 
even when pulverised. According to an analysis hy I) el esse (Compt. rend, xviii. 994, 
1844), it contains 66*5 per cent. SiO^, 24*8 ABO* 9*0 Ca^O, 9*4 Na-0, 0*7 K*0, whence 
approximately the formula 4(2M*0.3Si0*) + 3(2Aj’0*.3Si0*). 

BZ8ACllO»riL See Disacbtl. 

BK8ACBTB. (Redtenbaclier, Ann. Ch. Pharm. xlvii. 114.) Acrolein when 
kept for some time, even in close vessels, .changes, sometimes into a flocculent substanc® 
called disojCyryl or disacrone, sometimes into a resinous matter, discecryl resin, 

Disaciyl is a white, amorphous, tasteless, inodorous powtler, which becomes strongly 
electrical by friction. It is insoluble in water, acids, alkalis, sulphide of 
and oils, either fat or volatile. It dissolves slowly in melted potash, and is precipihdcd 
by adds from the solution of the product. It gives by nnalysis 61*2 per cent carhpm 
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A 7-43 hydrogen, whenco Eedtenbaeher deduces the formula (carbon 60*6, 

h”'drocen 7*1). perhaps isomeric with acrolein. 

Disacrijl-nm^ is a white powder which melts at 100® C., and forms on cooling a 
TAohanous brittle mass. It is insoluble in water, but soluble in alcohol and in ether ; 

alcoholic solution reddens litmus and is precipitated by water. It dissolves in 
of'ueous alkalis and is precipitated by acids. The alcoholic solution precipitates the 
of copper, lead, and other metals. The resin gives by analysis 66 6 C and 7'4 H, 
whence Bedtenbacher deduces the formula (Carbon 66*3, hydrogen 7’2.) 

3>XSCBASZTII- Syn. with Antimonial Silver (i. 317). 

BZSOMOSB. Syn. with Nickel-glance. 

OZSTSRXtna. See Clintonite (i. 1020). 

XIZSTBBXffB- See Kyanite. 

DZSZNrZSCTAWTS. See lire's Hktienai'y of Arts^ Manufactures^ and Mines 
(ii. 27). 

DZSTIXIiATZOmr is the conversion of a substance into vapour, and the conden- 
Biition of the vapour in another part of the apparatus by cooling, tlie object of the 
optration being generally t-o separate an easily vafx>rised body from one which is less 
vohitile. It is called especially diatillation, when the vapour condenses into a liqui^ 
and siihiimation when it condenses into a solid. In either ease the bixly to bo vapo- 
rised is enclosed in an alembic flask, retort, or still, and the vapour is conducted 
through a tube or series of tubes kept cool into a receiver. In distillation on the 
large scale, tlie conducting tube is in the form of a worm enclosed in a tub, through 
winch cold water is constantly flowing. For laboratory experiments, sufficient cooling 
powi r nuty sometimes be obtained by simply immersing the receiver in cold water, or 
hv directing a stream of cold water on the neck of tlie retort, surrounded for t he pur- 
pose with bibulous paper. To obtain greater cooling power, Liebig’s condenser is 
used, which consists of a glass tube enclosed within a metal cylinder, through which 
fold water is continually flowing in a direction contrary to that of tlie vapour. For 
ih'tails and figures of apparatus, see lire's Dictionary of Arts, Manufactures, and 
Mims (ii. 36). 

BISTZZiXiATZOSr, BRY or BESTRITCTXVIJ. These terms are applied to 
the decomposition which organic substances undergo when licjited out of contact with 
the air, or at all events, in sucli a manner that the constituents of the air take no part 
in the reaction. Some organic compounds boil at so low a temperature that, when 
heated in a retort., they pass over unchanged, o.specially if the air be excluded; c. //., 
iilcoliol, etlier, volatile oils ; others, on the contrary, which would not boil till raised 
ti a higher of degree of lieat, undergo decomposition before they attain the boiling 
teiiifxu’aturo. 

Compounds wliose boiling points aro not. much above the temperatures at which 
llieir dfcou) position begins, pass over to a certain extent undecomposed; because the 
Tu})ours and gases produced by the decomposition of the one part, take up the other 
part of the compound below the boiling temperature in the fbrm of vapour, just as 
water evaporates in the air considerably below its boiling point. Tlius, oxalic acid, 
margaric acid, and otlier fatty acids, also pinic acid, and certain other resins, indigo- 
blue, &c., undergo but partial decomposition. Such compounds may therefore bo 
volatilised without decomposition, if they are heated in open vessels to a temperaturo 
Bomewhiit below that at which they decompose ; or in a wide distillatory apparatii.s 
filled with air : or in a tube or a conical enlargement of it, through which is passed a 
stream of air — or if the air exerts an oxidising action — of hydrogen, niti’ogen, or car- 
oonic acid gas ; also when carefully heated in vacuo. 

A contrary action is exerted by sand, brickdust, &c., mixed in largo quantities with 
the organic compound, even if the boiling point of that compound be below the tem- 
perature at which it decomposes ; for the bubbles of vapour are mechanically retaimd 
hy the pulverulent mixture, and raised by the heat which penetrates the containing 
Vessel, to the degree at which their decompo.sition takes place. Alcohol is partially 
deconqxised by tliis treatment, and bcmzoic acid almo.yt completely. 

The apparatus used for destructive distillation consists of retorts of glass, earthen- 
ware, or metal, according to the temperature required, filled witli good-sized exit-tubes, 
and communicating with well-cooled receivers of considerable capacity. For operating 
on small quantities of substances, Greville Williams, who has worked extensively on 
the snbjecb uses a small still made from a glue-pot, and having a copper head fitted to 
It. The luting for all temperatures not exceeding 700® F. may be a mixture of i 
linseed and ^ almond meal, made into a mass of the consistence of putty. For quan- 
|itios of material not exceeding 15 or 20 lbs., a stout seuii-cylindrical c.ast-iron pot mav 
he used, having a broad flange round the edge and a cover fitting it like a saucepan-lid, 

Vou II. Z 
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For opemtiong on tlio manufacturing tfoale, large retorts pf. cast iron or fire-clay are 
employed, as in gas works. (See Ur^s Dictionary of Aris^ Manufactv/reaf and Mifies 
ii. 44.) ^ 

Volatile organic compounds are decomposed by passing thenl thrtfii^h a red-in^ 
usually filled with fragments of glass or pumice, to increase heating surfghC^^ 

The causes of decomposition by heat are as follows : —The. afi|ttfty of.^e pxv^^ foy 
the hydrogen and the carbon, tending to form water, carbonic oatide and 
dride, is greater than that by which the elements in the organic cbm^und are held 
together. These strong affinities are brought into action by heat. Hence those com- 
pounds which contain most oxygen decompose at much lower temperatures than those 
which contain little or none. To this rule, however, there wpe many ezeeptiems' 
Acetic acid, C-H'O**, i.s a l)ody rich in oxygen ; but its vapour is but little alterM ju 
composition by passing through a tube at a low red heat ; acetate and cyanate of pbtu* 
slum also, are not decomposed when heated to low redness out of contact with 

In compounds containing nitrogen, the affinity of that element for hydrogen like- 
wise asiiists the decomposition. The ammonia which is then abundantly formed, does 
not, however, pass over in the free state, but in combination with an acid, as with 
carbonic, acetic acid, &c. 

If the compounii contains chlorine, bromine, iodine, or sulphur, these elements, if 
they do not separate in the free state, or enter into volatile organic compouiids, are 
givem^ff in combination with liydrogen, in tlie form of hydrochloric, hyflrobromic, hy- 
driodie, or snlphydric acid. Part of the sulphur and chlorine may also be evolved in 
the form of snlphido or . chloride of carbon. 

At hi^h ttmiperaturos, moreover, decomposition is facilitated by;the great tendency 
of certiiin elements to a.sHiime the gaseous form ; hence part of the hydrogen and nitro- 
gen arc given off in the slate of gas, the quantity thus evolved increasing with the 
temperature ; for oven the hydrocarbons formed at a moderate heat may be resolved at 
higher temperatures into hydrogen gas and sooty carbon. The heat may also induce 
41 disposition to tJie formation of volatile organic compounds, which, when onc^p pro- 
duced, passov('r, and are t.lius witiidrawn from the decomposing action of a stronger heat. 

By tlio formation of tlio inorganic compounds above mentioned, and by the escape of 
hydrogen and nitrogen gas, the organic compound (unless it be one of the more highly 
oxygeuised acids, such as oxalic* or formic acid) loses oxygen in the greatest relative 
quantity, hydrogen and nitrogen in siualhT quantity, while the residue becomes con- 
tinually richer in carbon. 

Hence those volatile organic compounds which are richest in oxygen, such as a<ud8 
and alcoholic liquids, pass, over principally at the beginning of the distillation. Among 
acids, the most frequent is acetic acid. It is formed in especial abundance in the dis- 
tillation of compounds, such as sugar, gum, or wood, which contain oxygen and hydro- 
gen in about the proportion to form water, so that it only requires the addition of a 
certain number of carbon-atoms to form acetic acid, C*HT)* which, being volatile, is 
withdrawn from the further decomposing action of the heat. Many organic compounds 
yield other acids, wliich in some cases are quite peculiar to them {vid. inf.). The 
alcoholic liquids produced in the dry distillation of a few organic compounds are, wood- 
Bpirit, lignone, aldoliyde, and acetone. 

But as the distillation proceeds, compounds containing little or no oxygen appear in 
continually greater abundance, viz. : 1. Ga.srous hydrocarltons, such as marsh-gas, 
CH^ olefiant gtw or etliylene, C-I1\ and tctrylene, C^H®. The last two hydrocarbons 
are evolved chiefly from compounds containing but little oxygen, such as fats and 
resins ; the greater their proportion in the gaseous mixture, the more brilliant is its 
flame and the better is it mlapted for illumination. — 2. Volatile oils generally having 
an offensive odour, and designated, from their mode of formation, entpyreumatic oils. 
They are 8ometinie.s pure, sometimes sliglitly oxidised hydrocarbons. To this class of 
products belong the two cinpyrcumatic oils which Faraday obtained from fat; also 
eupione, creosote, picamar, and capnomor, obtained by Reichenbach; pyrrol, by Bunge, 
and several oilsobtjiined from resins by Fremy, Couerbe, Laurent, and others; &c. &c. 
“—3. Camphordidal compounds, wliich may be called cmpyrcumaiic camphors or 
stcaroptenes ; they consist wholly of carbon and hydrogen ; * but some of them ap- 
pear to be produced from other volatilised compounds, which are subjected to the 
further action of a red heat within the apparatus. — 4. Eesins, which may be called 
' empyreumatic resins, containing but little oxygen, and generally dark-coloured ; ac- 
cording to Unverdorben, some of them dissolve both in alcohol and in potash, others 
only in alcohol, others again only in potash.— 5. If the original compound contains 
nitrogen, ammonia and volatile alkaloids are also given ofl^ viz. ethylamine and its 
homologues, together with pyridine, picoline, lutidine. collidine, pyrrhol. and others, 
(^p BoNE-om, i. 625.) 
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* 

Coal by diy distillation, especi^y at low temperatures, a very complex 

distillat^ consisting of an acid ^rtion containing phenic or carbolic acid, with smaller 
quantities of rosoliC ai^ brunoHc acids, a bdsic portion containing ammonia, phenyla- 
^{ii^ .|;)eiizylamind|< ahd the volatile bases above mentioned, and a neutral portion 
eonlirtuig benzene and its homologies, together with the hydrides of the alcohol- 
radieJesT^amyl, hexyl,- and heptyl, which are liquids, — also the solid compounds 
naphthalene, anthrficffie or ppanaphthalenc, chrysene, pyrene, and the paraffins, which 
probably consist bf tber hydrides of the higher terms of the series of alcohol-radides. 

^ As the more volatile products escape, substances of continually diminishing vola- 
tility remain behind ; and these, as the temperature rises, are either evolved unaltered 
in the gaseous form, or resolved into more volatile matters and residual products of 
still greater fixity. 

The hydrogen, nitrogen, and oxygen, w'hich finally remain, ate either sufficient to 
form, with the whole of the residual carbon, a compound which is volatile at a higher 
temperature, in which case nothing remains in the retort; or, the relative quantity of 
the carbon is too great to enter wholly into such a state of combination ; and then, as 
the heat approaches to redness, tins excess remains behind in the form of charcoal, still 
combined with small quantities of the other substances, wliich, however, are separated 
the more completely as the residue is finally subjected to a stronger heat. 

Compounds containing a medium quantity of oxygen, such as sugar, gum, wood, 
and glue, leave, if they are not volatile, the largest quantity of charcoal ; because a 
large portion Of the hydrogen, which would otherwise volatilise Hio carbon, is converted 
by the oxygen into water. These compounds leave more charcoal in proportion as they 
are heated more slowly, because the quantity of water formed is then likewise greater. 
Wlicn the pro^rtion of oxygen is la^e, this element also tends to volatiSse the 
carbon, in the form of carbonic anhydride and carbonic oxide. Wlicn the quantity of 
oxygen is comparatively small, the hydrogen combines chiefly with the carbon, form- 
ing volatile compounds, such us gases, oils, camphors, and resins. 

If the compound, during dry distillation, passes into a fused or softened state, which 
i.s most frecjuently the case, the charcoal appears inflated, like that formed from resin 
and sugar, or at all events veiy porous, like that from tartaric acid and cork. But if 
tlio com^und, wood, for example, remains solid while subjected to heat, the charcoal 
still cxlubits the original form and internal structure, but is contracted in volume. 

Spongy platinum, inasmuch as it favours the fonnation of vapour in liquids, may 
cause an organic compound to be completely resolved into volatile products at a lower 
temperature than it would if heated alone. Tluis, tartaric acid mixed with spongy 
platinum and carefully heated, yields nothing but carbonic acid and a transparent and 
colourless, crystallisable distillate. (Reiset and Millon.) 

The products of diy distillation may bo arranged in the following classes, according 
to their external forms : 

1. Gases. — Hydrogen and nitrogen ; — carbonic oxide, carbonic anhydride, hydro- 
chloric, hydrobromic, hydriodic, and sulphydric acid gases, marsli-gas, olefiant gas, 
and tctryleno. In this gaseous mixture, the vapours of cmpyreumatic oils and of 
sulphide of carbon are also diffused. 

2. Watery distillate, — The water contained in this distillate was cither attached as 
such to the organic compound, or it has been formed at the high temperature to which 
that compound has been subjected, from the oxygen and hydrogen contained in it. 
In this water are dissolved: — a. In some few instances, alcoholic fluids, such as 
aldehyde, wood-spirit, lignone, and acetone. — h. Almost always acids, of which the 
most frequent is acetic acid. Hence the watery distillate obtained in the dry distil- 
lation of non azotised organic bodies almost always has an acid reaction (see Acktic 
Acid, i. 9). — c. The watoiy distillate obtained from azotised sul>6tances contains 
small quantities of hydrocyanic acid and large quantities of ammonia, often mixed with 
compound ammonias, suen as methylamine, ethylamino, &c. When the quantity of 
ammonia is but small, it is completely saturated by the acetic acid or any other 
stronger acid that may be present, and the watery distillate still exhibits an acid 
reaction, or is neutral ; but in the distillate obtained from most azotised bodies, these 
stronger acids are not present in sufficient quantity to neutralise the largo quantity of 
ammonia, the excess of which, therefore, unites with the carbonic acid, and in the 
form of carbonate of ammonia, imparts an alkaline reaction to the liquid. By this 
character, a non-azotised organic compound may be distinguished from one which 
contains nitrogen. The former yields an acid distillate, which does not give off 
ammonia even on the addition of potash ; the latter gives either an alkaline distillate, 
or, if it contains but little nitrogen, a neutral or acid distillate which gives off 
ammonia when treated with potash. But a non-azotised organic compound likewise 
yields ammonia by destructive di8tillatio.n, if it be previously mixed with nitre. 
Thus, gum-arabic distilled with one-tenth of its weight ot nitre yields ammonia 
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aiid a pyrophoric charcoal containing (^nide of potassium (Vauqueliu, An®, Chim, 
Ixxji. 69 ), The watery distillate likewise holds in solution a small quantity of 
the itarry matter next to be considered, which gives it a brown colour. 

. 8. Ou^ or Tarry Distillate^ Bn'pyrewnatie 2’flr.— Generally a brown and fetid mix^ 
ture of different empyreumatic oils, camphorSi and resins, which may likewise contain 
volatile alkaloids, a brown mouldy substance, and another brown substance soluble in 
water and alcohol, and forming with potash, baryta, and lime, compounds which are 
soluble in water, and, with the other earths, compounds which are insoluble. The most 
fetid tar is that obtained from the more highly azotised compounds, such as gelatin and 
white of egg. The ofFensive odour of most empyreumatic tars is ascribed by Unver- 
dorben (Pogg. 268, 297, and 477) to a peculiar oily acid which he calls ent^renj^ 
matio acid, which, however, varies with the nature of tlie original compound, being 
•ometimes lighter, sometimes heavier, than water. ^ ^ ' 

4. Sublimed ’Products. — These products consist sometimes of an acid, e, g, pyp©, 
gallic acid, sometimes of a camphor, sometimes of carbonate of ammonia. 

6. Clmrcoal, 

Some organic compounds yield all these products, viz. gases, wateiy liquid, tar, 
suldimato, and charcoal. Such is the case with gelatin, albumin, &c., in which the 
sublimate consists of carbonate of ammonia. Other compounds, as sugar, woody fibre, 
&c., yield gases, a watery liquid, tar, and charcoal, but no sublimate. (See Acbtio 
ACID, Bonk-oil, Cinchonine, Coal.) 

The nature of the products obtained by the de.structive distillation of any substance, 
often varies considerably with the temperafuro to which it is subjected; thus coal, 
when distilled at bright red heat, yields a largo quantity of gaseous, and a compaju- 
tively small quantity of liquid hydrocarbons, whereas, when the distillation is con- 
ducted at a low red heat, the proportion of liquid products is much greater. The 
paraffin oils now so largely used for illumination and for lubricating machinery, am 
prepared by distilling Boghead coal at a low red heat. 

Wo have hitherto spoken chiefly of the decomposition of bodies of complex or inde- 
finite constitution, such as wood, coal, animal matter, &c. The more simply consti- 
futed organic compounds, such as acids, bases, and salts, yield by dry distillation, 
especially if carefully conducted, a small number of products, bearing a definite and, 
generally speaking, a simple ratio to the original substance. The following are 
examples : — 

a. Decompo»ition of non-azotised organic WrVs.— Many acids are wholly resolved 
into water or carbonic anhydride (or both together), and one or more acids, called 
Pyro-acids^ containing less oxygen. 

Malic acid, when quickly heated to 200 C., is almost completely resolved into 
water and maleic acid, which distil over : 

C'H-O* « 2C=H*0* + H»0. 


At 160® C., it yields, as principal product, a residue of fumaric acid, which is {x»ly- 
meric with maleic acid, and may be regarded ns a dibasic acid ■■ C*H*0*. At a more 
intense heat, the products are carbonic oxide, marsh-gas, empyreumatic oil, and 
charcoal 

Mueic acid is resolved into 1 at, carbonic anhydride, 3 at. water, and pyromucie 
acid: 

« C»HW + 3H-0 + CO*. 


Citric acid, when heated in a retort, gives off 1 at water, and leaves a residue of 
aconitic acid : 


Ofl'O* - H*0 C®H*0* 


This aconitic acid, it more strongly heated in the retort, gives off 1 at carbonic anhy- 
dride and distils over as itaconic acid : 

C*H*0* - CO* « C*H*0<. 


At the same time, another portion of the citric acid is decompoe^ in a different man* 
ner, being resolved into carbonic oxide, acetone, empyreumatic oil, and charcoal. 

Gallic acid, heated to 210® C., yields carbonic anhydride and a distillate of pyro- 
gallio acid : 

C’H*0» « C*H*0» + CO*; 

but at 260®, it gives off water and carbonic anhydride and leaves metagallic acid: 


(yH-O* * C*H<0* + H^O 4 CO*. 
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offoarbonio anhydride, and yield* d .jinblimate of pyromeconle 

tcid : 

p. + 2CO». 

Oxalic acid partly imblimes undecompbsed ; another portion is resolved into waltet 
carbonic oxide^ and carbonic anhydride : ^ 

Cm^O* - H*0 + CO + CO* 
and a third part into formic acid and carbonic anhydride : 

C*1P0* - CH*0* + CO*. 

Salicylic acid, when quickly heated, is resolved into carbonic anhydride and phenylic 
idcohol ; 

c»n‘o* « CO* + c«n«o. 

OrseUic acid yields carbonic anhydride and orcin : 

G«IPO^ = CO* + C'H"0* 

In some cases, the whole of the oxygen of the organic compound is eliminated in 
the form of water and carbonic anhydride, and hydrocarbons of various composition 
are produced : thus, ^ 

C’H'O* « CO* 4 CH<. 

Acetic acid. Marsh gas. 

C'H‘0* = CO* + C'lr*. 

Ciunarnic acid. Oinnamene. 

Monobasic acids are, for the most part, resolved by dry distillation into 1 molecule 
of carbonic anhydride, together with a hydrocarbon (c. g, acetic, cinnamic, benzoic 
acid, &c.), or into carbonic anhydride and an alcohol (like salicylic acid) ; dibasic acids 
yield 1 molecule of carbonic aiiliydride and a monobasic pyro-acid (oxalic acid yields 

carbonic anhydride and formic acid), or two mol. CO* and a livdrocarbon. sometirnes 

also water (phthalic acid, CMPO*, yields 2CO* and 1 at. benzene, C«IP) ; — and tri- 
bju'iic acids yield either 1 mol carbonic anliydride and n dibasic pyro-acid (citric acid 
yiehls CO* and itaconic acid), or 2 mol CO* and a monobasic acid, or 3 mol, CO* and 
a hydrocarbon. 

iriKl. r tlie influence of strong chemical reagents, tlie decomposition by heat often 
takes a different form. Thus, orgajiic bodies heated with caustic alkalis yield acids as 
t heir chief products of decomposition, formic, oxalic, and carbonic acids bcdiio frcHJiiently 
produced in this manner; monobasic acids healed with lime or baryta yield acetones, 
together with a carbonate of the earth-metal, e, g, 

2C*H*CaO* == r!a*CO* + C*11«0. 

AcetJite of Carbonate Acetone. 

calcium. of culciiiin. 


2C*H»CaO* 

Benzoate of 
calcium. 


^ Ca*CO» 4 C^n’^O. 

Beiizopheuone 


^metimes a more complex decomposition takes place, resulting in the formation of 
(^*^^89) uldehydes, or comjionnds isomeric therewith, e, g. butyral 

In mauj cases, when a considerable quantity of lime or baryta, or an excess of 
nytirate of pofassmm or sodium is present, the whole of the oxygen of the acid is con- 
**Tiea into carbonic anhydride, and a hydrocarbon is given off: 


C*H*KO* 4 KHO 

Acetate of 
potaiaiuni. 

C*H»CaO* 4 CaHO 

Benzoate of 
calcium. 


K-CO* + CH\ 

Marsh gas 

Ca*CO» 4 cm\ 

Bensene. 


«ca constitution are produced ; thus, oleic 

C«H**0» + 2KHO - C‘*H"KO» + C*H>KO* + BP. 

Oloic acldi' Falmitate of Acetate of 

potassium. pq«as»i«ni, 
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Dibasic acids frequently yield monobasic acids, together with carbonic anhydride: 
tlliu, 

C’^H*0^ » CH»0* + CO*. 

Oxalic acid. Formic acid. 

Under the influence of sulphuric acid, phosphoric acid, or chloride of rinc, the 
elements of water are often withdrawn, and a hydrocarbon produced ; thus alcohol, 
C H®0, is resolved into water, H*0, and ethylene, ; and bomeol, C‘®H**0, into 
11*0 and bomeene, 

6 Decom'pomtion ofazotiscd bodies,-^Wc\Qn azotised organic bodies are heated per 
the greater part of their nitrogen is given off in the form of ammonia, a volatile 
organic base, or a cyanogen compound ; sometimes also in part as free nitrogen, and in 
the case of compounds containing nitryl (NO*), as an oxide of nitrogen. A small 
portion of the nitrogen usually remains united with the charcoal, which is left behind 
when all the volatile products have escaped. The following are examples of some of 
the modes of decomposition just mentioned : 

3CH^N*0 « 3NH* + C»H*N*0*. 

Urea. Cyanuric acid. 

C'H'NO’ - CO* + CWN. 

Anihranllic acid. Phenylamlne. 

2C*(NH«)*0* = NH^CN + 2CHN0 + CO + 5IT*0. 

Oxalate of Cyanide of Cyanic 

.’iininuniura. ammouiuin. acid. 


Certain nitrogen-corn ponuds (ammonium-salts), when gradually heated, give off all 
iheir oxygen in the form of water, and are converted into amides, or nitriles. 

C*H»(NH^)0* == N.H*.C*H®0 + H*0. 


Acetate of 
ammonium. 


Acetamide. 


C'n“(NH^)0< = 

Acid puncinafe of 
ammonium. 


N.H.(C<H*0*)'' + 2H*0. 

Succinimide. 


Oxalate of aTniuoniura, C*(N1I')*0^ is resolved in like manner into 2 at. cyanogen 
(C*N*) and 4II’'0 ; formate of ammonium, CH(NH<)0*, into hydrocyanic acid (formo- 
nitrilc), HCN, and 211*0 ; benzoate of araTnonium, C’HXNH*)0*, into cyanide of phenyl 
(benzonitrilo) C’H®N, and 211*0. 

If the nitrogen-compound likewise contains sulphur, this element unites partly with 
the ammonium and ammonium-bases evolved, forming sulphides, pjirtly with carbon 
and the ammonium-hases, forming sulphocyanates of those bases, partly with carbon 
alone, in the form of sulphide of carbon. 

Nitrogen-compounds heated with the hydrates of the alkali-metals, either alone or 
mixed with lime (potash* or soda-lime), generally give off the whole of their nitrogen 
as ammonia; in some cases, however, volatile organic bases are likewise given off. 
Thus, caffeine boiled with potash, gives off inethylamine, and cinchonine heated with 
hydrate of potassium, yields pyrrol, pyridine, picoiine, lutidine, collidine, chinoline 
and lepidine. 

X>ZBffXiFB*A»rX80ZiZC, ^aBNZOXiZC, -BTHOBZCp -MBTHOBZC, and 
*BB0VR03bZC ACZB8* See Sulphurous Exuxbs. 

ZIZTSTRTXi. The name given by Berzelius to the hydrocarbon now called 
JButylcne or Tctrylene, 

BZTBZOXrzO ACZR. See Sulphur, Oxtgen-acids of. 

BZVBBT. Syn. with Biuret (i. 600). 

BZVZ»ZIXVZ or Lihidibi, The husks of Cepsalpinia coriariap Willd., imported from 
South America, in the form of dark brown rolls containing a few flat seeds. 
outer rind of the husk contains a large quantity of tannin, together with ready-formed 
gallic acid; the tannin easily yields pyrogallic acid by disti&tion. (Stenhouse.) 

DOCZnCABT (from doHiftdfkWf to test). A term synonymous with assaying* 

BOBOXiAB. A compound obtained from ddgling train oil, and said Schaziing 
to he analogous to lethal (hydrate of cetyl). 

BOBOliZO AOZB. See the next artide. 

Boao&ZMO nuinr OXB. (Scbsrling, Xpr.Chem.xl!iL 257; Jdimber.A 
Chem. 1847-S| p> 307 .) — ^The oU obtained from the bottle-noeed vWe, BiUut* 
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called “ dogling” in the Fiiroe isles, w^here it is caught. The oil has a specific gravity 
of 0‘868 at 20^0., 0-981 at becomes turbid at 8"^, and deposits a crystalline fat 
at 0°, more abundantly at —8 ', It contains, according to Scharling, 7 9’ 9 p.c. carbon, 
and 13-4 hydrogen, and consists mainly of doeglate of doeglyl, with but a small 
proportion of glycerides, and no iodine. It dissolves in 2 pts. of boiling absolute alcohol, 
and in 22 pts. weak alcohol. When exposed to the air it takes up oxygen, becomes 
lieavier and more viscid, and ultimately dries up. It forms a better fuel for lamps 
than common train oil, and may be freed ftotn offensive odour by leaving it exposed 
to the sun in contact with water, by shaking it up with thin milk of lime, or by dis- 
solving it in boiling alcohol. 

Pocgbng train oil is a mixture of several fats. On leaving it for some time 
exposed to a temperature of — 8^ C., it separates into a liquid oil and a fat which 
inAts Jit 24® C., contains a small quantity of spennaceti, and yields hy saponification 
H turhid soap containing a small quantity of a fatty acid, isomeric or identical with 
eapric acid, When saponified with oxide of lead, it yields ehiefiy a lead-salt 

soluble in ether, Avitli but a small quantity of a lead-salt insoluble therein. 

The lead-salt insoluldc in ether contains a mixture of a body melting at 49® C. 
witli a smaller quantity of a substance which melts at 100® C. wdtliout decompo.sing. 
The lead-salt soluble in ether yields, when decomposed by acids, yellow doeglic acid 
which belongs to the oleic series, is perfectly clear and fluid at C., and 
solidifies a little Hlx)ve 0® C. It reddens litiinis, forms a liquid ethyl-compound, 
C and a crystalline barium-salt, C*"H“BaO', wliich dissolves in boiling 

rtlrohol and does not melt at 100® C. 

Doegling train oil yields by dry distillation a larg<< quantity of a colourless liquid 
which is a inixture of several fatty acids (including volatile acids like butyric acid), 
with numerous hydrocarbons. By treating thi.s liquid with carbonate of sodium and 
water, rectifying it^yr s(\ treating it with potassium, and again rcclifying, a colourit's.'i 
liipiid hydrocarbon, C*'^IP^ is obtained, having a strong aromatic odour, and vapour- 
ih-iisity = 6‘8 (2 voL). According to Scharling, this liydroearbon i.s formed by t he de- 
ctini position of oxide of dot f/ljfl, C'^ir''®0, contained in tlie oil ((7‘H^O - IPO = 2C'*1P*). 

Doegling train oil treated with nitrons acid, assumes u darker colour and solidifies ; 
and the solidified oil may be sepamted l>y alcohol into a reddish-yelhov easily soluble 
substance, and a colourless, crystallisable, less soluble mass, neither of which has been 
examined. 

BOG-TOOTH SPAR. Tlio scalenohedral form of culcspar (i. 722). 

DOIiERXlf. A gneissoid rock in the Alps, consisting of talc and felspar. 

DOBERZTE. A rock nearly allied to l)asalt, and consist ing of a crystallo-gramilar 
mixture of felspar (labradorite) and angite, wdth a small quantity of titaniferous 
magnetic iron ore: it differs from basalt by not contaiiung olivine, and generally also 
by the absence of zeolites. Its structure varies from snmll- and fine-grained to 
compact, seldom coarse-grained. It often eontaiu.s distinct crystals of angite or 
labradorite, or both, and then becomes porphyro’idal ; it likewise acquires an amy gdaloid 
character by the presence of cavities, and is sometimes |)oroiiH. Specific gravity 
~ 2-76 to 2*99. The essential constituents of dolerite are silica, alumina, lime, 
magnesia, ferrous and ffuTic oxide, with small quantities of })otash and soda. Dolerite 
from Iceland, an aly.sed by Auerbach, gave 38T8 per cent, labradorite and 6P32augih‘. 
Dolerite from Meissner, analysed by lieu as er (Pogg. Ann. Ixxxv. 298), gave 47’60 
labradorite and 49’60 angite, and by ultimate analysis 48-00 HiO*, 16 28 AMO®, 
16-5o Pe®0, 9*50 Ca*0, 3’85 Mg®0, 2 01 Na®0, 2-01 K^O, 2-80 water (lo.ss included). 

Dolerite occurs as an eruptive rock in enormous masses, streams, veins, beds, and 
crusts; it generally weathers somewhat easily; it is but slowly attacked by acids, 
A veiy fine formation of coarse-grained dolerite is found at Meissner in Hesse, 
See D’Anbisson {'Praite de Gtognosie, ii. 558, note). — On the dolerites of the 
left bank of the Rhine (Bergeinann, Karsten’s Arcliiv. xxi 3; Kammelsberg’a 
Handw. 4, suppl. 49; .Tahresber. f. Cliem. 1849, 808). — On the dolerite of (Juadaloupe 
(Devi lie, Bull. giSolog. [2] viii. 425; Jahresber. 1851, 862). — Ontlvo dolerites of the 
Siehongebirg (Dochen, Verhardl. d. naturalist. Vereins d. preuss. Rheinl. 1852, 3, 4, 
Ileff, 289); Jahresber. 1852, 949)., — On the products of decomposition of dolerite 
(R. Ludwig, Jahresber. 1861, 831). 

The compact and gramdar varieties of magnesio-calcic carbonato 
(Ca; Mg)*CO*, the crystallised varieties being called Bitter-spar (i 600). The 
following sub-varieties nave been distinguished : 

Iftt, Granular Dolomite^ * 

a. WJnte granular. It occurs massive, and in fine granular distinct concretions, 
loosely aggregated. Lustre gUmmering and pearly. Fracture in the large, imperfect 



Bliity, FMntly trauslucent As hard as fluor-spar. Brittle* Spedflc gravity, 2 * 83 . 
Efrer\resce8 feebly with acids. Phosphorescent on heated iron, or by friction. Its 
constituents are, 46*5 carbonate of magnesium, 62 08 carbonate of calcium, 0*26 oxide 
of manganese, and 0*5 oxide of iron (IGaproth). Beds of dolomite containing tremolite 
occur in the island of Iona, in the mountain-group of St. Gothard, in the Apennines 
and in Curinthia. A beautiful white variety, used by ancient sculptors, is found in 
the IhIo of Toriedos. 

Theflexihlt^. variety was first noticed in the Borghese palace at Romo ; but the othop 
varieties of dolomit-e, and also common granular limestone, may be rendered flexible 
by exposing them in thin and long slabs to a heat of 480® Fahr. for six hours. 

b. Brown DoJomitv^ or magnesian limestone of Tennant. 

Colour, yellowish-grey and yellowish-brown. Mjissivo, and in minute granular 
concretions. Lustre, internally glistening. Fracture, splintery. Translucent on the 
edges. Harder than calcareous spar. Brittle. 8pccillc gravity of crystals, 2-8. It 
dissolves slowly, and witli feeble effervescence; and when calcined, it is long in 
reabsorbing carbonic acid from the air. Its constituents are, lime 29'6, magnesia 
20*3, carbonic acid 47*2, alumina and iron 0-8 (Tennant). In the north of England it 
occurs in beds of considt‘rable thickness and great extent, resting on the Newcastle 
coal formation. In tlie Isle of Man, it occurs in a limestone which rests on greywacko. 
It occurs in trap-rocks in Fiffsliiro. 

To the preceding variety we must refer a fltxihle dolomUe found near Tinmonth 
Castle. It is yellowish -grey, passing into creatn-yellow. Massive. Dull. Fracture 
cartliy. Opaque. Yields readily to the knife. In thin plates, very flexilde. 
Specific gravity, 2*54; but the stone is porous. It dissolves in acids as readily as 
common carbonate of calcium. Its constituents arc said to be 62 carbonate of calcium, 
and 3G carbonate of magnesium. When made moderately dry, it loses its flexibility; 
but when either very moist or very dry, it is vciy flexible. 

‘2nd, Columnar Dolomite. Colour pale grey ish-white. Massive, and in thin prismatic 
concretions. Cleavage imperfl'ct. Fracture uneven. Lustre vitreous, inclining to 
pearly. Breaks into acicular fragments. Feebly translucent. Brittle. Specific 
gravity •2*76. Its constituonls are 61 carbonate of calcium, 47 carbonate of 
magnesium, 1 carbonate of iron. It occurs in serpentine in Russia. 

3rd, Com])aci Dolomite^ or Gurhoffitc. Colour snow-white. Massive. Dull. 
Fracture flat conchoVdal. Slightly translucent on the edges. Semi-hard. Diflicultly 
frangible. Specific gravity 276. When pulverised, it dissolves with effervesei nee 
in hot nitric acid. It consists of 70*6 carbonate of calcium and 29*5 eurbonato 
of magnesium. It occurs in veins in serpentine rocks, near Gurhofi', in Lower 
Austria. U. 

HOMS* A term used in ciystallography to designate a trimetric, monoclinic, or 
triclinic prism, whose faces and edges are parallel to one of the secondaiy axes, in con- 
tradistinction to those which are parallel to the principal axis, the term prism being 
for the most part restricted to these latter. (See Chystallografuy, pp. 115, 151, 
157.) 

SOBKSYBLZTSa Arsmical Coj^er^ Weisskupfererz. — An arsenide of copper, 
Cu®As, found in the district of Copiupo and the province of Coquimbo, in Chili, in 
reniform and botryoidal concretions, also massive and disseminated. Hardness = 3 
to 3-6. Lustre metallic. Colour tin-white, with a slight yelloudsh or iridescent tar- 
nish. Fracture uneven. Melts easily before tho blowpipe, emitting an odour of arsenic. 

Analyses. — a. Copiapo, province of Coquimbo (Domeyko, Ann. Min. [4] iii. 6). — 
h. Cordilleras of Copiapo (Field, Chcm.-Soc, Q.u. J. x. 289). — c. Coquimbo (Field). — 
d, San Antonio mine, Copiapo, mixed with iron pyrites (Domeyko). 
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A similar mineral from Michipicoten Island, Lake Superior, of reddish-white to 
bronze-yellow colour, and specific gravity 7*36 to 7*40, is, according to T. S. Hunt 
‘(Sill. Am. J. XXV. 406), perhaps a mixture of domeykito and nickelin. 

Condurrite (i. 1110), must bo regarded as a product of the decomposition of domeykite. 

HOMZTBa A greyish variety of clinkstone from the Buy de Dome in Auverg|ie» 

SDOlTiLaZA. The name given by Bergemann (Pogg. Ann. Ixxxvii. 608), to an 
BArth which he obtained from the orangite of Brevig in Norway, and supposed at the 
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time to be peculiar ; later inyestigationa, however, by Bergemann himself and by Berlin 
and Bamour, have shown that it is identical with thorina. 

DOPPMMTU. a pitch-like substance occurring in layers in the peat near Ausseo 
in Styria (Haidinger, Wien. Akad. Ber. ii. 287). It is gelatinous, elastic like caout- 
oliouc, brownish-black, translucent on the edges, has but little lustre, is very soft, and 
has tt specific gravity of 1-089. When exposed to the air, it quickly gives off a large 
quantity of water, and splits up into black, highly lustrous, sharp-edged brittle lumps, 
like jet, having a hardness of 2 to 2-6, and specific gravity of 1*466. In this state it 
hums away but el wly when heated, leaving a white ash. It is insoluble in alcohol 
and other, but dissolves almost entirely in caustic potash. According to an analysis by 
Schrdtter (Wien. Akad. Bor. 1849, p. 285), it contains 61*43 carbon, 6*34 hydrogen, 
and 48 03 oxygen ( = 100): according to another analysis by Sehrotter, quoted by 
Kenngott (Handw. d. Chem. 2*«. Aufl. ii. [3] 484), it contains 48*06 per cent, car- 
bon, 4-98 hydrogen, 1*03 nitrogen, and 40*07 oxygen. The fresh substance, at 18° C., 
c.)ntains 68*22 per cent, water, and after being heated to 100° C., 78*5 per cent, water. 

Tlie same substance appears to occur in the peat deposits at the Gonten baths, near 
Apponrcll (v. Tchudi, Wien. Akad. Ber. ii. 274), and in the peat of Bercchtsgarden 
((j umbel, Jahrb. J. Min. v. Leonhard, 1858, p. 278). The substance from Iliignets- 
\yy\ in the Canton of St. Gall, described as dopplcriteby J. Deicke(Berg. v. Iliittenm. 
Zeitg. xvii. 383), does not exhibit the same properties. 

DRACSXmra, BRACXITB, or BRACOXmrxs. See Dragon’s Blood. 

DRACO lUXTZGATirS* An old name of calomel. 

DRACOD. Laurent’s name for Anisol. 

DRACONIC ACZB. Syn. with Anisic Acid (i. 300). 

See DnA.ooii’8 Blood. 

DRACOiriXTB. \ 

DRACONYXia A product of decomposition of dragon’s blood, identical, according 
ti» lllyth and Hofmann, with motastyrol or metacinnainene (i. 982). 

DRACONYZi, or BRAGONTXi, CBXiOBXBE OP. Laurent’s name for a 

jirodiict of the action of chlorine on oil of tarragon (i. 299). 

DRACYD. A product of decomposition of dragon’s blood, identical, according 
to llofmaiin, ^yith toluene or hydride of benzyl (i. 573). 

DRAGOMZTS, BRAGONZTE. Syn. with Hock-crystal. 

DRACONIC AC IB. Syn. with Anisic acid. 

DRAGON’S BZiOOZI. Sanguis Draconis , — A resin, so called on account of its 
rod colour, which exudes from various trees, either spontaneously or from incisions. 
Three kinds are dihlinguishcd in commerce — 1. Indian dragon! s blond, which is 

found on the ri |)0 fruits and leaves of several palms of the genus CalamtiSy viz. C, 
Jiolang, C. petreaus, C. draco. 2. Americany from incisions in IHerocarpus dracOy 
indifienoiis in the West Indies. 3. Canary dragon's blood, from Dracfima draco. Ac- 
cording to Pereira, it occurs, in eommerce, in sticks or in the reed {Sanguis draconis 
in ktcuUsy, in oval masses or drops {in lachrymis)) in powder; in the tear {in 
granis ) ; in lumps {in niassis)\ and in cakes. 

Dragon’s blood is dark red-brown, opaque, tasteless and scentless, brittle, and yields 
by trituration a cinnabar or camine-rod powder. When pure, it dissolves, with fine 
red colour, in alcolwl, also in cthery and in oils both fixed and volatile. Alkalis also 
di.^isolvc it more or less completely. 

Tlie composition of dragon’s blood varies witb its origin ; the several commercial 
yarictios are probably mixtures of different compounds. According to Johnstone, 
(llnl. Trans. 1839, p. 134), the portion of cako dragon’s blood which is soluble 
ni alcohol and ether has the composition C'**H^O\ Herberger (Buchn. Repert. 
xxxvii. 17 ; xL 138) found in 100 pts. of dragon’sblood/w ( 7 ra??? 5 .* 90*7 red, amorphous, 
acid resin, which he designates as draconide, 2*0 fatty matter soluble in ether, 3*0 
**cid, 3*7 phosphate of calcium, and 1*6 oxalate of calcium. 

The alcoholic solution of dragon’s blood forms red or viohit precipitates with metal- 
1C Balts (Herberger). The same turns yellow when mixed with sulphuric or hydro- 
chloric acid, and on addition of water deposits a yellow or reddish compound of the 
acid with the resin. This compound dissolves in a small quantity of water, forming 
a yellow solution, which is reddened by alkalis. Melandri (Braudes’ Archiv. [1828] 
193) regarded the resin combined with sulphuric or hydrochloric acid as an alka- 
oJd, and designated it as draconine, dracenine, or dracine. 

blood is decomposed by nitric add. With acid of specific gravity 1*33 it 
5 Kids oxalic acid ; if the acid has been previously diluted with an equal weight of 
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water, it forms, when' heated with the resin, uitrohenzoic acid, together with a non 
volatile acid. ”** 

Brian’s blood, when gradually heat^ melts and givee off, up to 210® C., a sma]! 
quantity of acid watery distillate containing acetone and benzoic acid ; as the heat 
increases, the resin swells up and gives off carbonic anhydride and carbonic oxide 
while water is formed, and thick white vapours are evolved, which condense in the 
receiver to a reddish black liquid. The oily distillate contains two hydrocarbons 
dracyl and draconyl, the former of wliich, according to Hofmann, is ioentical with 
toluene or hydride of benzyl (i. 673), the latter with motacinnameiio or nietastyrol 
(i, 982). Benzoic acid is also obtained, together with a colourless, mobile, oxygenated 
oil, which is heavier than water, insoluble tlicroin, but soluble in alcohol and ether 
and boils at 200® C. ; with potash, this oil yields benzoic acid and a compound not 
further examined. (Ol^nard and Bondault, Compt. rend xvii. 603 ; xix. 605.) 

Dragon’s blood is used chiefly for colouring varnishes, for preparing gold lacquers 
for tooth tinctures and powders, and for staining marble, to which it imparts a fine 
red colour ; it is also used, though rarely, in medicine. A spurious kind of dragon’s 
Idood is said to bo found in commerce, consisting of a mixture of different resins co« 
loured with saiidarach. 

BRAWZXro SXiATS. Black chalk . — Colour greyish-black. Massive. Lustre 
of the principal fracture, glimmering ; of the cross fracture, dull. Fracture of tho 
former slaty, of the latter fine earthy. Opaque. It wriU^s. Streak same colour, and 
glistening. Very soft^ Sectile. Easily frangible. It adlieres sligljtly to the tongue. 
Eeels fine, but meagre. Specific gruAuty, 2T1. It is infusible. Its constituents aru* 
silica 64-06, alumina 11, carbon 11, water 7*2, iron 2*75. It occurs in beds in primi- 
tive and transition clay-slate, also in secondary formations. It is found in tho coal 
formation of Scotland, and in most countries. It is used in crayon -painting. Tho 
trace of bituminous shale is brownish and irregular ; that of black chalk is regular and 
black. The best kind is found in Spain, Italy, and France. (See Ure*s Bictionarij of 
ArU^ Manufactures^ and Mines^ ii. 57.) 

BRBBZiXTB. Drecitc . — A haryto-ealcic sulphate, occurring in small unmodific'd 
rhombohedral crystals, disseminated on the surface and in the cavities of a quartzose 
rock at Beuujeu, Bep. of the Rhone, also at Badenweiler in Baden. R : R in tlie ter- 
minal edges s= 93® or 94®. Cleavage rhombohedral in traces. Specific gravity 3 2 
to 8*4. Hardness =s 3*6. Lustre pearly ; splendent on tho fractured surfaces. Streak 
and colour white. According to BufrOnoy (Ann. Ch. Fhys. [2 | lx. 102) it contains 
61*73 per cent. Ba'-^SO^ and 14*275 Ca’SO^ agreeing with the formula Ca-SO^.3Ba'‘'S0\ 

OP together with 8*05 carbonate of calcium, 9-71 silica, 2*406 alumina, 1-53 

lime, and 2'31 water. 

BBUPACSKT. Buchner (Repert. xli. 237) gave tliis name to a yellow substance 
deposited from old bitter almond oil. It w'as said to dissolve in acids and to be pre- 
cipitated by bases, and was perhaps benzamide. 

BRTTSBy or Geode, A rounded nodule of stone containing a cavity lined with 
crystals. 

BBT AB A B APT OPS C AACPHORA. The camphor tree of Borneo and Sumatra, 
which yields bomeol and borneene (i. 626). The bomeol or Borneo camphor is a white 
crystalline substance found in cavities of old trees. The borneene is a liquid hydro- 
carbon, isomeric with oil of turpentine, C‘®H*®, which exudes from incisions in the 
younger stems. 

Tho tree likewise contjiins another oil, described by Lallemand, which is obtained 
by boiling the different parts of the tree, cut up into small pieces, with water, and col- 
lecting the oily layer which floats on the surface. It is a viscid reddish oil, haAung 
a strong balsamic odour, and turning the plane of polarisation of a luminous ray to 
the right. It begins to boil at about 180® C. (borneene boils at 166®), but the boding 
point quickly rises to about 265® and then to 300®, at which temperature the whole 
of the volatile portion has passed over, and there remains a resin amounting to about 
half the weight of the original oil. The distilled oil is further resolved by repeated 
fractional distillation (mostly conducted under diminislied pressure) into a more vola- 
tile oil, Ijoiling from 180® to 190® C., and a less volatile oil, boiling at about 260®. 
Both have the composition The crude oil was not found to contain bomeol. 

(Lallemand, Etudes sur la Composition de quelques Essences^ Ann. Oh. Phys. [3]; 
lvii.404. — Qm. xiv. 364.) 

BBnKZS WXWTBRX, or Wintera aromaiica. The bark of this tree, growing 
in Brazil, is said to be the Cortex Winteranusy formerly used as a tonic. It co^ 
trail, according to Henry (J. Pharm. v. 481), in 100 pts. 1*2 volatile oU, 10 bard 
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j^crid resin, 9 extractive matter with a little tannin, 1-6 starch, also woody fibre, 

^^According to more recent investmationa by Weissbecker, Cortex Winterantis is ob- 
tained from Winteranua Candla. h. {fiandla alba, M.), or from some other plant 
nearly related thereto. 

98CBUT. SceJutB. 

DXTCJU'OWBXTIJ. The name given by C. U. Schepard (Sill. Am. J. xxviii. 129) 
to a mineral found in the copper mine near Ducktown, East Tennessee, having a steel- 
irrey colour inclining to bronze, hardness = 6-6, specific gravity = 4-65 to 4 ’66, 
unci containing, according to R. A. Fisher, 30*7 pts. iron and 26*0 copper, together 
with sulphur. According to O. J. Brush, it is a mixture of pyrito, chalkosin, mala- 
chite, quartz, limonite, &c. 

DXrCTXUTT. That property or texture of bodies, which renders it practicable 
to draw them out in length, while^ their thickness is diminished, without any actual 
fracture of their parts. This term is almost exclusively applied to metals. 

The words malleability, laminability, and ductility, though often confounded 
together, and used in a loose indiscriminate way, are really very different. Mal- 
leability is the property of a body which enlarges one or two of its three dimen- 
sious by a blow or pressure very suddenly applied. Laminability belongs to bodies 
cKteiisible in dimension by a gradually applied pressure : and ductility is properly to 
be attributed to such bodies as can be rendered longer and thinner by drawing them 
though a hole of smaller area than the transverse section of the body so drawm. U. 

DXTFBSirXTS. Green Iron ore^ Kr(mrUi\ — A basic ferric phosphate, 2Fe^0®.P®0*, 
or 3/( *0.2/<U*0‘, occurring in indistinct trimetric crystals ( ooP : ooP about 123^), 
with brachydiagonal cleavage, or in spherical, botryoiVlal, or kidney-shaped masses, 
with radiated fibrous structure, and drusy surface. Hardness = 3*5 to 4. Specific 
gravity = 3*2 to 3*4. Lustre silky, weak. Colour dull leok-green or blackish-green, 
changing to yellow and brown on exposure. Streak siskin-green. Subtranilucent. 
M<*lts easily to a slag before the blowjnpe. 

KarstcJi (Arch. f. Bergb. v. ITuttenw. xv. 243) found in a specimen from Siogen 
in Saxony, 27*72 p, c. 63*45 Fo^O®and 8't56 water ; V auquelin (Ann. Ch. Phys. 
XXX. 202 ) found, in a specimen from Haute Vienne, France, 27*85 P^O^ 56*20 Fe^O*, 
(> 76 Mii‘0^, and 9*29 water, whence the formula 2(2 FcdO®P*'0*) + 51PO ; (calc. 28*0 
l’‘0\ 63*1 Fe^0‘, 8*9 water). — From a more recent analysis by Pisaui (Sill. Am. J. 
[2] xxiii. 423), the formula appears to be 2(2Fe^0’.P‘^0*) + 7H'0. 

DUFXtBXOrOYSXTB. A sulpbido of copper and arsenic occurring, together with 
biunite, in the dolomite of the Binnenthal, in the Ober-Wallis, Switzerland. It forms 
timiill mononietric crystals, sometimes with numerous fiices, of dark steel-grey to iron- 
black colour, opaque, and with metallic lustre. ITjirdness = 4*6. Specific gravity 
= 4 6. Heated in a tost-t\ibe, it yields a sublimate of sulphide of arsenic ; when 
roasted, it yields arscnioiis oxide. Before tho blowpipe it gives off arsenical fumes, 
and melts to a black button. With soda, it yields a button of copper. 

Tile composition of this mineral is variously stated. Ulirlaub {KtnngotV 8 Uebers, 
18jC- 1857, p. 173) found in it: 

S As Cu PI) Ag Fe 

27*64 30*06 37*74 2*76 1*23 0*82 « 100*14 ; 

which, when the lead, silver, and iron are replaced by their equivalents in copper, 
•igrees approximately with the formula 3Cu‘S.2As*S* or Cu'As^S® (calc. 29*70 S, 31*03 
As, 39 27 Cu). — Stockar-Eschcr, on the other hand p. 175), found in the 
pure crystals : 

S. As Cu Ag 

32*73 18 98 46*24 1*91 « 99*86 ; 

which agrees nearly with the formula of normal cuprous sulpharsenatc, 3Cu^S.As"S*, or 
Ccu^AsS^ (calc. 32*60 S, 19*10 As, 48*29 Cn). The latter formula is the same as that 
of onargite, and if established for dufrenoysite, would show that cuprous sulpharsenate 
is dimorphous. 

The name dufrenoyaite has sometimes also been applied to binnite (i. 688). 

XIU 1 bOA.MABXir. Wittstcin’s name for a base obtained from the stems of the 
common nightshade, Solanwm Dulcamara, which he regards as peculiar, and represents 
by the formula (Vierteljahresschrift, f. prakt. Fbarm. i. 364, 495). 

BITLoBJUM*. Syn. with Bitteiiswbet (i. 600). 
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DV&Cnr. Syn. with DniCTTli. 

BUXCZXrASr. Syn. with BvLCiTiiN. 

BVXiOXTAXr. Dvlcinan. C®H**0*. {JReti\\e\oi,Chimkorganiqwf(mdUs\u^lM 
SyntUBBy Paris, 1860, ii. 2O7.)--Th0 anhydride of dulcite — H^O), obtained 

by heating dulcite for some time to near 200^ C., or by the decomposition of the dulci- 
tanides. It is a very viscid neutral syrup, which volatilises perceptibly at 120® C., and 
is partially converted into dulcite by prolonged contact with water, or by heating with 
water and baryta-ciystals. It is soluble in water and in absolute alcohol, bpt not in 
ether. The composition of its salts, the dulcitanides, shows Unit it may be Regarded 

as a pentatomic alcohol, 0*, containing 4 atoms of typic hydrogen. 

Bir&CZTAXirXDBS. Cunipounds of dulcitan with acids, analogous to the manni- 
tanides and glycerides. They may bo regiirdod as dulcitan, in which 2 or 4 at. H aro 
replaced by acid radicles, or as compounds of dulcitan minus^-0, with the corresponding 

anhydrides; thus, hutyro-didcitan H* (C^IPO)- j “ C*H*®0\C"II'^0’, 

They are prepared liy Iieating dulcite with acids in sealed tubes, maintaining the 
temperature for some time at 100® C., or more easily by raising it to 200® — 220®. 
The fused mass is mixed with excess of a strong solution of carbonate of sodium and a 
little caustic potash, then repeatedly exhausted with ether; the ethereal solution is 
digested with animal charcoal ; and the filtrate evaporated over the water-bal li. If tho 
residue is still not quite neutral, it must be again treated with carbonate of sixlinm 
and ether. 

Benzodulcitan, C*®IP®0’ ~ II-(CWoVi^*‘ — of 

turpentine, decomposed by boiling with a mixture of alcohol and hydrochloric acid, 
yielding benzoate of ethyl ; by hydrate of calcium into benzoate of calcium, and a mix- 
ture of dulcite and dulcitan. 

Butyrodulcitan, « IP (CTiy)‘^(^^‘ — viscid oil, having a 

bitter and buttery taste; neutral, sparingly soluble in water, easily in absolute alcohol 
and in ether. Boiled with alcohol and hydrochloric acid, it yields dulcitan aud butyric 
other. 

Stearodulcitan. a. Neu&al, C‘^1P®0^ «= H'(C*‘Tpy)’‘' | — Nearly white, crys- 
talline, neutral. Closely resembles monostearin, both in its physical and in its chemi- 
cal characters. 


b. Acid. C^®ir’"0® « | ^7 heating dulcite to 220®C. with 

a large excess of stearic acid. It is white, neutral, and very much like tristeatin. 

BVXiCZ-TA»TABlC ACXS. = jp / ( 0 '.C‘H« 0 *, of 

2(C^H*0‘‘y \ ^ 2H*0. (B 0 r t h 0 1 o t, loc. cit .) — Known only ns a calcium-salt, which 

is obtain^ by heating a mixture of equal paits of dulcite and tartaric acid to 100® — 


120® C. for five hours in an open vessel, triturating the resulting glutinous mass with 
chalk and n little wat^r till it becomes neutral, then filtering, precipitating with 
alcohol, and purifying by repeated solution in water and prc*cipitation with alcohol. 
This salt, dried in vacuo, has tho composition C^TI^^Ca^O'® + 4 aq., and gives off its 
water at 100® C. 


BVXiCZTB. Bidcirif JDtilcosef Mela7npyrit(‘t Melanipyrin. C*II*^0® 

(Laurent, Compt. chim, 1850, p. 364; 18f5l, p. 29.— Jacquelain, ibid. 1851, 
p. 21. — Hiinefeld, J. ^r. Chem. vii. 233 ; ix. 47. — Eichler, Ueber das Mclampyrin, 
Moskau, 1855; Eep. Chim. pure ii. 103.— L. G ilmer, Ann. Ch.Pharm. cxxiii. 372.— 
Erlenmeyer and Wanklyn, Chem. Soc. J. xv. 455.)— A saccharine substance 
similar to and isomeric with mannite. The plant from which it was originally 
obtained is unknown. It was first sent to Paris in 1848 from Madagtiscar, in lumps 
more or loss rounded, crystallised throughout their entire mass, and covered externally 
with earthy particles. It is easily purified by means of boiling water, the filtered 
solution depositing crystals of dulcite, an additional quantity of which separates from 
tho mother-liquor on standing, while a nearly colourless, uncrystallisable syrup 
remains. 

Quite recently Gilmer has shown that mclampyrite, tho saccharin© substance ob- 
tained by Hiinefeld from Mclampyrum nemoroBum. and by Eichler from SoTophuloTi^ 
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io$a find Bhinanthm Crista &cdl% and hitherto regarded as C**/?'*0’*, or 
TreaHy identical in comgpsition and properties with dulcite, a result confirmed, so far 
is the imposition is concerned, by the experiments of Erlenmeyer and Wanklyn. It 
is convenient, however, to retain the name melampyrite, to indicate the origin of the 

^^^Pnparation of Melampyrite,-^ 1. The decoction of the dried lierb of Melampyriim 
nmorosuniy taken at the flowering time, is mixed with milk of lime till it exhibits an 
alkaline reaction, then boiled up, filtered, concentrated to a small bulk, and acidulated 
with hvdrpchloric acid. On cooling and further crystallisation, melampyrite crystallises 
out and may easily be obtained pure by recrystallisation from water (E i c h 1 e r). — 2. The 
driixl herb is boiled with water containing hydrochloric acid ; the decoction is strained, 
mixed with milk of lime till it exhibits a sliglit alkaline reaction, then concentrated, 
wliereupon it deposits succinate of calcium ; and the calcium-conipound of melampyrite, 
wliich passes into the filtrate, is decomposed w'ith hydrochloric acid ; it then deposits 
crystals, which may be purified by recrystallisation (Eichler). — 3. II iinefcld evapo- 
rates the decoction to a syrup, and leaves the mebunpyrite to crystallise out ; removes 
fi-oni the mother-liquors the substane<‘8 precipit:ible by neutral and basic acetate of 
lead, and the excess of lead by sulphydric acid ; and again evaporates. Eichler, instead 
of proct'cding in this manner, precipitates Ibe decoction with neutral acetate of lead, 
boils the filtrate with load-oxide, removes dissolved lead by sulphydric acid, and evapo- 
rates. 

Dulcito (from Madagascar) crystallises in colourless liigldy lustrous 
pTiHins of the nionoclinic system, having their obtuse edges symmetrically truncated, to- 
uetlier with the octahedral and basal cnd-facos. ooP . ooPoo . + P . — P . oP. Inclination 
of aP: GcP = 112°; -HP ; -P = 116° 26'; coP : -t-P = 131° 12' (Laurent). 
Mchiinpyrlte (from Mdampyrum. nenumfsiim) crystallises from moderately 'warm 
;ii|iu*oiis solution in transparent colourle.ss, sliming, nionoclinic jirisins, with octahedral 
taiinniils, the faces of which arc truncated by an orthodiagonal ilomo. ocP. + P. — P . 
t 1*50 . —poo. Inclination of ooP : ceP = 112°; + P : — P = 115° 45'; 

a?: -f r = 131’5° (G i Imer). The crystals from both sources aro usually aggri^- 
^iU('d ill crusts. iJotli arc inodorous, have a slightly sweet taste and neutral reaction, 
jiud arc destitute of optical rotatory power. 

I)ulc'itc dissolves in 31 pts. w'atcr at 16° C. (Gilinor); melampyrite in 25*6 ptS. of 
v.-iitiT at 16° C., easily in boiling water (Eichler); in 29'41 pts. water at 16° C. 
id i liner); in 34*41 pts. at 16-5° C. (Erie n mey or anti Wanklyn). Potli are but 
di,^hlly soluble in alcohol, even at llm boiling heat, in which respect they differ 
isscntially from mannito. Melampyrite is slightly soluble in acetone^ viood-spirit^ 
dilovoforni^ and acetic eihr, 

Dnlcite melts at about 100° C. (Laurent), at 182° (Jacquclain) ; melampyrite 
a1 180° (Eichler), at 180° (Gilmer). 

The ’(Icntity in composition between dulcite and melampyrite is shown by the fol- 
lowing iuialy.ses; — 


Dulcite. Mchtmpyrite. 


G® . 
11'^ . 
0» . 

Cmlculation. 

. 12 
. 14 

. 96 

39*66 

7*69 

52*75 

Laurent. 

39*20 

7*61 

53*19 

Jacquclain. 

39*69 

7-70 

52*61 

Gilmer 

{mean). 

39*6 

7*9 

6'lo 

Erlr-nmcycr 
and Wanklyn. 
39*33 
7*90 
_52*77 

C“n“o* 

112 

100 00 

100*00 

100*00 

100*0 

100*00 


Eichler found in melampyrite 37*79 per cent, carbon and 7*83 hydrogen, whence he 
dodticed the formula [or C®11‘^0® + The substance analysed was 

perhaps not thoroughly dried, 

IkcomposUions. — 1. Dulcite heated to 200° C. gives off water, and is converted into 
dulcitan (p. 318), at 275° C. it decompo.scs and gives off carbonic oxide without much 
celouring, and at higher temperatures gives off large quantities of gas, smelling of acetic 
oeul and acetone, and distils without residue (Laurent, Jacquclain). Melampyrite 
/cgms to decompose at 180° C. (Eichler), at 275° (Gilmer). -2. Dulcite in solution 
js slowly decomposed by chlorine^ yielding an acid, the bariiun-salt of which is soluble, 
not crystallisablc. — 3. Dulcite boiled with nitric acid is converted into mucic, 
oxalic, and racemic acids (Laurent; Curlct, Compt. rend, li, 137; liii. 343). Me- 
.uiipyrite treated in like manner fields mucie and oxalic acids (Eichler, Gilmer); 

tonnation of racemic acid was not observed, probably because the quantity operat^ 
ttpoii Was insufficient (Gilmer). — 4. Fumiriy nitric converts ^ulcite into hox- 
^urodulcito (see below). Melamjiyrite treated with a mixture of nitric md std* 
patric acida also yields a nitro- compound. — 6. Dulcite and melainpyrit(‘ both dissolve 
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in strong sidphuHe acid^ and on heating the solution an acid is formed, which yields ^ 
soluble oarium-salt (Laurent, Eichler).— 6. Melampyrite heated with 
acid in an atmospliere of carbonic acid yields iodide of hexyl, together with 
and free iodine (Erlenmeyer and Wanklyn): ** 

c«ir‘o® + urn = + 6 H*o + i** 

7 . Dulcite is not decomposed by dilute potash ; hut when heated with strong potash- 
ley, it is converted into a thick, syrupy, colourless mass, the solution of which is not 
precipitated by alcohol. — 8. Dulcite heated with hutyric, hengoicy or sUaric acid to 
200® C. is converted, with elimimitioii of water, into compounds called dulcitanides 
(p. 348), analogous to tlie nianuitanides, which are decomposed by water into dulcitan 
and the acid, and by alcohol into dulcitan and the corresponding ether. (Berthe lot,) 

Melampyrite is not decomposed by boiling with dilute acids or alkalis, or by potassio- 
cupric tartrate. It is not altered by boiling with dilute sulphuric acid and acid 
chromate of potassium, and when mixed with potash does not reduce mercuric oxide. 
(Eichler.) 

9. Neither dulcite nor molarapyrite ferments with (Jacquelain, Eichler 
Gilmer). Dulcite loft for some weeks at 40® C. in contact with chalk and 
is resolved, like mannitc, into alcohol, lactic acid, and butyric acid ; in contact 
with testicular tissue^ it forms a peculiar sugar. (Bert helot, Ann. Ch. Phys. [3] i. 348 

872 .) 

Dulcitates. Tliese compounds are formed hy the substitution of metals fora 
portion of the hydrogen in dulcite or melampyrite. Those containing the alkali- and 
alkalino-earth-metals are soluble in water, the lead- and copper-compounds are 
insoluble. The aqueous solution of dulcito or melampyrite does not precipitate metallic 
salts. 

Ammonium-saH, — Melampyrite crystallises unaltered from aqueous ammonia or 
after being heated with it to 120® C. ; but when nitromclampyrito (sec above) is de- 
composed by sulphide of ammonium, or when the barium- or calcium-compound of 
melampyrite is decomposed by cnrl>onate of ammonia, the concentrated filtrate yields 
transparent, colourless, rectangular prisms, which have un alkaline reaction, do not 
give off ammonia at 100® C,, but beeomo carbonised at higher temperatures, with 
loss of ammonia, and without previous fusion, and are decomposed by acids into 
melampyrite and an ammonia-salt. Tlicse crystals are easily soluble in water. 
(Eichler.) 

Barium-compound. C^IP’Ba'-'O* + 811*0 or C*K’‘0*Ba‘0 + 7n*0. — Wlien dulcite 
or melampyrite is heated with water and baryta-crystals, h clear solution is formed, 
which on cooling deposits prismatic crystals. Easily soluble in warm water, loss 
soluble in alcohol, which, however, does not precipitate the aqueous solution. The 
crystals give off 27’4 per cent, water at 170® C., and contain 297 per cent, bjirium, 
agreeing with the formula C®H'^0".Ba‘0 -f- 7 aq., which requires 27’33 water and 
2971 barium (Laurent). According to Eichler, they give off 2673 per cent, water 
at 120® C., and contain 28*6 per cent, barium, whence he deduces the formula 
^12^15(513 2/?flO + 14;^0 (calc. 2678 water and 29* 16 bariurn). It was doubtless 
the same as Laurent’s compound, the two formulae differing indeed only by HQ or 
4H»0. 

Calcium-compound . — Aqueous melampyrite dissolves lime. 

Copper-compound. — Melampyrite boiled with cupric sulphate and potash yields a 
clear blue solution. From aqueous ntelampyrite an ammoniacal solution of cupric 
sulphate throws down a light blue precipitate, which, after washing with weak 
aqueous ammonia, turns green at 100® C., and contains 66*26 per cent, cupric oxide, 
agreeing therefore with the formula which requires 66*49 per cent, 

CuO (Eichler), probably C-H'^'CuO* + H^O. 

Lead-salt. Aqueous solutions of dulcite and melampyrite are not precipitated 
by acetate of lead either neutral or basic. From an ammoniacal solution of the 
neutral acetate, aqueous melampyrite throws do^vn a white precipitate which, 
after drying at 100® C. in a stream of hydrogen, contains 77*68 per Cent. BbOt 
answering to the formula (calc. 77*84 PbQ) (Eichler); probably 

C'»H'«Pb20''.2Pb*0 + aq. 

Potassium-salt.— Warm alcoholic potash dissolves melampyrite, and the solution 
when left to itself dei) 08 it 8 needles which have a caustic aJkaline taste, are easily 
soluble in water, absorb water and carl)onie acid from the air, and are converted into 
a mixture of melampyrite and cjirbonate of potassium. (Eichler.) 

Sodium-salt.— Small flat needles resembling the potassium-salt; but less soluble in 
alcohol (Eichler.) 
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Nitro-derivativca of DiUcitf, 

Ho^iTEODinLOiTB, C*H*N®0»« « C«H*(NO2)®0«.— A aolntion of dulcite in ^ pt«. 
fuming nitric acid is mixed with 10 pts. oil of Titriol, and tlio mixture, which becomes 
turbid, is immediately thrown into a large quantity of water. The semifluid preci- 
pitate solidifies slowly to a buttery mass, which, after wajhiiig with water, may be 
crystaliise.d from alcohol It forms beautiful, colourless, flexible needles, which molt 
between 68° and 72® C., give off nitric acid vapours continuonsly, and are in the end 
wholly converted into tetranitrodiilcite. When heated to 90° C. it is converted, with 
re<mlar emission of red vapours, into n pasty mii.ss, and then into a hard, friable, white 
floul product. (Jleehamp, Compt. rend. li. 257.) 

TmnANiTRonuLciTE, = C«H'«(N0*)^0«.— Hexnitrodulcite is com- 

pleh'ly converted into this compound, without alteration of crystalline form, by the 
M)ont;iiie<>us decomposition which it undergoes, with evolution of nitrous vapours, 
when kept for a month between 30® and 46® C. 

Tel nniitrodiilcitc forms needles harder and less flexible than those of hexniti'o- 
,], lie'll c. and crystallises from alcohol inhoautilul translucent prisms, melts to a pasty . 
jit 130° 0., completely at 140°, and gives off red fumes at 145°.— It is reduced hy 
and forms a non-crystallisuble syrup, probably dulcitan. (B 6 champ, 

Dulclsulphurlc Acid. Mvlampyro-suljihuric acid , — Melampyrito dissolves in 
strong suli'hurit! acid; and the solution diluted with w’ater, saturated with carbouule 
of had, filtered from sulphate of lead, and decomposed by sulphydric acid, then 
filtered from the sulphide of lead and evaporated, yields melampyro-sulphuric acid in 
the form of a syrup which has a faint yellow colour, a sour and bitter taste, and 
carbonises wdieu heated, with evolution of sulphurous anhydride. 

Bariim^salt, Obtained by neutralising the acid with carlmnato of barium and 
evaporating the filtrate at a very gentle heat. In the moist state it is a mass having 
the consistonec of turpentine ; after drying in vacuo, it forms a transparent gum, which 
dissolves in w'ufcr, is |)roc‘ipitatod liy aleoliol, and decomposes at 100® C. According 
to Eichb'r’s analysis, it contains 36*45 per cent, baryta, and 37*79 sulphuric anhydride, 
whence he deduces the formula (calc. 36*26 BaO and 37*86 50*) • 

pmbably Oil' 'Ba*0«.3SO*. ^ ^ ’ 

The ('ulcinm-salt rosernldes the barium-salt, but is not precipitated by alcohol from 
its aqueous solution.^ The solution doea not precipitate acetate of lead, incrciirous 
II i t ra t c, or 11 i trnte of sil ver. (E i c 1 1 1 e r. ) 

Similar results are obtained with dulcite (p, 349). 

DVLCOSE. Syn. with Bulcitk. 

piTMASnf. Byroaceik oil. C“II*®0. — A volatile oil, isomeric with oxide of 
nu sityl, oljtaiiied, together with acetone, by the destructive distillation of acetates. It 
was discovered by Kane (Fogg. Ann. xliv. 494), who assigned to it the formula 
C'V/^O, fui’tlier examined by Ileintz {ibid. Ixviii. 277), who reganled it as identical 
with oxide of mesityl, and afterwards by Kittig (Ann. Ch. Fharm. cx. 21), who 
C'-nfiniM'd Heintz’s formula, but showed that dumasin is not identical, but only 
isonu rii', with oxide of mesityl. 

Dmuasin cannot be completely separated from the acetone wKich accompanies it by 
fiiictional distillation. Heintz obtains it by di.stilling 2 pts. acetate of lead with 
1 pt. lime ; agitates the distillate repeatedly with water, to remove acetone ; dries it 
mrr cliloride ot calcium; then decants, and boils it for some minutes in contact with 

air; distils till the boiling-point, which is 130® C. at first, rises to 200®, a blackish 
tar thou remaining; and again distils, separating the more volatile portion, which is 
pure dumasin. 

I )uuuisin is an oil boiling between 120® and 126® C., lighter than water and insoluble 

leroin, but dissolving in alcohol in all proportions. It forms crystalline compounds 
"iMi the acid sulphites of the alkali-metals, whereby it is distinguished from oxide of 
iiuisityl. The sodium-salt contains, according to Fittig, C®H"NaJSO* + 3 aq. 

trong nitric ^id converts dumasin into oxalic acid ; the dilute acid scarcely acts 
wi>on it. Dumasin distilled with hydrochloric acid and peroxide of manganese yields 
1 .-ro C®II“OPO, heavier than water, boiling between 150° and 

C., not capable of uniting with acid sulpJiitcs of alkali-metals. 

Delcese’s name for a mineral found in the Vosges, in green scales 
rf'ficmbling chlorite, (Dufr6noy, Traite dc Mmiraloyu\ iii. 790.) 

BUMSUXiXiZA. The root called Raiz del BipitzahmCy used in Mexico as a 
P^ative, is obtained according toKamon dela Sagra (Compt. rend. xlii. 878, 



1072) from Dmneritlia Hwmholdtii^ Lees. Tt contiiins a peciiliai* acid called by bim 
riolozic, by Weldt(Aiin. Ch. Pharm. xcv. 188) pipitzahoic acid. ^ ^ 

BYBZirO. The art of dyeing eonaists in fixing upon cloth of various kimlg 
any coloui*s that may be re(|uired, in such a manner that they shall not be ejisilv 
altered by those agents to which the cloth will most probably be exposed. ^ 

The most remarkable general fact in the art of dyeing consists in the different 
degrees of facility with which animal and vegetable substiinces attract and retain 
colouring matter, or rather the degree of facility with which the dyer finds he can 
tinge them with any intended colour. The chief materials of stuff to be dj^ed arc 
wool, silk, cotton, and linen, of which the former two are more easily dyed than tlio 
latter. This lias been usually attributed to their greater attraction to the tingeing 
matter. 

Wool is UHtiirallyso mucli disposed to combine with colouring matter, that it requires 
but little preparation for the immediate processes of dyeing, nothing more being 
required than to cleanse it, by scouring, from a fatly substance, called the yolk, wliieh 
is contained in the fleoec. For this purpose an alkalino liquor is necessaiy^; but at 
alkalis injure the texture of the wool, a very weak solution may be used; if rnorH 
alkali were present tlian is sufficient to convert tlie yolk into sottj^ it would attack tho 
wool itself. Putrid urine is therefore generally used, as being cheap, and containing 
a volatile alkali, wliicli, uniting with the grease, renders it soluble in water. 

Silk, when taken from the cocoon, is covered with a kind of varnish, whicli, l)ec:iii}:!e 
it does not easily yield either to water or alcohol, is usually said to be soluble in 
neither. It is therefore usual to boil the silk with an alkali, to disengage this matter. 
Much care is necessary in this operation, because^ the silk itself is easily corroded or 
discoloured. Fine soup is commonly used, but even this is said to be detrimental; 
and the -white China silk, which is supposed to be prepared without soap, lias a lustro 
superior to tliat of Eurf»pe, Silk loses about one-fourth of its weiglit by being 
deprived of its varnish. (»Soe UnEAciiiKa.) 

The intention of tho previous preparations seems to be of two kinds. The first, to 
render tho st uff or material to be dyed as clear as possible, in order that tlie aqueous 
fluid to bo afterward applied may be imbibed, and its contents adhere to the minute 
internal surfaces. The second is, that the stuff’ may be rendered whiter and more 
capable of reflecting tlie light, and, consequently, enabling tho colouring matter to 
exhibit more brilliant tints. 

Substances which serve to fix colouring matters on vegetable or animal fabrics are 
called mordants. An essential quality of a mordant is, that it be soluble in water; 
the mordants most frequently used are tho solutions of certain metallic salts. 

A mordant acts either by forming an insoluble compound with the colouring matter, 
Vhich compound is precipitated on or within the fibre, or by modifying the surface of 
the fibre in such a manner us to enable it to retain the colour. 

^j.The decoctions of many dye-stuffs, as w'cll as the solutions of the pure colouring 
Matters prepared from them, form wdth certain saline solutions coloured precipitates 
eallod lakes, consisting of the colouring matter combined with the base of the suit. 
Many of these lakes are prepared on the large scale and used as pigments. The salt s 
chiefly used for their preparation are the salts of aluminium and the stannic salts; 
the oxides precipitated from these salts being colourless, the Jakes which they produce 
take exactly the tints of the colouring matters used. Ferric salts are also used 
for the preparation of lakes, but the preeij»itate.s which they fonn differ considerably 
in colour from the colouring matters use»l, being for the most part of duller hue. 

In the aluminic, stannic, and ferric salts, the base and ucid are held together by a 
comparatively feeble affinity, so tliat the precipitation of the base by a colouring 
matter is generally effected without much difficulty. This however depends upon a 
variety of circumstances, among which the nature of the acid is of considerable 
importance; acetate of aluminium or ferric acetate, for example, is much more easily 
decomposed by colouring matters than the corresponding sulphate. Hence a mixture 
of alum with acetate of lead is often used us a mordant. Precipitation is often greatly 
accelerated by heat; many mixtures of metallic solutions with colouring matters, 
which remain clear in the cold, yield pr<*cipitates on boiling. In many cases, how- 
ever, the addition of a precipitant is necessary to produce tho required decomposition; 
thus a solution of alum mixed with certain colouring matters remains clear, but on 
adding an alkali, a precipitate is formed consisting of an alumina lake. 35y this 
moans, lakes may be formed from metallic solutions, whicli w'ould not yield them with 
colouring matters alone, such as salts of magnesia, zinc, lead, and mercury. 

The formation of insoluble lakes is the principal function of the mordants 
dyeing and calico-printing: nevertheless the number of metallic salts that can be used 
at mordants is much smaller than that of the salts wliich are capable of forming lak^ 
because the applicability of any salt at a mordant depends also on the effect wmch the 
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wline soInHon ponces on the fibre to be dyed, and on the behaTiour of the fibre 
saturate with the mordant in the subsequent stages of the process 
Metallic salts arc sometimes separated from their solutions by animal or veffetable 
fibres immersed in them and deposited thereon without decomposition Wool or 
silk immersed m a solution of alum takes up a cotisiderablo quantity of the salt 
without decomposing it, so that the alum may he afterwards disstdved out by 
boiling water, though only ^tcr being treated therewith ten times or more in siie- 
ccssion. Linen and cotton likewise take up alum from its solution, but only in very 
small quantity. ^ ^ 

The direct separation of a salt from its solutions by organic fibre, is however of 
much less importance in dyeing than the decomposition of the salt into an acid and 
u basic salt, and the precipitation of the latter on and witliin the fibre while the former 
remains in solution. Stannic chloride is resolved, by boiling its aqueous solution and 
under other circumstances, acco^ing to the mode of its preparation, into hydrochloric 
acid a^id a precipitate of stannic hydrate. Easily soluble ferrous salts are converted by 
absorption of o^gen, into insoluble basic ferric salts, wliioh also attach themselves to the 
fibre. Alumimum-salts containing weak acids, such as the acetate, are easily converted 
into sparingly soluble basic salts, either by the evaporation of a portion of tlieir acid 
on exposure to the air (m with the acetate), or by precipitation with the aid of heat 
It IS this di.sposition to form basic salts, added to the tendency of tlio bases to unite 
with colouring mattors, that renders the salts of aluminium, tin, and iron so peculiarly 
.nbiptcd for the fixing of colouring matters. Other substances an^ however used is 
mordants, vm. soap, acids, albumin, gluten, tannin, &c. 

It is evident that when a mordant is applied over the whole surface of a fabric and 
tins is afterwards immersed in a dye-bath, it will receive a tint all over its surface * 
but il the mordant is applied only in parts, the colour will be fixed on those parts 
only, llie former process constitutes the art of dyeing, prf_>pe.rly so called; tlie latter 
tlu> art of printing colours on stuflTs, usually caUed oalieo^printiiig. To produce this 
1oj)i(iil fixation of the colour, either the mordant is first applied to tlie entire 
surlaw Iirid then removed m parts bpr tho application of a suitable solvent ; or, more 
fwiuintly, the mordant is iiiixcd with a thickening material, such as gum, starch, 
paste, albuimn, &e and printed on tho parts which are to take the colour ; or thirdly 
tllgcther'in'the clo^r*”^' materials, and colouring matter, are mixed and printed 

cloth has to be submitted to certain preliminary operations before it 
leady for dyeing,— first to fix the mordant on the fibre, and secondly to remove 
Mipeifliious mordant. 1 or fixing tho mordant the chief agent employed is heat, which aa 
alreacy observed, facditatcs the separation of the basetf the moidant from the acid. 
I'n laLw ™llo'l •‘ageing,” which formerly consisted 

iimsd'iS w * / ^ays m a warm room, whereby the acetic acid of thisv 

st ile o? — i' the case of iron mordants, the iron was hronght to thif 

ioint Hcfi T IS now however much more quickly effected by the 

s^rtV ol mil “ moisture, the pieces of calico being passed over and under a 

issue he tem ’ * “SOT?"' '^oom into which a smaU quantity of steam is suffered to 
Ss of s^nT' ** 80° to 100°, or rather more, of Fahrenheit,' by 

thickening matter in tho 

remain wou^e^r^“\“ * important operation, as the excess, if suffered to 
in Printed I^rtion of the dve-stuff, and moreover, 

or uuDrint^^;iie''"c‘'!’i.°" “ ^e dye-bath, spread itself over the ground 

to be*^eft ^ mi ^ surface, and cause it to take up tho colour when it ought 
cither hot or .>s effected sometimes by simple washing in water, 

uniform colour^!?,!’ ‘f especially the case with fabrics which are to receive a 
printed ^ tj*e mordant to be dried before dyeing. For 

dissolved in »“ffice; for the superfluous mordant, aa it 

pattern indfshW It ^ ^ inqircgnate the ground and render the 

St once d^m^ Hence it is necessary to wash the piece with a solution which wiU 

“ ®®'®®tod by various means, viz. 
tlLluiSr^ther ’’y precipitating 

“sed frSaL j^ /he action ofcowdung, which is especiaUy 

silicates «n,i .u b<“ been ascribed to a peculiar acid, also to phosphates, 

feet that the dn^*^ “ *he mere correct view is proved by the 

•alts th/a almost wholly superseded by the solutions of COTtain 

silicitHf and arsenate of soda, and 

of an insolrf^ru^ precipitating the base of the mordant in the fern 

jjtoble salt which will not unite with the colouring matteir or with &e flhre. 

A A 



354 


DYEING, 


The manner in which colouring mattera are fixed on organic fibres by means of 
mordants is well illustrated by the following observations of Walt er Crum (Chem. Soc 
J., vol. xvi. Jan. 1860) on the dyeing of cotton. 

When ripe cotton fibre, which consists of an aggregate of fine cylindrical tubes, is 
immersed in a solution of ferric acetate, a portion of the solution enters the tubes, and 
on subsequent exposure to a warm moist atmosphere, the acetic acid evaporates and 
oxide of iron is deposited within the fibre ; when the cotton thus mordanted is im- 
mersed in a madder bath, a portion of the solution enters the fibre, and the colouring 
matter unites with the oxide of iron. A similar action takes place when acetate of 
alumina is used as the mordant. When the cotton is first immersed in subacetato of 
lead and then exposed to moist warm air, a deposition of oxide of lead takes place 
within the fibre, and on subsequently dipping it in a solution of chromate of potassium 
a yellow deposit of cliromate of lead is obtained. In like manner, by first steeping 
the cotton in a solution of tannin, then, after exposure to the air, in a ferric salt, a 
black precipitate of ferric tannate is formed within the fibre. A piece of dyed cotton 
may, in fact, be described as a set of colourless bags containing coloured substances, 
and in so far resembling the natural colours of flowers. 

Cotton fibr<» in tlu* unripe state, in which it lias the appearance of flattened blades 
but rtmlly consists of flattened tubes with extremely narrow boro, is impervious to 
liquids, and therefore will not tako a dye. Such cotton is called dead cotton. 
White fibres consisting of it may frequently be observed in the middle of the coloured 
portions of printed calicoes. 

Various methods are resorted to for forming precipitates within the fibre. Some- 
times the fibre is first made to absorb tannin, tlien treated witli an acid solution of 
tin; in this manner a precipitate of tannato of tin is formed within the fibre, which 
forms a good mordant for Lima or Brazil woo A Wlien cotton is soaked in a cold 
weak solution of oxycliloride of tin, or better in a mixture of stannous and stannic 
chlorides, and then inunei-sod in basic ferric chloride or nitrate, a large quantity of 
iron is deposited within the fibres, probably as ferric stannato. This mordant, when 
dyed in ferroprussic acid, forms a prussian blue of the greatest richness and bril- 
liancy. 

Some colours fix themselves within the fibre without the aid of mortlants. Blue 
indigo, which is insoluble in water, is converted into soluble white indigo by the action 
of reducing agents, such as ferrous sulphate, orpiment, &c. The solution thus ob- 
tained is alisorbed by the fibre, and accumulates or becomes preeif>itated on or within 
it in the insoluble state ; and on subsequent exposure to the air the white indigo is 
reconverted into blue indigo by oxidation. 

Besides the precipitation whicli ttikes place within the fibre, there is likewise a con- 
siderable quiintity of dye deposited in the interstices between the fibres. This por- 
tion is less flnnly fixed than the former, and is removed by the ])rocess of soaping, to 
^whicU some dyed and printed goods, the madder-purples for instance, are 8ubject(‘(i ; 
but in the numerous class of colours which do not reqmre, and indeed would not beur, 
the soaping process, this external dye is allowed to remain, and contributes grt^atly 
to the richness of the tone ; such is the case with goods dyed with garanciu, the 
indigo-dyo, and all colours fixed by steam. (Crum.) 

Bteam-coloiirs. — This is a style of calico-printing in which one or more mordants are 
mixed with dye-wood decoctions or other coloured solutions, and printed on the cloth, 
and then subjected to the heat of a steam-bath, which causes the mordant to unite 
with the colouring matter and both with the cloth. Superior colours are produced by 
mordanting the cloth finst so as to fix oxide of tin on the fibre. 

Pigment-pri^iting, — In this style of calico-printing, the same pigments may be used 

in oil-painting, and are meehanicHlly fixed to the cloth by a species of cementing. 
The first fixing agent used was a solution of caoutchouc in naphtha, but this was swn 
abandoned, cliiefly on account of the danger of fire which it occasioned. The fixing 
materials now used are albumin^ either of eggs or of blood ; lactarin, which is prepared 
from buttermilk by separating the solid part, purifying it from butter and free aei<i, 
and then drying it ; gluten^ which is the residue of starch-making from wheat-flour by 
the simple washing process, the gluten being afierwards dried at a gentle heat; and 
t-annin. The albumin coagulates readily at the steam-heat; lacturin and gluten 
require a small quantity of alkali to dissolve them : they then coagulate by heat hko 
albumin. 

Formerly but few colours were printed in this manner, chiefly nltramarine blue 
and carbon-drab ; lately, however, Guignet’s chrome-green has been used for 
printing, and likewise the aniline colours, which may be fixed with tannin. (See 
p 867.) 

The various ooloiue t^eh the dyer has to produce are either the primitive colours, 
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red blue, and yellow, or combinations of them. Many of the compound tints may 
however be produced directly by the use of particular dyes — piu'ple, for example, by 
archil, and by some of the aniline dyes. The following is a brief summary of the 
principal methods of producing the various colours. 

Bed. 

Red of various shades is produced by madder and the products obtained from it, 
iraranein, alizarin, flower of madder, &e., with a mordant of acetate of alumina, (See 

is a madder colour. To produce it, the tissue is first heated in a bath 
of oil water, and carbonate of soda (2 parts of the salt to 100 oil), which forms on the 
surface a modified oil capable of acting as a mordant. It is then dried, freed from 
excess of fatty matter by pearlash mordanted in a batli of gall-nuts and alum, then 
iminersedin a* hot bath containing chalk. After this it is dipped in the madder-bath 
for 3 hours, the bath being kept at the boiling heat for the first quarter of an hour 
oulv. It is next washed, again treated with galls and alum, and dipped in a second 
bath of chalk and madder, after wliich it is submitted to the charing operation 
(avivagf^. For this purpose it is first boiled in a bath of soap and pearlash contained 
in a closed vessel, then twice in a bath of soap and protochloride of tin. Lastly it is 
tiirougli a bath of sour bran, and then exposed to the air. (Pelouze and 
L'remy.) 

is produced by cochineal witb a mordant of stannic chloride, obtained by 
treating tin-foil with dilute nitric acid and sal-ammoniac. 

Brazil-nd. — Jlrjizil-wood with an aluminous mordant. It is applied chiefly to silks, 
Init is rather fii-iitive, being destroyed by acids and changed to amaranth by alkalis. 

Lmxlyc is a splendid scarlet imported from India, and prepared from stick lac. 
Htssi’s. Haworth and Brooke of Manchester obtained a superior colour by treating 
,etiek lac with weak ammonia, and mixing this solution with chloride of tin, whereby 
II tine red insoluble matter is precipitated. 

Fur the aniline reds, see page 3d6. 

Blub. 

//aZ/V/c. - This blue dye-stuff is firet converted into white indigo and rendered so- 
luble, i.>y the action of alkalis and reducing agents, such as protosuiphate of iron, orpi- 
meut, glucose, &o. ; the cloth or fibre is then immersed in tlio solution, and afterwards 
exposed to the air, the white indigo being thereby oxidised and converted into blue 
iiidiiio, which thus becomes fixed upon the tissue. To produce w’hite patterns on a 
blue gimind, the pieces are printed before dyeing with what is called a “ reserve," 
tlijit is a composition which prevents the colour from fixing itself on the fibre; tlie 
substance most frequently used for the purpose is sulphat^j of copper, wliich acts by 
prematurely oxidising the indigo. 

liuligo combined in various proportions with sulphuric acid forms Sulplimdigotio 
acid, Indigo-carmine, Saxony hlne, ^c, 

Pniasian lilue, 2\irnbiUUs Blue, &c. — The stuff or fibre is immersed first in a solu- 
tion of an iron-salt, then in a bath of yellow or red prussiate (pp. 227, J^44). In cujico- 
prijiting, the pattern is sometimes printed wdth a mixture of yellow prussiate and tartaric 
Mcid, or sulphuric acid and alum, and exposed to tlio action of a hot steam-bath, by 
this treatment, ferropriissic acid is first set free, and then decomposed by the heat, 
yielding Prussian blue (p. 227). 

Logwood-hliie , — Produced by decoction of logwood on stuffs mordanted W'ith alum 
and cream of tartar. The colour is not very stable. Sometimes a light sky-bluo tint 
is first given with a weak bath of indigo, and the cx)lonr afterw'ards deepened by log. 
wood, and brightened by immersion in a bath of protochloride of tin, alum, and tartar. 

Coal-tar hluea, — 1. Azuline, 1 his fine colour, which was first pi'cparctl by Messrs. 
Guinon, Mamas, and Bonnet of Lyons, is obtained from phenic or carbolic acid by a 
process which is kept secret. When pure it forms copper-bronze crystals, soluble in 
alcoliol, to which it imparts a splendid blue colour, slightly tinged with red. To dye 
silk or wool with this colour, the alcoholic solution is added to an acidulated luke- 
warm bath of water, and the silk or wool is worked in it till it acquires a purple shade 
of a certain depth. It is then transferred to another bath of boiling water strongly 
acid^ated with sulphuric acid, whereby the purple colour is dissolved, and a most 
brilliant and permanent blue is left on the material. Tlie dyed silk or wool is then 
washed repeatedly, passed through a bath containing a little tartaric acid, and dried. 

2. Bleu de Paris is produced from aniline by the action of corrosive sublimate;-— 

3. Bleu de Mulhouse from rosaniline {Maaenta) by the action of reducing agents. 

4. Chinoline blueiu a finelight blue obtained by the action of iodide of amyl on chino- 
line, a base contained in coal-tar naphtha, and also produced by the destructive distiller 

A \ 2 



856 •DYEING. 

tion of cinchomne (1. 869). chinolme l^lue olit^iiixed from the cinchonine base is 
tt fast colour; but unfortunately that obtained from 'Coal-tar •cinchonine is rerv u» 
stable. (Grevi lie Williams.) 

UltramaTine, — This splendid blue colour is not used as a dye, properly so called, but 
only as a pigment in calico printing (p. 354). 

Yellow. 

Weld ^ — A bright yellow dye is produced by wcld^ the colouring matter of Beaeda 
luteola. Cotton to be dyed with it is mordanted with acetate of alumina : silk and 
wool with alum and tarto. 

Fmtic. —There are two distinct yellow dyes known by this name, yiz. oldfuatic^ the 
hois jmine of the French, which is obtained from dyer’s mulberry {Moms tinct(ma\ and 
young fustic^ from the Venetian sumach {Ehita cotinus). The former yields, with 
aliimiBous mordants, a yellow colour, which is durable, but not very bright ; it is used 
chiefly for mixed tints ; the latter yields, with alum or stannic chloride mixed with 
tartar, a beautiful bright yellow dye, much used in calico-printing. It is changed to 
a fine purple by alkalis, and the decoction forma an orange-red precipitate with acetate 
of copper or lead. 

Quercitron. — The decoction of quercitron {Q:ucrcns nigra) produces on cotton and 
wool mordanted with stannic chloride or alum, a yellow colour, which is apt to change 
to a rusty red ; it is also applied as a steam colour, thickened wdth gum-arabic and 
mordanted with alum. 

Chromate of Lead. — The st uff or fibre is iminersed first in a bath of basic acetate of 
load, then, affer washing, in a rather dilute solution of chromate of potassium. The 
yellow colour thus produced is heightened by immersion in dilute acetic acid, whieli 
removes any excess of liasic acotat-<» of lead. Tho neutral acetate and nitrate of lead nro 
also used, and produce at once a fine yellow dye. By immersing the stuff thus dyeil in 
lime water, a basic chromate of load is formed of a fine orange colour (i. 9S4). 

Picric Acid. — This compound, produced by the action of nitric acid on indigo, phenic 
acid, aloes, gum-resins, &c., was first introduced as a yellow dye about six years ago 
by Messrs, (iiiinon, Mamas, and Bonney, silk-dyers of Lyons ; it forms a veiy beautil’nl 
and permanent colour. 

Colottrs intermediate between Bh(-e and Bed : Cuimson, Pink, Cherht-Coi.otie, &c. 

Wool mordanted with alum and cream of tartar maybe dyed crimson by immersion 
in a bath of cochineal cont4.iiiiing a little tartar. For amaranth^ which inclines more 
to blue, the wool is first dyed with logwood mordanted with alum and tartar or eliloriilc 
of tin, and then with cochineal. 

The special dyes for producing these colours are : 

1. Safflower y tlie red colouring matter of the flowers of CariJtamus tinctorius. It is 
ehiefly used for silk, and produces very beautiful but rather fugitive colours. For the 
mode of applying it, see page 808, vol. i. 

2. Madder mordanted with a mixture of acetate of alumina and acetate of ii’on. 

3. Bosaniliney FuchshiPy or Magenta. — Thi.s splendid dye, which has nearly supr- 
seded all others for the production of rose or cherry colour, is obtained from aniline by 
the action of certain oxidising agents, viz. stannic chloride or mercurous nitrate. It is 
an organic base, which forms several definite and beautifully crystallised salts. TJie 
acetate, which is the .salt chiefly used, crystaUise.s in beautiful dark green octaliefiron-s 
having a lustre like the wing-ca-ses of beetles. Silk or wool is dyed with it by simply 
adding some of the colour to a slightly acidulated bath. Its dyeing power is so groat 
that 10 grains will dye 2 square yards of silk, (See Rosanilinb.) 

Boseine is another crimson or rose-coloured dye, produced, though in small quantity, 
in the preparation of aniline purple. It may be prepared by the action of peroxide of 
lead or of manganates on aniline. 

Violets and Purples. — T hese colours may be produced by the successive use of 
logwood and cochineal, the cloth or fibre being first dyed blue with logwood, then 
passed successively through two cochineal baths mordanted with alum and tarhir. 
The special dye-stuffs for producing them are : 

1. Madder y garanciny or alisariny mordanted with dilute iron-liquor. 

2. Archil or Orchil, — This dye-stuff, obtained from various lichens by maceration in 
putrid urine or other alkaline liquors, has long been used for the production of violets, 
manVes, &c., of various shades, but the colours obtained with it were fugitive. It has, 
however, been shown by M. Mamas of Lyons that a fine purple colour, capable of 
mtbstanding tho action of acids and of light, may be obtained by treating the lichens 
with milk of lime, filtering the lime-liqnor, and precipitatii^ tha eolourin^ matter 
tern it with hydrochloric acid, washing the precipitate on a' 
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caustic ammonia, and keeping this ammoniacal liguor at a temperature of 153^ to 
F. for twenty to twenty-Hve days. The colouni^ principles of the lichens then 
fix ammonia and oxygen, and are tronsformed into a new series of products, which 
may he separated from the coloured liquid by chloride of calcium. A fine purple lake 
is then deposited, which, after being washed and dried, is sold as French purple, 
Salts of alumina, tin, &c,, might also be used as prccipitants instead of chloride of 
calciuin. French purple dyes silk and wool more readily than common archil. The 
lake is mixed with an equal quantity of oxalic acid, lioiled with water and filtered oxa- 
I;,te of calcium then remaimitg on the filter, while the colour passes into the filtrate. 
rhia liquid is then added to a slightly ainiiioiiiacal dye-bath, and the silk, wool, or 
cotton mordanted with albumin, or cotton prepared for Turkey-rod, is inimei’sed in* it 
these fabrics then becoming dyed with magnificent fiist shades of purple or mauve. ’ 
Murexide or Homan Purple.— ^Thiu substance, produced by the action of ammonia on 
alloxan, was first used as a dying material for silk and wool by MM. Depoiiilly 
Lauth, Mcister, Petersen, and A. Schlumberger, in 1856. When mixed with corrosive 
sublimate, acetate of sodium, and acetic acid, it produces various sJiades of red and 
purple. For printing, a mixture of murexide with nitrate of lead and acetate of zinc 
properly thickened, is applied to cotton fabrics, which are then left to diy for a day 
or two, when the colour is fixed by passing the fabric through a mixture of corrosii'c 
suhliinate, acetate of sodium, and acetic acid. The uric acid, the raw material whence 
tlie murexide is prepared, is extracted from guano. 

Aloes, the resin obtained from the Aloe »)cotrina, has of late been used by the Frimch 
dyers for producing violets, pinks, maroons, and other shades. 

Anilhe-purplr, or Mauve-di/e (also called Tprian purple, Phenamme, Indisine) — 
This colouring matter, which has to a great extent superseded all other purple dyes 
was discovered by Mr. W. IT. Perkin in 1856. It is prepared by the action of acici 
chromate of potassium on sulphate of aniline. When pure, it is a brittle substance, 
with a bronze-coloured snrfuec, .sparingly soluble in cold water, to which, however it 
imparts a deep purple colour, more soluble in hot water, freely soluble in alcohol and 
in aniline. It is slightly Vaisic, dissolves in strong sulphtune acid, and is precipitabHl 
from Its aqueous solution by alkalis and saline substances. With tannin it forms a 
precipitate insoluble in water, soluble in sulphuric acid. Its colour is not affected by 
Ii;j]it, or by acids or alkalis. To dye silk with it, tlie alcoholic solution of the dye is 
mixed with about eight times its bulk of hfit water acidulated with tartaric? aeidj^aud 
Ihmi poured into the dye-bath, which consi.sts of cold water slightly acidulated • wlien 
il is well mixed, the silk is to be worked in till it is of the required shade. If a bluer 
shade is required, a little sulpbindigotie acid may lie added to the dye-bath, or the 
silk may previously be dyed blue with prussiaii blue or otherwise, and them w'orked in 
Iho dye-bath above mentioned. The same method scrvc's for dyeing silk with violino 
or ros(‘ine. 

io dye wool with aniline-purple, the dye-bath is composed of nothing but a dilute 
aqueous solution of the colouring matter kept at 50° or 60° C. (122° or 140° F.). 
Aculs should be avoided, or only a very small quantity used, as they injure the coloui\ 
Jlic same method is applicable to the dyeing of wool with fueheine, violine, roseiiie. 
and cliinoline colours. 

To dye cotton with aniline purple, so as to resist the action of soap and of light, the 
process has to be modified, so as to form on tlie cotton fibre an insoluble compound of 
the colounng matter with tannin and a metallic base. 

lo effect this, the cotton has to be soaked in a decoction of sumach, galls, or any 
otiier substance nch in tannin, for an hour or two, and tlion passed into a weak solu- 
Tion ot stannate of sodium, and worked in it for alx)ut an hour; it is then wrung out. 
urnecl in a dilute acid liquor, and then rinsed in water. (Cotton thus prepar'd is of a 
P‘j 0 yellow colour, and has a remarkable power of combining with aniline purple, 
ne above process may be modified, as for example, the stainiate of sodium may be 
ppiiecl to the cotton before the tannin, and alum may also be used in the place of 
sraimate of sodium. To dye this prepared cotton with anilinc-purple, it is only neces- 
acidulated solution of the colouring matter ; when thus prepared, 
foMi 1 ^ ^ absorb all the colouring matter of the dye-bath, leaving the water per- 
y colourless. It has been found that cotton thus prepared can be dyed with any 
for matter that forms an insoluble compound with tannin. It is therefore used 
jwng with roseine, violine. firchsine, and chinoline colours. 

colour by mordanting it with a basic 
t>een add^”^ ^<»king it in a hot solution of soap to which aniline-purpk has 

is for dyeing with madder, is also used in dyeing these 
C 0 Hl.f?il simply oiled, and before mopdanted with alum and galls, absorbs 

r colouring- matters with great avidity, producing very fine shades, OiM 
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ootton mordanted with alum and galta also combines rapidly with these colourinif 
matters : but as the colour of the prepared cotton is generally rather yellow, it inter- 
feres 8 ometim 0 |^with the beauty of the result. 

Cotton is sometimes washed with albumin, which is coagulated by the action of 
steam, and the albumin, which covers the cotton, dyed in the usual manner. 

Violine, roseino, fuchsine, and also the chinoline colours, combine with unmordanted 
vegetable fibres as well as aniline-purple. 

Printing of Calico with Aniiinc-purple and otJtcr CoaUiar Colours. — The process 
genenilly employed for printing with the.so colouring matters is simply to mix them 
with albumin or lactariu, print this mixture on the fabric, and then to coagulate the 
albumin or lactarin by the agency of steam. 

Another method is to print tannin upon the fabric previously prepared with stunuHte 
of sodium, and then dye it in a liot dilute acid solution of the colouring matter; by 
this means the parts of the fabric which are covered with tannin arc dyed a dopp 
colour, but the other parte are oiJy slightly coloured. Those are cleared by well- 
known processes. This method of applying those colouring matters is also modi- 
fied by printing a compound of the colouring matter reejuired and tannin on the 
prepared cloth, instead of the tannin only, and then steaming the goods. 

Violine. — This dye-stuif, the solutions of which have a colour rosombling thatof tlie 
field violet, was lii-st obtained by Dr. B. Price. It is produced by oxidising aniline 
with sulphuric acid and pc'roxidc of lead. It is even les.s soluble in water tlian aniline- 
purple, very soluble in alcolioh Its colour is destroyed by reducing agents, but rcstorodon 
exposure to the air. The methods of dyeing with it are the same as for aniline-pnrple. 

Colours inter 77icdiate hdxvcen Blm and Yellow : Greens. 

Green dyes are, for the most part, produced by the combination of yellow and bine 
applied either together or separately. Por the production of a good green tint, it is 
essential that both of tlie primary colours be quite pure, any admixture of red in e.itljpr 
of them causing the green to fipj)ear dull. For dyeing green with a single bath, the 
stuff or fibre is sometimes mordanted with alum and then dipped into a bath of fusth 
mixed with indiefo-cnrrnme. When two baths aroused, the stuff is first dyedbliio, tliPii 
well washed and boiled for three hours in a bntli of fustic mordanted with alum inid 
cream of tartar, mixed wnth a small quantity of Saxony blue (a solution of 1 pt. indigo 
in 6 pts. sulphuric acid). If it be then dipped into n logwood-bath, it acqum*s Hie 
tint called by the French, vert-dragon. Saxong green, which is brighter, is produced 
by dipping the piece iuto a second bath of fustic of greater concentraf ion. 

A very beautiful green colour called Vert- Venus, Vert- Azof, or Vert-Lumicre, is 
produced on silk by a dye imported from China, called Chinese green or Lo-Kao; silks 
thus dyed are especially admired for the beautiful green shades they assume in arti- 
ficial light. Very large quantities of this dye were imported in 18-53 by Messrs. Guinon 
of Lyons. More recently, however, M. Charvin, of Lyons, has obtained the same 
dye from the common buckthorn {lihamnm catharticus). It is remarkable for being 
capable of producing \vith proper reagents all the colours of tlie spectrum. Its use is, 
however, greatly restricted by its want of stability. Moreover, Messrs. Guinon, Mamas, 
and Bonnet, have found that very fine greens, wnich likewise maintain their colour in 
artificial light, may be produced at le.ss cost by first dyeing the silk in prussian blue, 
and then in an acidulated bath of picric acid. 

Chrome-greens consisting of hydrated oxide of chromium are now much used as 
, pigments in calico-printing: for their preparation see vol. i. p. 960. They likewise 
.^aintain their colour in artificial light. 

‘AWdine-green, or Emeraldine. — Aniline treated with hydrochloric acid and chlorate 
' /j^.|>otassium, or a salt of aniline treated with sesquichlorido of iron, yields a green 
impound, the existence of which has long been known to chemists. All attempts to 
dytft silk or wool wdth it liave hitherto failed ; but it may be produced on cotton labrios 
by printing with acid liydroclilorate of aniline on a fabric prepared with chlorate of 
potassium. A beautiful briglit green then gradually appears, and only requires to be 
washed. If the green fabric is passed through a solution of acid chromate of potas- 
sium, this colour is transformed into a dark indigo-blue, called azurinc. (Calvert.) 

Colours composed of Red, Blue, and Yellow : Browns, Greys, and Blacks. 

Bromexs produced on wool bv immersion in a bath of weld, fustic, alum, and tartar, 
in which it is boiled for three hours ; it is then left, in a cellar for six days, washooi 
dipped in a batli of weld and madder, again washed and dipped in a blue bath. 

For olive, the wool is first dyed blue, then boiled for four hours in a bath of alum, 
sumach, fustic, soot, and logwood, then taken out and redipped after addition of a small 
quantity of copperas. Simuar processes yield ‘ ’ -t* - m 

which yellow 18 the predominating colour. 
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Uaroov, whicli red predominates, is obtained by boiling? the Fluff for three hours 
. ^ \)ath of weld and fustic mordanted with alum and tartar, then leaving it in the 
*?llar for a week, washing, boiling it for a short time in a madder-bath, and lastly 
hi ding it in a blue-hath. To obtain a darker colonr, the stuff, after Icaij^g the inadder- 
Ivitli is boiled for two hours with logwood, sumach, and copperas. Similar processes 
'iro lulopte^l for einnamon and other bromis. 

Brovin Maroon is produced by dipping the stuff for three hours in a bath of gall- 
niitH. snndal-wood, Brazil-wood, and madder, then adding logwood and copperas. 

Black is produced by a mixture of indigo, various yellow dyes, and the tannin of 
orall-nuts or sumach, sulphates and acetates of iron and copper, cream of tartar, &c. 

° The black called in France noir de svdan^ which is one of the finest and most 
(liirahle, is given to wool by first dyeing it blue with indigo, then, after careful wash- 
itiir (lipping it for three hours in a bath of sumach and logwood, at 80° or 90° C. ; then 
Inking it out, adding to the bath 335 grammes of protosulphatc of iron for each metre 
of stuff, redipping for an hour at 38° 0., and repeating this process three times. A 
yory fine black is lik(.‘wdse obtained by dyeing the wool with logwood and iron, and 
then dipping it in a weak solution of bichromate of potash at 40° or 60° C. 

Silk is dyed black with protosalts of iron and the tannin of gall-nuts, or, more 
cle aply, of chestnuts. The silk is first dipped in the tannin-bath, whence it issues with 
II colour of iiank(‘en yellow, then washed, and dipped in a bath of protosulphate of 
iron at 90° C. J'yi'olignite of iron is likewise used, and iron filings and sulphate of 
copper are add(*d to the bath, together with a small quantity of basic acetate of lead, to 
t;iko up the sulphuric acid set free by the decompiosition of the ferrous and cupric 
eiilpliatcs. Cum and dextrin are likewise added to give the liciuid the rwpiisite con- 
sist cnt'c. The silk, as it issues from the bath, has a rusty colour, which, however, 
POOR turns black on exposure to the air. 

(Cotton and linen may be dyed black in the same manner as wool. A very black 
dye is also produced by dipping them first in a bath of galls and logwood, then in 
pyrolignito of iron at 90° (y. 

Gmjs of various shades are obtained in like manner by, reducing the proportions of 
gnll-nuts, logwood, pyrolignite, &c. An alumina mordant is generally added to give a 
violet tint. 

A variety of hroicn and grcif tints are also produced by the fixation on the stuff of 
mchillic oxides, such as tlu^ oxides of iron and manganese. 

(.'(itichn-hhick on siJk. The silks aro passed into a solution of fi'rric salt, then into 
a hot soap-solution containing an ext’css of soap, whence they are passed into a slightly 
:!■ ill bath of yellow yunissiate. Wlioii thus dyed prussian blue, they are dipped info a 
solution of ferric sail, of specific gravity 1*15, the object of which is to give an iron 
ui -rdant to the silk. They arcs then thoronglily washed and passed into a bath of 
catorlin, fororganzinc at 203°, for tram at 172° F., tlje silksbeing w'orki'diii tin’s luitli 
until it is eoM, so as tliorougbly to saturate tlie iron mordant AviMi the colouring prin- 
ciple of cat^eeliii, and thus produce a black. They are then 'wrung on the ])(‘g. and ex- 
posed to the air for 24 hours, after which they are passed into a soap solution at 5f)° ' 
v.i-shed thoroughly; and the organzine is then dipped into a l»nth of weak ae(_‘tic ac-id, 
fin* tram into a solution of weak liydnxddoric acid. Finally, the silks are passecl 
flirougli an emulsion of oil, ■well worked on the peg, and left to di*}". These last (^p(*ra- 
tii'iis are intended to remove, by means of the fatty matters, the harshness wbich the 
would otherwise possess. 

< ':it('elni is capable of yielding a great variety of colours. It eontaln.s two distinct 
[’!• iiriplos, catvchxi’-Umnlc acid^ and catcchin^ the former of which yifOds various shades 
of dral), while the latter yields, with metallic salts, salmon, red, and w'ood colours. , 

For further details, see the articles Dyeing and Caijco-pbinting in Urds 
<\f Arts, Marxnfacturcs, a^id Mines^ and in Musprutfs Chemistry. Persoz, IVitU 
ihmriqm H pratique, de V Impression dcs TkssiiSj tomes 4, 8vo. Paris, 1846. Pe- 
louze et Fremy, TraiU de Chimie ghdrale. Par. 1866, tom. v. pp. 658-695. W. H, 
be r kin, On Colouring Matters derived from Coal-tar, Chom. Soc. J. xiv. 230. F. C, 
Calvert, On Improvements and Progress in Dyeing and Calico-printing since 186L 
Manchester and Ix>ndon. 

BYHSNTXiISS. Ldwig’s name for the organic radicles 

BYOTBmss. Lowig’s name for the radicles 

BYOXYXiXTB. Syn. with Lanabkiiti. 

BYSCZiAZXTB. Syn. with Okenitb. 

BYBBOliXTB. Syn. with Saussuriti. 



BYSft irZTlI. (Zn ;Fe ;Mn) ( Al* Fe*)0* — A rariety of spinel, ocmring imbedded 
in the limestone of New Jersey. It forms octahedral ciystals of a yellowish and 
greyish brown colour, glassy lustre, opaque. Hardness *=» 4*6 ; specific gravity 
4*65. With borax before the blowpipe, it melts to a dark garnet-red glass. (Thomson, 
Eammelsberg.) See Spiitel. 

]>YSBTSZXBr« C*^IP®0®. (Berzelius, Ann. Ch. Pharm. xxxiii. 139; xliii. 1.-. 
Thoyer and Schlosser, ihid. 1. 235 .— Strecker, thtd. Ivii. 22.)— A product of tho 
decomposition of choloi'dic or cholalic acid, produced when either of these acids is 
heated to 300° C., or treated for some time with hydrochloric or dilute sulphuric acid 

C*‘H^*0* - 211*0 « — H*0. 

Cholalic Dyslysin. Choloidlc 

acid. acid. 

The best mode of preparing it is to boil ox-bile freed from fats and colouring matters 
with hydrochloric acid for 12 to 24 hours; wash the hard, friable, resinous mass wliich 
separates, with water; then boil it repeatedly with alcohol to remove admixed choloidic 
acid ; dissolve the residue in ether; and either evaporate the ether, which then leaves 
the dyslysin as a yellowish or brownish mass, or, better, precipitate the ethereal solution 
with alcoliol, which throws it down with less colour. 

Dyslysin is an amorphous substance, doubtless colourless when quite pure, but 
generally yellowish ; melts when heated above 140° C. It is insoluble in water, acids, 
potash-ley, and alcohol (hence the name), but soluble in ether. Alcoholic potash con- 
verts it into choloidic acid. 

BYSXiYTS. See Eulyte. 

BYSXiYTXTE. A browii-black powder, obtained as a residue from many masses 
of meteoric iron when they are dissolved in hydrochloric acid. It amounts to between 
0*25 and 2*25 per ceuh of the entire mass, and is supposed to bo a phosphide of iron, 
nickel, and magnesium. (Shepard, Sill. Am. J. [2] ii. 380.) 

BYSirXTS, or BYSSXrXTB. Syn. with Rhodonite. 

BYSOBXB. HouiUc faytyracke^ Terre hitxirirCtne'use feuillrUe^ Terre foliense hitu^ 
ininnm de MelillL StinkkoMey hVdttcrige Stmkrrde, A soft, finely laminated sub- 
stance, occurring at Melilli in Sicily, of greenish and yellowish grey colour, and 
specific gravity 1*14 to 1*2*5. It burns with flame and an unpleasant odour, leaving a 
friable skeleton (Handw. d. Chem. 2**. Aufl. ii. [3] 636). 

BYSTOMXTfi. Syn. with Dxthoijtb. 

BYSXBTMBXTB. (Shepard, Sill. Am. J. [2] xii. 209.— Smith and Brush, 
ibid. xvi. 60.) — A rock occurring at Diana and other places in St. Lawrence County, 
New York. It is massive, slaty, and tough, and has the aspect of serpentine. Hard- 
ness® 3 to 3*6 ; specific gravity 276 to 2-81. Colour, green, yellow, and grey, some- 
times mottled with red. Its composition varies widely, but it consists mainly of silica 
and alumina, with water and several protoxides in variable proportions ; so that it must 
be regarded as a mixture. The following analyses are by Smith and Brush : — 


SiO* 

ADO* 

Fe'O* 

Ca*0 

Mg*0 

K»0 

Na'’0 

H*0 

Mn*0 


44*80 

34- 

3-01 

0-66 

0-42 

6 87 

3-60 

6-38 

0*30 *= 

99*94 

46-70 

31*01 

3-69 

trace 

0-50 

11-68 

trace 

6-30 

. . *= 

98-88 

44-94 

26-05 

3-33 

8-44 

6-86 

6*80 

trace 

6*16 

. . ® 

100-67 


Before the blowpipe it splits into thin splinters, and melts to a white mass, havjig 
the aspect of porcelain. 


E 

XIABTB8. This name is applied to the oxides of the metals, barium, strontium, 
calcium, magnesium, glucinum, aluminiuin, zirconium, yttrium, and thoriuum. The 
earlier chemists distinguished lime and magnesia, by the appellation of Terra 
bente^, from the earths in a more limited sense ; to these absorbent or alkaline earths, 
Wyta, discovered in 1774 by Scheele, and strontia, discovered later, i^eTe 
added, Bwyta, strontia, and lime, being soluble in water, and possessing strong alkaline 
and caustic properties, are sometimes designated earthy alkalis^ e.g* by Gmelin in nis 
Handbook ; out the term alkaline earths is more genei^lly adopted. Magnesia le 
osiially classed among the earths proper. Silica Was formerly numbeJicd among tne 
earths ; but it is now regarded as an acid (or rather anhydride). 
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aA*TBT OOBAiT. I gee Wai>. 

UAllTHY MAKOAlflr»SlJ.j 

jjaU D» COliOOWU. KGlnischea perfume consisting of a solution 

of essential oils in alcoboL Numerous recipes have been given ror its prepara- 
tion. One of the best, according to Forster, is to dissolve in 6 quarts of spirit of 82 
T)or cent. Tralles, the following mixture of oils : Oil of orange^ hergaMot^ leftnon^ linxette 
iCitrvs Lwm(i), €Ssphc 6 dfi pctits gToinSf each 1 oz, ; oIcum de Ctfroy da C^drdt^ pssenco 
dp Mugal, d(^ Neroli, each ^ oz. ; oil of roseniarv, J oz. ; oil of thyme, J oz. (Handw. 
d. Cliem. iv. 428 ; see also Urds Dictionarg of Arts, Manufactures, and Mines,, art 
f>EBFCMBBY, hi. 428.) 

BAir BIS JAVBIilia. A solution of hypochlorite of sodium. (See Hypo- 
chlorites.) 

bait BS Birca. Aqua Lucies, — ^A milky mixture of rectified oil of amber with 
iilcohol and ammonia. 

SBBAirnr. Syn. with Pyroxanthin. 

EBONXTB. Caoutchouc hardened by kneading or rolling with half its weight of 
snlpliiir. (See Caoutchouc, i. 740.) 

EBONY. Tlie black heart-wood of Biospyros Khenmn, a tree of the styraceous 
order, indigenous in Ceylon, Madagascar, the Mauritius, and many other tropiciil 
njuntries. It is very hard, heavier than water, and takes a fine polish. It has a 
biting taste, and gives off an aromatic odour when burnt. According to Petersen and 
Scliddler, it contains, when di-ied at 100*^ C., 49*8 per cent, carbon, 6-3 hydrogen, and 
44*9 oxygon. 

SBUEIiXOSGOPB. Ebullition Alcoholonuter. — An instrument for determining the 
strength of hydrated alcohol by its boiling point. (8ee Alcohol, i. 95 ; also Urds 
Dictionary of Arts, Manufactures, and Mines, ii. 72.) 

EBUEEITZON. See Heat. 

BCOONZNE. Ekgonine (from Uyovos, offshoot). C‘»H>«NO*.~.A base obtained 
ly the decomposition of cocaiii under the influence of hydrochloric acid: 

• C'«p«NO^ + H^O = C»H'«NO» + C'H«0». 

Cocaiii. Kegonine. Benzoic 

acid. 

It is most readily obtained by heating cocain with hydrochloric acid to 100® C. in a 
fipaled tube. It is soluble in water. Its platinum-salt crystallises in orange-yellow 
prisms. (Wohler, Ann. Ch. Pharm. exxi. 372.) ® 

BCHZNZTBS. Fossil radiate animals found in the chalk. 

BCLOaZTE. Smaragditc-rock, Omphazite-rock,-^k crystallo-granular rock con- 
sisting essentially of red garnet and green smaragdite, sometimes also containing kva- 
iiitc and white mica. ® ^ 

EDDOES. {^Arum esculentum.)—k plant cultivated for food in most tropical 
Hprapath (Chem. Soo. Qu. J. iii. 196), the fresh roots 
yi(‘kl r647 per cent, ash, containing in 100 pts. : 


Matter soluble in water : 

K*0 NaCl SO* CO* 

p205 




Total. 

38-9 7-0 3-3 10-4 

Matter insoluble in water : 

41 . 

• 

• • 

« • 

. 63-7 

Ca*0 Mg*0 A1‘0* Fe‘0* 

SO* 

SiO« 

CO* 

P*0» 


16'7 trace trace I’O 

11 

6*2 

3*6 

9*8 

. 363 

100-0 


Fwm these re^to Herapath concludes that eddoes eihausts the soil of phosphoric 
• w and alkalis more than the Spanish potato or batatas (i. 620), but less thim the 
Lonimon potato. 

fnt**?^^A**?*®*^®* A silicate of calcium, 2Ca*0.3Si0*, or Ca^SPO* 

nu at Aedelforss ^ Srafiland, Sweden, Cziklowa in the Bannat, and Gjelleback in 
orway. It. is massivft. Abmua or featheiy, white or greyish, with vitreous lustre and 
» 2'68. Hardness = 6*5. Melts to a clear glass 
er, Kongl. Votensk. Acad. Handl. 1823, p. 177; 1838, 


[ranspafent. Specific gravity 

pm )*** (Hisi “ g 
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The sajne name is given hy Hetzins {JOissert. de T}rem, Norweg. et rcolo rnhro 
Aedelforss, Lunda*, 1818) to the red zeolite of Aedelforss, which occurs there in fibrous 
aggregations, white, light gi’ey, or reddish, translucent on the edges, and with a vitreous 
lusfw. Specific gravity — 2*6. Hardness = 6. According to Retzius, it coutaina 
60*28 percent. aiO*, 15*42 AW*. 8*18 Ca-O, 4*16 Fe'O*. 0*42 Mg'^0 and MnW, and 
11*07 water. A similar mineral from Fahlun in Sweden was found by HisineW 
contain 60*0 SiO*, 16*6 Al^O* 1*8 FeW, 8*0 Ca'-^O, and 11*6 water (=» 97‘0), while he 
obtained from the Aedelforss zeolite 63*76 SiO®, 1817 Al^O*, 4*02 Fe^O*, 10*90 CVO 
and 11*23 H®0 (= 98*38). (Dana, ii. 307.) * 

Sl>lSXrXTS. Prehnite from Aedelforss in Sweden. 

SDSXrZTB. Orammatite from Edenville, Orange County, New York, 

XSBZXTGTOXI'ITE. A mineral occiii-ring on the Kilpatrick Hills, near Glasgow 
in sniall crystals belonging to the dinietric or quadratic system. The crystals 
Fcpiare prisms, acuminated witli the faces of a quadratic octahedron. Colour greyish 
white. Hardness — 40 to 4*5. Specific gravity 2*694. According to lied die’ a 
analysis (Phil. Mag. [4] ix. 179), it contains 36*98 SiO®, 22*63 APO®, 26*84 Ba*0, 
12*46 water, witli traces of soda and lime (total 98*91), whence may be dodueod 
the formula 3fla®0.2Si0® + 4(APO*2SiO®) + 12H®0, which is equivalent to 
(Ba'*fr/®*H‘®)Si'"0 '* + 7 aq., and reducible to R^SiO^ + 7 aq., the formula of an ortho- 
silicate. 

SBVCT. This term is applied to a body separated by the decomposition ofanotlicr 
in which it previously existed as such, in contradistinction to product, which 
denotes a compound not previously existing, but formed during the decomposition. 
Tlio volatile oil of lemon-peel is an educt, because it pre-exists in the peel; but bitter 
jilmond oil is a product, b<*causo it does not exist ready formed in bitter almonds, but 
is produced by the action of emulsin and water on amygdalin. In many cases, liow- 
cver, the. same substance may be regarded as an educt or a.s a product, according to 
the view ’w*liich is taken of the con.stitntion of t.ie body from which it is derived. Thus 
the lime and carbonic anhydride obtained l)y heating chalk to redness, are educts, if 
the chalk be regarded as Ca®O.CO®, products if it be regarded as Ca®.CO®, or (C0)".Ca® 0, 
&c. Similarly the ammonia evolved by Iieatiiig sal-ammoniac with lime is an educt, 
if tliat salt is composed of NH*.HCJ, but a product if its coipposition is that ex- 
pressed by tlie formula NH^Cl. Even the elementary bodies, as evolved from tiieir 
compounds, may be regarded as prodiiels, if, as explained in tlie artitde CiiEMieAi, 
Affinity (i. 858), wo suppose a molecule of a free clement to be formed by the 
union of two elementary atoms in opposite ^wlar states ; as for example, when hydrogen 

“• 4 * ■“ + 

is evolved by the action of hydrochloric acid on hydride of copper: Cu®H + HCl « 
— + -t — 

Cu’Cl + HIT, or when sulphur is precipitated by tlie mutual action of sulphurous 

+ — 4.— -u 4... 

anhydride and sidphydric acid : 2H®S + SO® = 211-0 + SS®. 

SDlTXiCOBikTZOXSr. A term applied to Avashing, or lixiviation, in cases when 
the soluble matter is rejected as worthless, and the insoluble residue is the material 
required. 

EBWAZtOSZTE. See Monazite. 

EFBEItVSSCSM'CE is the commotion produced in liquids by some part of the 
mass suddenly taking tho gaseous fonn and escaping in numerous bubbles. 

EFFZiORESCEXrCfi. This term is applied to two or three different phenomen<a, 
characterised by the formation of a loose pulverulent deposit on the surface of a solid 
body. 

1. Crystallised salts are said to efflorcsee when they lose their water of crystallisation 
and fall to powder: e. g. neutral carbonate of sodium, Na®CO* + 6 aq. 

2. The formation of a pulvenilent crystalline depo.sit on the surfiice of a porous body, 
in consequence of the cry-stalliaation of a salt existing in solution within its pores, or 
formed from materials existing therein, is also called efflorescence: e, g, the crystal- 
lisation of nitrate of potassium on the surface of the earth or in caves, as in India, or 
on saltpetre phintations, — of sulphate and carbonate of sodium on walls, — of alum on 
alum-slate, — of ferrous sulphate on iron pyrites, &c. In all those cases, the solution of 
tlie salt is drawn by capillaiy action to the surface of the solid body, and there crys- 
tallis<vs in consequence of the evaporation of tho water. 

3. The term efflorescence is likewise applied to the efifect which sometimes takes 
place when a saline solution is left to evaporate slowly in an open vessel. The solid 
salt separates in dendritic crystals just where the surface of the liquid touches the side 
of the VCS.S 0 I, and the solution, rising by capillarity between those ciystals, forms a 
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fresh oyst^isation just above the first layer; and this process is continually repeated 
till the crystJillisation thus formed extends over the edge of the vessel, and sometimes 
down to the table on which it stands. Sal-ammoniac and other ammonia-salts often 
( fllorc’sco in this manner. The effect may be prevented to a certain extent by greasing 
the edge of the vessel, or, bettor, by quickly boiling the solution, or .evaporating it by 
heat from above. 

EGSUAXH'- Syn. with Idocrasb. 

egg. <Prout, Phil. Trans. 1822, p. 377. — Provost andDumns, Ann. d.Sc.nat. iv. 
47.-rr(5vost and Morin, Lehmann's Zoochemie, Heidelberg, 1868, p. 693.— Baudri- 
mont and St. Ange, .Compt. rend. xvii. 1343.— Gob ley, Cornpt. rend. xxi. 766.— 
J. Phys. Chiin. [3] xi. 409 ; xii. 613.— V alenciennos and Fr^my, J. Pharni. [3]xxW. 

i5. ."21, 415 ; 7’ra//!e de Chimie ghnhale par Ihhmzc et Fremy, 2™® Ed. 1867, vi. 227. 

Lehmann, Lrhrbiwh d. physiol. Chimie^ transl.ited by Dr. i).iy, ii. 363 ; iii. 439 ; also 
in G me/ in's Handbuch, viii. 282, 646, 657, 658, and 693.— Handw. d. Cliem. 2‘® Aufl. 
ii. [3 1 312, 554, 652.) 

The egp:H of birds consist of four parts, viz. 1. The shell, which is a hard calcareous 
envelope; 2. A thin moinbrane, called the memhranapuiaminis^ which lines the shell; 
3. 'rh(‘ wliite, or albumen, which is a colour]o.ss liquid enclosed in large cells formed 
of a thin membrane; and 4. The yolk orvitellum surrounded by the albumen, and 
likewise enclosed in a membrano, which is connected with that which forms the cells 
of the albumen l)y two knotted ligaments called cluxlazm. 

The shell consists mainly of carbonate of calcium, with smaller quantities of phosphate 
of calcium and animal matter. In the egg-shells of the domestic fowl, Vauquelin and 
Proust found, 

. Vanqtielln. Proust. 

Carbonate of calcium 89-6 91 

Phosphate of calcium, "irith a little phospliate of 

magnesium 5*7 7 

Animal matter containing sulphur . . .4*7 2 

looo Too 

The egg-shell of the ostrich contains, according to Wickc, 3*28 p. c. organic matter 
am] 97‘11 carbonate of calcium. 

Tiie lining moml)rane of the shell of poultry eggs contains, according to Scherer, 
oU7 p. c. carbon, 0*6 hydrogen, 16-8 nitrogen, and ’26-0 oxygem and sulphur. When 
incinerated, it leaves a small quantity of ash consisting cJiielly of phosphate of calcium. 

Tlie M'hito or albumen of the egg is not a mere solution of albumin or albuminate of 
hodiuni in water. When cxamiiu'd by tlio microscope, it exhibits, besides tlie chalazm 
and tho nniorphons cellular membranes, a number of sinull bodies with throe projectin'^ 
points, or aggn'gatcs of .small needles, consisting of fat. The cellular mombr.Miie is that 
which gives the gelatinous consistence to whilt) of egg. When tlie wliitc is beaten up 
wldi \va1<-‘r, ami tlui intimate mixturo tbiis formed is diluted witli a large quantity of 
W:iter, the cliahiine and membranes separate as a flocculent sediment. 

Jieliiiiaiiii found in white of egg, in addition to albumin, a small quantity of fat, 
pliicosc, extractive matter, minora 1 salts, and free gases. Nickles found a 
trace of fluorine. In the fresh white of poultry eggs, Lehmann found carbonates in 
varialdo quantity, depending perhaps on the time for which tho eggs had been exposed 
to the air. Tlie quantity of water in the albumen varies from 82 to 88 p. c. ; tho 
quantity of albumin, mostly in combination with soda, is about r2'5 p. c, of the fresh 
allMinicn ; that of the extractive matters is 3T4 p. c. of tlie solid residue. The pro- 
portion of inorganic salts is 0 64 to 0-68 (Lehmann), 0*65 (Pol eck). The dried 
residue of the albumen yields 3*042 p. c. fusible ash (Lehmann). In the dried 
albumen of poultry eggs, Lehmann found, as an average of numerous determinations, 
9’5 p. c. fermentable sugar. G. Meissner found a much larger quantity, viz. 8 p. c. of 
the dried residue. In 100 pts. of the ash of the albumen of poultry eggs, Poleck found 
25*67 KCl, 8*67 NaCl, 6*43 K^O, 12*40 Na^O, 6*25 CaO, 7*03 MgO, 2-09 IV0», 
15*28 P“0*, 0*84 SO®, 9*01 CO'^ and 7’05 SiO*. The chlorides and other soluble salts 
lorni the larger portion of this ash, whereas in the ash of the yolk, the insoluble salts 
predominate. 

The yolk of birds’ eggs forms a thick, viscid, slightly translucent, yellow liquid, 
destitute of odour, but having a faint peculiar taste : when mixed with water, it forms 
a white emulsion. It blues reddened litmus paper, solidifies to a friable mass when 
is coagidated by cold alcohol, and gives up to ether a reddish-yeUow fat. 
When examined by the microscope, it is found to consist of a semifluid mass of veiy 
^'^^(inuhs, amongst which there swim variously sized yolk-corpuseks •Axulfat ghhules. 
The yolk-corpuscles consist mainly of fat and pigment ; the fine granules, according 
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to Lehmann, of caaein containing but a small quiinlity of alkali ; the fluia of tl 
yolk consists of albumin poor in alkali, in a state of actual solution. The substanc* 
formerly called vitellin is now known to be a mixture of casein and albumin. ^ 

The fat of the yolk appesrs to consist chiefly of olein and palmitin ; it also contain* 
cholesterin or a very similar body, and according to Gobl^, cerebrin and lecithin 
(^. V.) The colouring matters of the yolk have not l>een accurately investigated : it is 
merely known that they consist of a red and a yellow pigment, one or the other of 
which is albuminous. 

In 1000 pts. of the yolk of the egg of the domestic fowl, Gobley found 5U-90 water 
157-60 vitellin, 304-70 fat (consisting of 213 00 palmitin and olein, 4-40 cholesterin* 
84*30 lecithin and 3 00 cerebrin), 4*00 alcoholic extract, 6*50 colouring matter, 0’30 
chloride of ammonium, 2*80 alkaline chlorides and sulphates, 10*20 earthy phosphates, 
with a trace of oxide of iron. 

Among the constituents of the ash, the potassium-salts and phosphates occupy the 
chief place, the clilorides and the .sodium-salts being present in small quantity only. 
Poleck found in 100 pts. of tlie iish of the yolk of hens’ eggs, 5*94 potash, 4*82 soda* 
15*79 lime, 2*36 magnesia, 1*85 ferric oxide, 68 26 phosphoric anhydride, and 0 92 
silica (=• 90-94). 

Changes of the egg during inciihathm, — From observations on the eggs of the 
domestic fowl, I’roul'deduccd the following conclusions : 

1. The relutire weights of the several parts of the egg vary considerably. Ten 
eggs gave on the average, in 1000 pts. ; shell and lining membrane 106*0 pts., white 
604*2, yolk 288*9. The membrane weighs about 2jpts. per thousand of the entire egg. 

, — % The egg loses during incubation about J of its weight, wliicli is about eight times 
as much as it would lose in the same time if left to itself.— 3. At the commencement 
of incubation, the yolk gives up oil to the white, w'hercby' tlie white is altered and 
becomes like the casein of milk, the yolk at the same time taking up water and salts. 
— 4. At a later stage, the water and .salt.s leave the yolk, which gradually rosurne.s its 
original volume. In the last week of incubation, it diminishes still further in hulk, 
and gives up the greater part of its pho.sphorus, which is lused in the formation of hone, 
uniting <us phosphoric acid with lime, which is not originally contained in the fluids of 
the egg, but appears to bo derived from the shell. 

Tho results obtained by Prevost and Dumas are as follows ; The contents of tin' uii- 
inculuited egg were found to oonsi.st of 10-72 per cent, fat, 16*58 substance free from 
fat (819 in tho w'hito and 8*36 in tlie yolk) and 72*55 per cent, w-ater. After sev<‘ii 
days’ incubation, the inner part of tho egg consisted of 9*32 per (rent, ether-extract, 
13*94 substance free from fat (with 8 per cent, albumin), and 76*74 water. Of 
substance free from fat the white contained 34*9 per cent., tho thick yolk 16-5, the 
fluid yolk 4*4, the incmbranes of the white 7*7, the amniotic li(juid 1*3 per cent. Tlio 
fat and solid substance had therefore diminish(*d during incubation, but the amount 
of water w'as relatively increased after fourteen days’ incubation, the lining memhnirm 
of tlio shell, the interior of the fcetiw, and in one instance also, the amniotic liquid 
exhibited an acid reaction. 100 pts. of the interior of the (»gg consisted of 9*46 etlier- 
oxtract, 16*09 dry matter with 7*7 albumin, and 74*43 water. The w'hite contained 
3*3 per cejit. dry matter free from fat; the yolk 19*3 ; tho membranes 9*1 ; the fcetiis 
7*2; the amnios 1'4 per cent. After twemty-one days’ incubation, the interior of the 
egg consisted of 5*68 per cent, fat^ 15*44 dry substance free from fat (J of which wm 
yolk, i yolk-membrane and J foetus), and 78*88 p(*r cent, water. Tlie yolk then 
contained 29*0 per cent, the yolk membrane 20*6, the foetus 14*6 per cent, dry matUu 
free from fat. 

The weight of the shell remained nearly constant. The fat of the egg before 
incubation had a uniform yellow colour ; on the seventh day the thick yolk yielded tc 
ether a yellow oil ; tho liquid yolk a yellow, later a colourlesB fat. The roembranei 
and amnios yielded a thick white fat, the foetus a white fat like hog’s lard. On th< 
fourteenth day, the yolk-oil was yellow and thick ; that of the foetus reddish and solid 
On the twenty-first day, the yolk-fat was thick and palo yellow ; that of the mem 
branes dark yellow and partially solid : the foetus yielded at first a solid yellow, after 
wards a soft, white fkt. 

Respecting the mineral constituents of eggs, Privost and Morin have obtained tin 
following results : 

Eggs Wore incubation contained; 


In the white • 

In the yolk • 

• 

Dry tiibstance 
Arom fat. 

. 15*090 

. 16*166 

A»h. 

0*85 

0*90 

Insoluble 

phosphstei. 

0*13 

0*90 

Soluble 

■alts. 

0*68 



30*256 

vtE 

Toa’ 
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After twenty-one days incubaHon : ' 

Dry tubstance 

free (W>in fat. 

In the yolk . . . 5*51 

„ yolk-membrane • 4*80 

,, putamen, chorion and > ^.^2 
amnios. ) 

„ fuetus . • • 16‘87 

27*60 


A»h. 

0150 

0*205 

Inioluble 

phosphates, 

0-145 

0-206 

Soluble 

salts. 

0*005 

0*040 

0*016 

0*025 

1*825 

1*059 

0*730 

2-220 

1^424 

0-760 


The loss of weight of the egg during incubation was found by Provost and Morin 
(contrary to the observations of Prout, p. 364) to be the same in a given time as that 
of the egg when left to itsc4f, so tliat it appears to arise from simple drying. Unim- 
ppt>gnated eggs do not putrefy during incubation, their contents retain their original 
consistence, but the yolk becomes darker. 

It has long been known that non-incubated eggs re.spire, giving off water and 
carbonic acid and absorbing oxygen, so that the air confined at the broad end of tho 
t'gg is richer in oxygen than the external air. From the investigations of Baudrimont 
and St. Ange, as well as from those of Viborg and Schwann, it appears tliat this 
prrxvss of respiration, in other wonts, the interchange of gas through the shell, is acce- 
liTiited during incubation, and i.s moreover neces.sary to the process of development, inns- 
niuch as eggs enclosed in an atmosphere of liydn^gen orearbonic anhydride quickly die. 

i^'ishes . — The eggs of fishes, and likewise those of reptiles, insects, mol- 
liHca, &c., do not contain an albuinin<>u.s investnnmt like that of birds’ eggs, but con- 
M>t riM'rcIy of a finid corre.spoiiding to the yolk, and enclosed in a membrane, which is 
i!.«. ]j’ enclosed in a shell. 

The V'dk, OP vilellum, of the eggs of cartilaginous fislu^s consists of an albuminous 
liquid, holding in .solution certain mineral salts, chiefly chlorides and phosphates, and 
ill suspension, white grains or plates, consisting of i eh thin, tho form of which ia 
r.‘i:iihir and constant in each species, but diflTers in different species. According to 
K:id!k(Tcr. they are crystalline and doublo-rcfracting. These grains are mixed with a 
^>riiall quantity of phosplinretted fat, which is soluble in ether and alcohol, forms a 
kind of imicilago with water, and exhibits some analogy to the oleophosplioric acid of 
the brain, (Valenciennes andFremy.) 

'riie roe of the sturgeon is salted and .^old as caiuarr. .Tohii found in 100 pts. of it, 
fi 'j tluid albumin, 4*3 butyraceous fat, 6*7 common salt, 0*5 phosphate of calcium with 
a little iron, 24*3 coagulated albumin, and 68 waiter. 

The eggs of bony fishes also contain grains or plates similar to those in the yolk of 
cart ihigi nous fishes, but consisting of three sub.stance.s insoluble in w*ater, viz. i eh thin, 
iclitliidin, and ichthulin. The albumin of fiMlie.s’ eggs H])pears to differ from that 
or birds’ eggs ; in fact, that of certain fishes dissolves in hydrochloric acid without 
••'iloratiou, and begins to coagulate at 45^^ C., wliereas the albumin of bird.s’ eggs 
•iissolvcs in liydrocliloric acid with deep violet-blue colour, and does not coaffulato 
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The fiuids of the eggs of bony fishes undergo a change of composition during thcii 
Bojourii in the oviduct. While still attached to tho ovary, they contain onlv traces of 
all-uiiiin, but those in the oviduct contain a considerable quantity of it. 'I'lie 
egg.s ot tile carjj in an early stage of development contain ichthidin and ichthulin ; 
wlh ij fully developed, they no longer contain ichthidin, the ichthulin grailually dis- 
aj)|a‘ars, and when they have become quite transparent, they contain nothing but a 
strongly albuiniuoiis liquid, holding pho.sphorettcd fat ill su.‘<pen.sion. (Valonci eiinc.s 
and From y.) 

According to Gobley (J. Phys. Chiin. [3] xi. 409; xii. 513), carps’ eggs exhibit in 
tlicir eonqx).sition a certain degree of similarity to limis eggs. They apjiear to be defi- 
cient in the alkaline albumin which surrounds tin* yolk of the fowl’s egg, but they contain 
an albuminous substance, para vi tel I in, agreeing in composition and propertie.s w'ith 
vitollin, and a fat, which, like that of the yolk of poultry eggs, is compo.sed of a fixed 
oil and a ^iiaeious infusible substance. tho oil, which is present in small quantity 
only, consists of olein and palinilin; the tenacious substance is a mixture of several 
<‘onipound.s, including cholesteri n. I<‘cithin, and cerebrin, tho second of which 
contains phosphorus. Carps’ eggs T»oiled w*ifh water yield, according to Gobley, an 
acid liquid, which becomes more acitl on H<lditioii of alcohol. The colouring matter of 
carps eggs appears to be of two kinds, like tliat of poultry eggs, a red ferruginous sub- 
ataiice, like tho colouring matter of blood, and a yellow subsUnce. Gobley gives the 
mean percentage composition of the egg.**, as follow’s : — 64*08 water, 14*06 paravitellin, 
^•57 olein andpalmitin, 0*26 chole.sterin, 3*04 lecithin, 0*20 ccrt*brin, 0*04 chloride of 
ammonium, 0*45 chlorides of potassium and sodium, 0*04 sulphato and phosphate of 
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potassium, 0*29 phosphates of magnesium and caleiptn, 0;39 esttract of flfifK ji.r. 
membrane, and 0*03 colouring matter, with traces of ironj and loss. ® 

Eqgs of Reptiles.— i:\iQ eggs of the tortoise are composed of a gelatinous white 
small in quantity, containing but little albumin, and enclosed in the cells of the Wa 
transparent membranes. The yolk is very rich in allmmin, and contains a coiim- 
derable quantify of phosphoretted oil together with grains of emydin {q. i;.). 

In the egg-shell of Emys amazonica^ L. Gmelin found 26 6 per cent, animal matter 
insoluble in hydrochloric acid, 10*7 animal matter soluble in that acid, 65*4 carLonate 
of calcium, 7'3 phosphate of calcium, and trac«‘s of magnesia. 

In the egg-sliell of Allujator schrops, not quite freed from membrane, Bnimnur- 
Btadt found 1’3G }icr cent, water, 6 00 organic matter, 91*10 carbonate of calcium, 2 :^3 
carbonate of magnesium, and 0*54 eartliy phosphates. 

The eggs of the lizard resemble those of the tortoise to a certain extent ; tlicv do 
not contain iehthin or emydin. (V a 1 e n c i e n n c s and F r 6 m y ) 

The eggs of the common vq)€r contain an albumin, like that of the ray, gelatinous 
and made up of transparent elastic lilms containing a slightly albuniinatcd water! 
The yolk contains a liquid very rich in albumin, and baring a large <juaiitity of fat 
floating in it, but on bringing it in contact with water, the liquid thickens more and 
more ; and at lust becomes quite gelatinous. This change of state is due to the pre- 
Bence of a body resembling vitellin, wbicb is rendered insuhiblo by the slow action of 
water, (Valenciennes and Fr6my.) 

Tho gelatinous matter of the eggs of frogs is composed of a tissue of liyaloid mem- 
branos, containing water, absorbed after the eggs hare been laid. It is njoditied by 
boiling, becoming slightly opaline, while the yolk lianhuis, sliowiiig that it eoiUaiu!i 
albumin. Tho yolk is blackened by a j>ecnliar pigment, wliieh also colours tho ox- 
tromcly thin viti'llinc nn'nilirano ; the bViuid of tlic yolk contains a verj' small quantity 
of fatty matter united in transparent drofjs : another sulvstan(*<“ which, uiidor the niicro- 
Bcope, presents the appearance of an extremely thin meinV)7’aiie, covt'red with black 
dots, and a largo quantity of extremely small vitellino granuloH, insoluble in w'otcr, 
but soluble in acetic aci<l. Tl»o eggs of Iritoti.^ exhibit tho same composition ; the 
wliife exterior matter is similar to that of frogs* eggs. 

The eggs of Crnstcicca ns do not contain icbthuiin ; their albumin appears to differ 
in some respects from that of other eggs, not coagulating below 74° C. Tho eggs of 
crabs and lt>bst( rs contain tho substance which exists in the. shell of tho animal, and 
is the cause of the red coloui* which it assumes when boiled. In the eggs, this hiiIi- 
fltance appears to bo in a state of solution, and to bo precipitated, on diluting the 
crushed eggs with water, ns a green resinous substance, w*hieii is reddened oven by 
drying in vacuo, also by the action of salts which absorb water, by tho action of al- 
cohol or ether, and lastly when rubbed with a solid body. In the reddened stat<?, tlio 
colouring matter may easily be obtained by heating tho albuminous liquid which holds 
it in solution, and dissolving out tho colouring mutter from the coagulated ulbuiniu 
which eucloses it, by means of alcohol. (V aloncienn es and F romy.) 

Eggs of Arachnida and Insects . — Tho eggs of spiders contain albnmii), bitty 
matters and a largo quui\tlty of matter precipitable by water. The eggs of anis exhibit 
eiiTiibir composition. (ViileiuM’on lies and F r<Smy.) 

Reiiisch found in the egg.s of Papilio CraUegiy 2*36 pcT cent, shell (contaiTiing 2*11 
animal matter, and 0*22 carbonate of calcium), 8*32 albumin, 8*22 fat, with traces of 
Tolatile oil, 0*88 iinsnpoiiifiablo fat, 0*57 phosphate of calcium, with traces of fen'ic 
oxide, 4*65 auinial substances with salts, and 75*()0 water. 

Eggs of Moll i( sea. — These eggs appear to differ altogether in composition from 
those of other animals. Thus the eggs of the snail do not contain a trace of fat, bnt 
are formed entirely of hyaloid membranes, enclosing a viscid, colourless liqui<l, w’liuh 
holds in solution an azotised body different from albumin, inasmuch as it does not 
coagulate by heat, is precipitated by acetic acid, and dissolves in hydrochloric acid, 
without producing a violet colour. (Valenciennes and FriSiny.) 

F. W. Burdacli examined tho eggs of Linmieus stagnalis, in different stages of deve- 
lopment, with the view of ascertaining whether the quantity of fat in them iuci*ca.sc3 
during their development at tho exp<*n«e of the albuminoids. The eggs in an enrly 
stage of development were found to contain in the dry state, 4*06 per cent, mineral 
Balts, 0*65 fat, and therefore, 96*2G albiiniinatcs ; in a second experiment, 3*66 salts, 
0*64 fat, and 96*81 albuminates. The fully developed eggs yielded 6 00 and 6*62 per 
cent, salts, 2*18 and 1*66 fat, and 91*82 albuminates. Those exjMjriments seem to 
show that tlie albuminates are partly converted into fat in tho process of development 
(Burdach, De commutat sulst. protein* in adipemy Rissertatio, Begiomontii Prossor. 
1868 .) ' 

The following genend conclusions are deduced by Valenciennes and Fr^y 
their researches on the eggs of different classes and orders of animals. 
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1 Among rertebrate animals, the eggs of birds, reptiles, and fishes exhibit differ* 
* ^iiich maj be domdnstrated by the most simple analysis ; nevortlieless, the 

of sauriaus and ophidians present considerable analogy to those of birds, whereas 
of batrachiuns approach more to those of cartilaginous fishes. 

2 The eggs of arachnida and insects differ altogether in composition from those of 

other animals. , , , . . 

• 3, The eggs of crustaceans, which are organised so as to be liatelied m water, exliibit 
no resrmblance to those of fishes or amphibious vertebruta. 

4 . , 'Similar obser\Mtions uj'ply to the eggs of molliLscs. 

o[ Tlicse differences correspond not only with classes and orders, but likewise 
ti) natural families, and do not stop even there ; inasmuch as the eggs of carti- 
l.runoiis fishes have not the same composition as those of hony fishes ; moreover, a 
cari'*s ciig i)3 very different from that of a salmon, and the egg of an ophidian, an 
adder, fi)r examjde, does not contain tlie same principles as tliat of a ehelonian. 

6. Kgga contain several distinct proximate principles, viz. vitellin, iclithin, ichthulin, 
iclitliidin, and emydin, designated by the generic name of viUN{}ip mhiftancis, 

Tlioiigh the composition of the proximate principles is the same in closely allied 
sptviis, the fonii auvl size of the vitelline substances varies sufiicieiitly to be recognised 
and afff^igned for Cimh species. 

8. The albuminous substances derived from the eggs of birils, reptiles, fishes und 
crii>face;ins exhibit in their chemical properties and in their point of eongclatjon, 
(lilfercncos sutiicieut to justify the conclusion that they constitute dittereiit proximato 


pniu-ij'icrf, 

1). All egg undergoes changes attended with considerable modifications of its liijuid 
(:v-:i>titui iils, at the difierent epochs of its formation, at the moment of its separation 
livm I he ovary, and duidng its sojourn in the oviduct before it is laid. 

EHIiXTE. A ba.sic phosphate (or phosphovanadate) of copper found at Kill, near 
J.iii/ on the Khine, at Nischiiei-Tagilsk in the Ural, and at Libetheii in Hungary (tho 
crude. lih> du niU), usually in botryoidal and kidney-shaped aggregates, or 
injussive and imbe<lded, rarely crystallised. It cleaves in one direction, produces a 
vtT.iigris-greeu to ernerald-greeii streak, is translucent on tho edges, ha.s a nacreous 
hist IV on the cleavage faces. llardiies.s = 1*5 to 1*0. Specific gravity = a-S to 4*3. 
Jiridiv ilie lilowpipo it deeri'pitates violently, and melts easily to a black bend, which 
Mtlnlifii'S ill the crystalline stale. On charcoal it yields copper. Dissolves ea.sily in 
hydi-.ieliloric acid and in ammonia. 

Aivordiiig to an older analysis l»y llergemann (Sehw. J. liv. 305), it contains 21‘93 
p(*ri piit. P'-O', nfj'OO CuO, and 9*00 \v:it«‘i% agreeing a j.iproximatolv with the formuhi 
e( iiO.P-O^ .311-0, or CuT-O^20ull•0■‘■' f- Jl-O (calc. ‘23 94 P“'b^ fi6-97 CuO, and 
9 09 «;Uer). Analyses by R. llermaiiii (J. pr. Chem. xxxvii. 183), Khodius {ibid. 
xlii. and Nordeiiskiold (^iftid. Ixxii. 457), lead to similar results. Aeeorcliiig 
te a latir analysis by Bergemann (.l.ihresber. v. Leonhard f. Mill. 1S5H, p. 191), tho 
Timu-r;d likewise contains vanadium, viz. 7'3l V'O’, 17 89 B'-0\ fit OO CuO, and 8 90 
whioli may bo represented l»y the formula 3( aiO. V-O'* + (3(3(’u0.P'^0* + aq.) 
+ SiPuO.Il-'O), or Cal*\'-0^6(Cu^p■-()^aq.).3Cui^■-0^ But it is probably a mixture, 
as iikIc.hI might bo inferred fruiii tlu! great variations in its hardness uud density. 


EBRGXgraERGXTXS. An amorphous mineral occurring as a deposit in traehvto 
ni the .Siebeiigebirge. Jii tho rccont stato it is nearly gelatinous, ea.sily compr(;.ssirjlc, 
and when dried becomes lighter in colour, fissured, fine-grained, and opacpie. In Iho 
dry state it adheres but little to tlie tongue. In water it disintegrates and rosuim s 
Jts original character. According to l']hrenberg, it becomes <tdiite by gentle ignition, 
but re<‘overs its former colour by immersion in water. Analy.se.s by Bischuf (1.; and 
ochiiiibel (II.) show that its composition is vt;ry variable: 


SiO* A1‘0» ¥eHy MnO CuO MgO IPO K^O.Na^O Total, 

r. 64-54 604 4-56 4 61 3-96 0*41 7 77 811 . 100 

II. 56*77 15-77 1'65 0-86 276 ISO 17*11 3-78 . 100 

According to Schnabel, water extracts from it chlorine, sulphuric jici<l, and magnesia; 
hydrochloric acid exlrjicts iron and manganese. (Jahre.sber. f. Chem. 1852, p. 867.) 

&XBBROXT2. A massive fibrous variety of S<?apolite (y. c.) 

>&ABira. Syn. with Nonyi.knk {q. v.) 

*^^OEXTS. A variety of nephelin, having a waxy or fatty lustre, slight traiis- 
lu«x nce, and a grey, dingy blue, green, red. or brf)W'n colour. In crystalline form and 
composition it does not differ essentially from nephelin, but is distinguished liy tho 
r ease with which it melts to a tinriid glas.s. (See NEpnEiaN.) 

EE2BOM8TXUB. A kind of hydromeU*r for detecting adulterations in fixed oils. 
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inch as palm-oil, Hnseed-oil, &c., by their sp^flc gfra^ty, and pii«^ • 

different rates of expansion by heat. The indications are not ^ 

A term applied to the more Tolatilet 


lioh of ewenf \ 

oil, the other portion, vhich solidifies more readily, being called a Btearopteh# oif hampW 

BUBOBACCBASUM. Odzucker.--k finely triturated mixture of Sugar ^tth 
Yolatile oil (^. g, oil of anise, lemon, &c, Elaoaaccharum ani^^ Such mis! 

tures may be prepared by rubbing the rind of lemons, oranges, dec., or the fruits 
selves, on loaf sugar, or by directly mixing the aromatic substance with the sugar, as in 
the preparation of vanille. 


B&ABBZW. The name given by Chcvreul to the more fusible constituent of the 
grease of sheep’s wool, in which it. is associated with stearin. It is said to saponify 
with difficulty, yielding a peculiar acid, elaoric acid. Neither the fitt nor the acid 
has been sufficiently examined to establish its separate identity, 

BULXC ACXB. Syn. with Oleic Acid. 

B&AXBXC ACXB. C'®IP^O*. (Boudet, Ann. Ch. Phys. 1. 391.— Laurent, 
ibidn Jxv. 149. — Meyer, Ann. Ch. Pharm. xxxv. 174. — Gottlieb, ibid. Ivii. 64.)— -X 
solid isomeric modification of oleic acid, produced by the action of nitrous acid. It 
may be obtained by solidifying olive oil with vapour of nitrous acid, or with mer- 
eumus iiifrato, saponifying the solid glyceride thus obtained (elaklin), and decompos- 
ing it Ypth a mineral acid. The ela'idic acid thus obtained is, however, always more 
or lesa contaminated with margaric acid. A better process is to treat pure oleic 
'acid wij^ nitrous acid. Elaidic acid may also be prepared by decomposing oleate of 
bi^nura with a quantity of fuming nitric acid, exactly sufficient to unite with tlm 
baiyta. On leaving the liquid at rest, the ela'idic acid rises to the surface, and may l»o 
freed from unaltered oleic acid by pressure between bibulous paper and crystallisation 
from alcohol. 

Elaidic acid melts between 44*^ and 45® C. It dissolves readily in alcohol, and is 
deposited fi*om the concentrated solution in lamina resembling btmzoic acid; it likewise 
dissolves in ether, but not so freely. The solutions have an acid reaction. Wlien kept 
for a long time at 66® C. it absorbs oxygen, acquires a disagreeable odour, liquefies, and 
is tlicn no longer solidified by nitrous acid. Elaidic acid distils for the most par! with- 
out alteration. Treated with melting prdash it is converted, like oleic acid, into 
acetate and palmitate of potassium, with evolution of hydrogen : 


C'«n«o* + 2KHO =. C'^H*KO’ -i- c**iP'KO» + m 


The Elaidates, C’*H**M0*, are isomeric with the olcates. All the neutral clai'dates 
are insoluble in water, only the alkaline salts containing excess of alkali being soluble. 
An excess of water dccom{^K)scs them, precipibiting acid salts. 

Eldidate of amnonium crystallises in 8cale.s ; it is sparingly soluble in ether. The 

? otassium-8alt also crystalliBes in scales; the sodium-salt in large shining leaflets, 
'he barium- and A a/f-salts are white precipitates. The silver-salt, C**'H**AgO*, is a 
white precipitate, sparingly soluble in w'uter, alcohol, and ether, when oneq^ dried, 

' eai|ily soluble when reecntly precipitated. It dissolves easily in warm aqueous am- 
monia, and is deposited in great part on cooling in small prismatic crystals. 

BXkAXBZC BTBSB8. (Laurent, Ann. Oh. Phys. xxxv. 296. — Meyer, Mh*- 
Ch. Pharm. xxxv. 188.) — Klaidate of Ethyl, C**H**OlC*H^ is obtained by boiJiug’ 
2 pts, of ela'idic acid with 1 pt. of sulphuric acid and 4 pts. of alcohol, boiling tho ma - 
ture, with cohobation, for several hours ; also by saturating an alcoholic solutioti ^ 
ela'idic acid with liydroctllorie acid. It is a colourless oil, odourless in the cold, m 
specific grurity 0*869 at 18® C. ; insoluble in water. Alcohol dissolves about J of its 
volume of it ; ether dissolves it in all proportions. It boils a little above 310® C., airf 
> distils without alteration, according to Laurent ; according to Meyer, it is decomposed 
by distillation. Alkalis in alcoholic solution convert it into an alkaline cluidate. 

ElaidaU of Methyl, C*®11**0* CH*. — Prepared like the preceding compound. It 
Is an oily liquid of specific gravity 0*872 at 18® C. 

BBAXXISB* A solid isomeric modification of olein, produced by the acridn of 
nitrous acid (or of nitric acid in contact with mercury) on olein ; fuming nitric acidiflso 
solidifies olein after some time, but an excess of the acid hinders the solidification. 
Elii'idin, like olein, has never been obtained sufficiently pure for analysis, being 
contaminated with margarin, and an oily substance which is reddened by potash. It 
may be purified to a certain extent by dissolving it in ether, cooling the solution to: 
0®6., and washing the deposit with ether. Elaidin thus prepared boars considM^OT' 
resemblance to stearin, and according to Meyer’s analysis (Ann. Ch. Pharim 
178), which gave 77*8 per cent, carbon and 12*0 liydrogen, may be rcgardM SStrif , 
ola'idin, (glycerin) + 3C'*IP®0=' (ela’idic acid) — 
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7*73 caHion, and liydroge»|?^ It at 32® C., in nearly insoluble in alcohol, 
but (toolveg mdily in ethers 3y diy distillatioia it yields acrolein, claidic acid, and 

hydrocarbonfc " 

Elaidia ii saponified by alkalis, yielding glycerin and a salt of elaidVc acid. The 
Unguentum otygenaium and U. dtrinum of the pharmacopoeias, prepared from hog’s 
bud trith nitnc acid, contain impure elaidin. 

S&Anr» Syn. with Olbin. 

3n,AX>r.PB08FB0UC AOZB. Syn. with Oleophospuoric Acid. 
nAXB-SVliPBVBXO ACXB* Syn. with Olkosttlphuric or Sulpholeic Acid. 
IS&AXODXC ACXX>. Syn. with Ricinoleic Acid. 

SJliAZOMBTSB. Bornot’s name for a percolating apparatus, in which he ex* 
huiiats oily seeds with sulphide of carbon, in order to determine the quantity of oil 
contained in them, by evaporating the sulphide of carbon and weighing the oil wJiich 
remains. (R4p. Chim. app. ii. 160.) 

SLAXiBXUBmU A solid isomeric modification of aldehyde (i. 109). Liohen 
(Ann. Ch. Pharm. SuppL Bd. i. 114) lias shown that a similar modification may be 
obtained by treating aldehyde with iodide of ethyl 

S&AOmi. Syn. with Oj.eonb. 

UASMOSXL Syn. with Poliatbd Teixubium. (See Tellurium.) 

S L ASTXC SXT UAKSB • Syn. with Elatehitr. 


SXiAfiTXC TXSSITB. (Lehmann, Vhysioloqical Chrmutrq, iii. 40; also Gmclin^g 
Jhmlhuvh, viii. 450. Ilandw. d. Chem. Aufl. ii. [.3] 667.)— The eleraentarv fibres 
of this tissue are somewhat extensively distributed in the animal organism, though 
tiuy never occur independently of other histological elements. They are most com- 
nmnly found intermixed with the fibres of the connective tissue, very frequently also 
with smooth muscular fibres. They occur in the yellow elastic ligaments, as in the 
Ugammiafiava of the vertebral column, the inferior vocal chords, the Liganimtum 
nucha or neelc-band of mammals, the elastic ligaments of the claws of the felidse, and 
ho hiiige-hgameiit of bivalves. Large groups of elastic fibres connected into mem- 
branous sheaths are met with in ih^J'ascia lata and in the middle coats of the arteries 
luid >ejn.s. biTialler accumulations of these fibres occur in many other parts as for 
itistanoe, in the coriurn, and under the raucous membrane, more especially* in the 
&(?. The diameter of the elastic fibres varies consider- 
a ily m difterent parts ; thus, in the serous membranes, they are so fine as not to admit 
ot exact measurement, whereas in the neck-hand of some animals, they have a 
(iiimioter of 0*004 , and in the coatings of the arteries they are still broader. 

Ihe chemical basis of the elastic tissue, the so-called cl as ti n, as obtained by boiling 
the tissue With alcohol, ether, water, strong acetic acid and dilute pbtash-Iey, then 
11 n water moderately strong hydrochloric acid, and again with water,— is a brittle 
*1 ^ immersed in water, dilute ammonia ox 

f recovers its elasticity completely. It is quite insolublo 

Ixiiling, thereby differing essentially from the true 
wnnmive tissue, which is converted into gelatin by Imfling with water. Elastin is 
“ al^hol, ether, and acetic acid. Strong potash-ley dissolves it 
wiia ^wnish colour ; the solution, neutralised with sulphuric acid, doc-s not gelatinise 
precipitated by any acid excepting tannic acid. Elastin 
^par^ as above bums without residue on platinum foil, and is free from sulphur. 

P sulphuric acid, it yields leucine. 

0 nock-band of the horse has been analysed by Tilanufl 

and W.MuUer, with the followbg results: ^ /-tuauus 


Carbon 
Hydrogen . 

Nitrogen . 

Oxygen 

100-00 100-00 


W. Mftllfir. 


66-47 

66-72 

65 - 5 r > 

66-00 

754 

7-67 

711 

7-33 

1609 

15*71 

16*52 

16*43 

20-90 

2090 

20-82 

21-15 

100-00 

10000 

100-00 

100-00 


Tilsnui. 


. 64-90 

65-65 

. 7-25 

7*41 

. 17*52 

17-74 

. 20*33 

19-20 


power possessed by many bodies of recovering their original 
pe size, as soon as the external fom?s which altered them have Ceased to act. 
18 perhsps no substance in which this power is altogether absent, but in some 
U. B B 

i .. . 
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bodie*. moist day for ex*mple, it raista in so (^t a ^eptt lliit fcr ail pm-ie:! 
purposes, they may be regarded as inelastio. The elasticit;^ of a body is 
imperfeci according as it recovers its original shape and size wholly or partiaDv on 
the removal of the disturbing force. 

EloBticity of Gases,--Qaseo not only yield to pressure and expand to their original 
bulk on the removal of that pressure, but their particles exhibit a constant ten<ieijoy 
to fly asunder, so that a gas exerts a constant pressiire against the sides of the vesfiel in 
which it is enclosed. , , , , . , 

The elastic force of a gas is measured by the pressure which it is capHhIo of 
sustaining, or by the pressure required to keep it within a given volume. Observation 
shows that the elastic force of the air at the earth’s surface is capable of sustaining a 
column of mercury of the average height of thirty inches, which is etjui valent to a 
weight of about fourteen pounds on the square inch ; more exactly, when the height c\ 
the barometric column reduced to 0® C. is 760 millimetres, the pressure on a square 
metre is 0*760 x 1000 x 13*596 « 10333 kilogramines, or 1*0333 kilogrammes on « 
square centimetre. .... 

To measure the elastic force of a quantity of air in an enclosed space, the open entl 
of a barometer-tube is connected with this space, as in the barometer-gaugo of tlio 
air-pump. If the gas is confined by a liquid, as in a jar standing over water or 
roeicuryV the difference of level of the liquid without and within the tnVe must ho 
taken into account. This difference of level must be reduced to its equivalent in mereury 

by multiplying by (d being the specific gravity of the liquid, and 13*696 that 

of mercury), and the product added to or subtracted from the height of the hai-oraetcr, 
according as the level of the liquid within the gas-jar is below or above that without 
If the gas stands over mercury, the preceding factor is reduced to 1 ; if over water, il 


1 

13*696 


0*073651. 


The elastic force of a gas at a given temperature varies inversely as its volume. This 
law called Boyle’s or Mariotte’s law, has been deinonstnited experimentally up to 
pressures equal to twenty-seven times the ordinary pressure of the atmospliere, for 
cases capable of hearing that pressure without liquefaction. At pressures near tlioM 
at which liquefaction takes place, the elasticity does not vary in the exact inverse ratio 

of the volume. ^ , -i ^ • 

moiticitu of Uqidd8,--TA<\VL\d^ when subjected to pressure undergo a cortain (linn* 
nution of volume, and return to their original volume when the pressure is removed 
The contraction produced even by very great pressures, is, however, very small, ami 
consequently liquids were for a long time supposed to bo absolutely mcompressiblo, 
this conclusion was, moreover, supiwscnl to be directly established by certain ex^n* 
monts made by the Florentine Academicians in tho seventeentb century, in wn>cn 
closed metallic vessels completely filled with liquiils wi'ro sulijected to strong pivssuiv 
or hammering; the vessels became cracked and the liquid oozed out, and this was 
resrarded aa a proof of its incoinpressihility. Canton in 1701 first attacked the problem 
in the right way, by subjecting liquids in thermometer-shaped vessels to strong 
under the reemvor of a condensing pump. These experiments 
the compressibility of liquids, and subsequent researches by Perkins (Oilb. 
l«ii? 173; rogsAnn. ii 647), by Oorst.«d (Ann. Ch. Phy.s. [2) x«i 190). ana by 
Colladon and Sturm (PoRg. Ann. xii. 39), made with somewhut similar aptia ratw 
affonlcd further proof of the compression, and determined its 
liquids. Subsequently experiments wore made by Aim6 (Ann. Ch. Phys. 

267) on the coast of Algeria, by sinking thorraomotor-shaped vessels, attached to coras, 
in the sea bv which they were subjected to a pressure of 200 atmospheres. 

^“ult La also mide experiments on tho eompressibiUty of liquids by 
an i^trument called a piezomHer, consisting of a vessel like a thermometer wdn 
cylindrical bulb and a graduated stem to hold the liquid; this to 

a strong vessel flUed with water, and havmg a piston working water-tight in >*« "**> 
commi^ieate the pressure, and the whole w« enclosed in a larger vessel of 
the temDerature constant. In those experiments, the comnression of the 
w^SuTdetermined, whereas former observers had determined point 
other obse^ations, and not always with tho somo kind of ^laes. 
fAnn Cb. Phys. [31 xud. 437) has continued these expenments y** we 
apparatus, but Ling a more exact method of determining the compression of t^e gjass 

following table gives the compressibility rf several liquids, as 
Qmssi; the number for mercury is calculat^ from Repaults 

headed •* eompressibiUty ” shows the diminution in volume of a 
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of the liquid wben the pressure upon it is increased by 1 atmosphere. The .column 
hwK-d “ pressure in atmospheres” shows the pressure to which the liquid was actually 
subjected ; where blanks are left in this column, the superadded pressure was equal to 
I atmosphere. 


Compreasihility of Liquids ( Grassi), 


Liquid. 

Temperature. 

Compresiiibillty. 

Preipure in 
atmufipherci. 

Mercury 

00° 

0-()0000296 


Water , • . • • 

0*0 

0-0000503 



1-6 

()*0000515 



4*1 

0*()0()()499 



10*8 

0-0000480 


„••••• • 

13-4 

0-0000477 



180 

0-0000463 


„•••••• 

, . 

0-0000460 


„•••••• 

25-0 

0-0000456 


„ . • • • • • 

34*5 

0-0000453 


„ • • • • • • 

43*0 

0-0000442 



530 

0-0000441 


Kthor 

00 

0-0001 11 

3-408 

„••••■ • 

0*0 

0-000131 

7*820 


14*0 

0*000140 

1*580 

11 • • • • • • 

13*8 

0*000153 

8*362 

; Alcohol (absolute) .... 

7*3 

0*0000828 

2-302 

' »> »»•••* 

7*3 

0-0000853 

9-450 

1 » >1 • • • • 

13*1 

0-0000904 

1-570 

1 „ _ M 

13*1 

0-0000991 

8-970 

; (Kul-jipirit . . , , , 

13*5 

0*0000913 

7 -000 

; Chloroform ..... 

8*5 

0*0000625 

1 1-267 

i u • • . . . 

120 

0*0000648 

1-309 


12 5 

0-0000763 

9*200 

; CttC'l-solution : 23'049 p. c. salt 

17 5 

0-0000306 


- .. 40-99 „ „ . 

158 

0-0000206 


1 „ „ , 40-99 „ „ , . 

41-25 

0-0000229 


N«C'l-8olution ; 21-004 p. c. buU 

18-1 

0-0000257 


„ „ 24-001 „ „ 

39-0 

0-0000263 


16-3-23 „ 

18-0 

0-0000321 


Kl-solution : 68-67 p. c. salt 

15-5 

(>-()()()0-26() 


KaNO’-soIiition: 27-264 p, «. salt . 

181 

0-0000295 


Na-CO’-solutioii: 17186 p. c. salt . 

IG'6 

0-0000297 


Soa-watcr 

17*5 

0-0000437 


H’SO* + IPO . 

136 

0 ■0000242 


11 80* + 2H'0 . . . 

14*6 

0 0000250 


H-SO' + SH^O .... 

lG-5 

0 0000271 


11*80* + 4H*0 .... 

14-7 

0-0000279 


n-SO* + SHH) .... 

14*2 

0-0000283 


H*80* + 9H*0 .... 

14-6 

0-0000315 



0-(in!n^ ^^^P^^sibility of mercury, according to the older mode of calculation, is 
00003517 ; the compressibility of de-aorated water at a giyen temperature ispropor- 
Jonju to the pressure ; the same is true for saline solutions and dilute sulphuric acid, 
u ether, alcohol, wood-spirit, and chloroform, the amount of compression increases 
than the pressure. In different solutions of the same salt, the compros- 
w ity IS smaller as the quantity of salt dissolred is greater. The compressibility of 
ter decreases with rise of temperature ; that of ether and of alcohol increases with the 
and^l^(5 Walter appears to exhibit a maximum of compressibility between 0® 


The foUowing table contains the results obtained by Colladon and Sturm and by 
. nearly with the preceding, excepting in the ca^^e of mercury. 

According to Colladon and Stnnn, however, the compressibility of alcohol and ether 
aecreases as the temperature rises. 


p B 2 
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CkmpreuihUity of Liquids {CoUadon and Sturm ; Aimi}, 


Liquid. 

Prei$ure. 


Mg 

Mercury at 0® C. 

Atmofph. 



1—24 

0-00000603 

C. and S 

„ 12-60 0 

. 

0-0000040 

Aim<S. 

Water at 0® C., free from air , . . 

1—24 

0-0000613 

C. and S. 

„ „ containing air . . . 

2—6 

00000606 


Water, sweet, at 12 6° C. . . . . 

« 

0*0000502 

Aim4. 

Sea-water at 12-6° C 

, 

0-0000413 

Water saturated with ammonia at 10° C. 

1—4 

0-0000380 

C. and S. 

$t 11 

4—16 

00000350 

Acetic acid at 0° C 

f-16 

0*0000422 


Acetic acid of 0'6°B. at 12*6° C. . 


0-0000512 

Aini^. 

Nitric acid, spec. grav. 1-403, at 0° C. . 

1—32 

0-0000322 

C, and S. 

Sulphuric acid, concentrated, at 0° C . 

1—16 

0-0000320 


„ „ 12-60 C. . 


0-0000332 

Aini6. 

Oxalic acid, saturated, at 1 1° C. . 


0-0000479 


Hydrochloric acid of 23° B. at 12*6° C. 


0-0000432 


Ammonia at 12-6° C. . . . . . 


00000376 


Sulphate of sodium, 13-8° B. . . . 


0*00()0444 


Alcohol (spec. grar. ? ) at 11-6° C. 

*1—8 

0*0000962 

C. and 8. 

„ „ 11-6° C. . . 

8—16 

0*0000036 


„ „ 11-6° C. . . 

16—24 

0*0000890 


Alcohol of 32° B. at 12-6° 0. . . . 

, , 

0*0000682 

Aim6. 

Alcohol of 40° B. at 12-8° C. 

, , 

0-0000996 


Ether at 0°C. ...... 

1—12 

0*0001330 

0. and 8. 

„ 0° C 

12—24 

0*0001220 

)> 

„ 11-4° 0 

1—12 

0*0001600 


„ 11-4° 0. 

12—24 

0*0001110 

i> 

Nitrous ether at 0° C 

1—24 

0*0000715 

it 

Chloride of ethyl at 11-2° C. . . 

1—12 

0*0000859 

j> • 

„ 11-3° C. 

6—12 

00000823 

)i 

Acetic ether at 0° C. 

1—8 

00000793 


„ 0°C 

8—16 

0*0000713 


Oil of turpentine at 0° C 

1—4 

0*0000884 

„ 

„ 0° C. . . . . 

4—16 

0*0000730 

» 

„ impure at 12-6° C. 


0*0000657 

Airn6. 

Naphtha at 12-6° C. . . • . ■ j 

• 

0*0000766 

17 


Elasticity of Solids . — The phonomona of elasticity in solid bodies are much more 
complicated than in liquids or in gases. Solids can be extended as well as compressed, 
or they may bo compressed in one direction and at the same time stretched in another, 
as when a rod or plate is bent ; and lastly they may be twivstod, which effect may lake 
place with or without compression or extension. When the alteration in size or form 
of a solid body is not carried beyond a certain limit, different for each body, the 
particles return exactly into their former relative positions on the removal of the dis- 
turbing force; in other words, within this limit of elasticity, the body is perfectly 
elastic. Beyond this limit, the alteration of form or size is more or less permanent, the 
molecules or the body no longer returning exactly to their former relative positions, as 
in malleable and ductile bodies, which retain whatever form is given them by strong 
pressure or hammering. 

For some kinds of iron, the limit of elasticity corresponds to a tension of about 
14 kilogrammes for each square millimetre of the transverse section ; for other kinds, 
libout 20 kilogrammes. If a bar or wire of iron bo stretched by a force less than thia 
the extension is found to be proportional to the stretching force applied; beyond this 
limit, the extension increases more rapidly than in the direct ratio of the force, the 
wire becoming permanently stretched ; and when the tension is increased to 
40 kilogrammes per square millimetre, the wire breaks. Other metals exhibit siinilar 
relations. 

The coefficient of elasticity is the extension produced on the unit of length, by 
the unit of tension exerted upon the unit of transverse section ; the reciprocal o' 
Ihis number is called the modulus of elastiaity. Suppose a prismatic rod whose 
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is I and transverse section o, to receive the elongation T by a force P, within 
the limit of elasticity, pilling in the direction of its length ; then ^ is the tension ex- 
erted on the transverse section 1, and j the elongation produced by this force in the 

length 1. Consequently j ~ ^ is the coefficient of elasticity, and ^ the mo- 

dulus of elasticity of the rod If the modulus bo denoted by the elongation a pro- 
duced by the stretching force 8 on the transverse section 1 will be a « or if c be 

iL 

the coefficient of elasticity, o « The length of the rod being /, the elongation 

P . PI PI 

of the rod by the tension 8 (or — >) is la \ consequently V la ^ t 

c c cE 

Similar formula apply to tlic case of compression ; E and F have then the same 
t:i1uo3 as for tension, but the modulus of elasticity will perhaps have a different value. 
The equation Ea s* 8 shows that the modulus of elasticity is the tension which would 
produce the unit of elongation, that is to say, would stretch the rod to twice its 
primitive length, supposing that it would conform to the laws of elasticity up to 
tliat h'mit, instead of breaking, as most bodies would do, long before. The only sub- 
stance that will bear such an amount of tension without disruption is vulcanised 
caoutchouc. 

The following table gives the moduli of elasticity, expressed in kilogrammes, for a 
fraiisverso section of 1 square millimetre, of certain metals and alloys. The numbers 
in the last two columns wero not obtained with the same wires as those in the first 
three. 


Name of metal. 

Spofifle 

gravity. 

Moilului of Elasticity. 

Of the annealed metal. 



Of the unannealed 
metal. 

at C 

at lOO^C. 


at 10® C. 

at -15%’. 

Lead . 


11-232 

1727 

1630 

B 

HI 


Gold (pure) . 


18-035 

5585 

5408 



9351 

Silver (pure) , 


10-304 

7145 

7274 

mmm 

RieI 

7800 

Palludiuiii . 


11 2*25 

9789 

, 


10289 

10659 

1. Op|)(;r 


8-936 

10519 

9827 

7862 

12200 

13052 

Platinum , , 


21-083 

15518 

14178 

12961 

15647 

16224 

Irf)n , , , 


1 7*757 

20794 

21877 

17700 



Iron-wire , , 


7*553 

. 

19985 


18613 

17743 

C:ust-.stecl . 


7*719 

19561 

19014 

17926 



Steel-wire (English) 


7*622 

17278 

21292 

19278 



Steel wire (tempered blue) . 

7*420 

. , 

18977 


18045 

17690 

nrass , , , 

* 

8*217 

. 

. . 

. . 

9005 

9782 










The modulus of elasticity of an alloy is nearly the mean between those of the com- 
ponent metals. The passage of an electric current somewhat diminishes the modulus 
of elasticity of a metal (independently of the diminution consequent on the rise of 
temperature, produced at the same time), the effect ceasing, however, with the passago 
of the current. (Wortheim.) 

Crystallised bodies not belonging to the regular system exhibit different degrees of 
elasticity in different directions. 


A substance contained in the fruit of the spirting cucumber 
{yfomordica EJlaterium), whence it may be extracted by boiling alcohol, and purified by 
precipitation with water, washing with ether, and recrystallisation from hot alcohol 
It forms colourless hexagonal tables, fusible, decoroposible by heat, insoluble in water, 
sparingly soluble in ether, very soluble in alcohol. It dissolves in sulphuric acid, 
form^ a liquid, which, when diluted with water, deposits a brown substance. 
Mtric acid dissolves elaterin without alteration. Elaterin is precipitated from its 
wcoholic solution by acetate of lead and nitrate of silver. Taken internally, it acts as 
emetic and as a purgative. It gives by analysis 69*23 to 69*49 p. c. carbon, and 
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8*23 to 8-21 hydrogen, agreeing nearly with the empirical formula (Z wan 

Ann. Ch. Pharm. xliiL 359.) 

nATEXXTli. Elastic bitumen. Mineral caoutchouc, A fossil resin vuem 
bling asphalt, occurring in soft, flexible, somewhat elastic masses, at Castleton in 
Derbyshire, in a coal mine at Montrelais near Nantes at the depth of 230 feet^ also at 
Neufchatel, and on the island of Zante. Specific gravity of the Berbyshira’varietv 
■a 0'9053 to 1*233. Lustre, resinous. Colour, blackish-brown of various shades 
Subtranslucent, sometimes exhibiting a dark orange-red colour by transmitted light 
It takes fire readily, and burns with a lively yellow flame, emitting a bituminous odour 
According to Johnston (Phil. Mag. 1838, July 23), it is a hydrocarlwn containing 
837— 85*5 carbon, and 12‘5— 13*28 hydrogen. Henry (Ann. Phil. 1826, p. 70), on the 
other hand, found from 36*75 to 40*10 oxygen, whence Ramm els berg {MimraU 
chemicy p. 966) concludes that it consists mainly of a hydrocarbon but mUed 

with an oxygenated compound. 

Sl^TSRZUlIX. The extract obtained by evaporating the juice of the fresh fruit 
of the spirting cucumber {Momordica Elatcrium), It has a greenish or green-bmwn 
colour, a sljarp bitter taste, and acts as a drastic purgative and an emetic. It con- 
tains claterin, together with starch, resin, &c. 

SXiATBXN. An oily body produced by tho action of ammonia and sulphur on 
acetone, and passing over on distillation between 120^ and 200^ C. (Zeise, Ann. Cb. 
Pharm. xlvii. 43.) 

B&ATXir. Syn. with Elatsbin. 

SXiATXi. Syn. witli ETnYT.KirE. 

SXtSCAMPXir. Syn. with Ikuliit. 

SXiBCTRXCXTT. (Robison’s Mechanical Philosophy^ edited by Brcwst,‘r. 
Ijondon, 1822, iv. 1. — Roget, Library of Useful Knowledge'. Natural Philosophy, vol. 
ii. London, 1828. — Becquorel, TratU experimental deV Kkctriciik ei duMugnkio^un', 
7 tomes, Paris, 1834-1840.— Faraday, Experimental Jtesi arches in Electricity, 3 vul., 
London, 1839-1855. — J. Miiller, L(hrhuch dcr Fhysik und Meteorologies 2 Biiiuh*. 
Braunschweig, 1853. B<L ii. 8. 01,— P. T. Rieas, Die Lihre dtr Reibungs-cUctridtoi, 

2 Biinde. Berlin, 1853. —Do la Rive, TYaitS ^ SUctriciU thiorigm et appliquk. 

3 tomes, Paris, 1864-1858. 

The phenomena displayed by rubbing a piece of amber, constitute one of the earliest 
physiciil facts recorded in the history of science. Thales, of Miletus, ascrilnKl its 
mysterious power of attracting and repelling light bodies to an inherent soul or cs- 
Sr nee, which, awakened by friction, went forth and brought back the small particlea 
floating around. In times near to our own, the same hypothesis was resortt'd to by 
Robert Boyle. From tj^fKTpovs the Greek name of amber, the name “electricity” 
has been applied to tho science which investigates the attractions and repulsions, 
the emission of liglit, explosions, and a variety of physical and chemical phenoinoiui, 
which are produced, not only by the friction of vitreous, resinous, and metallic surfaces, 
but by various other modes of mechanical disturbance, by heat, by chemical action, 
and by magnetism. 

If we rub a glass tube with a diy band or a silk handkerchief, and then approach 
it to bits of paper or cotton, feathers, gold leaf, it will first attract these bodies, and 
f lien repel them. If the tube be held parallel to a table on which they have been laid, 
uii electrical dance will be performed. 

In a dark room, flashes of bluish light will be seen to play about the surface of the 
tube, while it is being nibbed, and on aj^roaching the knuckle to it, a spark will pas^ 
between the two, accompanied by a snapping noise. 

If to tho farther end of the tube we han^ a brass ball, by a thread of linen, hemp, or 
a metallic wire, tho ball will participate with the rubbed tube in its attractive powers. 
But if the ball be suspended by a cord of silk, worsted, or hair, or by a rod of glass, 
wax, or pitch, the attractive and repulsive virtue will not pass into it. 

This last experiment shows that tlie electric power, when developed, parses easilv 
through some bodies and not through others. The former are callea conductors of 
electricity; the latter non-conductors, orinsulators. These last terms must not, 
however, be taken in tlieir absolute sense; there is no known body which is al*solutely 
destitute of the power of conducting electricity : in fact, there is a regular gradation of 
power from the best conductors to tlie worst. 

1. The following is a list of conductors of electricity — that is to say, of bodies 
through which that jjower passes without much resistance — arranged in the order of 
conducting power, tho best conductors standing at the head of the list 
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The 

Charcoal 
inumbago 
Strong acids 
Soot and lamp-black 
Metallic ores 
Metallic oxides 
Pilule acids 
Saline solutions 
Animal fluids 
S**}i-water 


Bain-water 

Ice and snow aboTe 0^ ]?• 

Living vegetables 

Living animals 

Flame 

Smoke 

Vapour 

Salts 

Barefied air 
Dry earths 
Massive minerals. 


The metals differ greatly among themselves in conducting power : the methods of 
ffllimating their relative conducting powers will be described hereafter. 

2. Thelbllowing is a list of electrical non-conductors, in the inverse order of 
their insulating power : — 


Pry metallic oxides, including fused al- 
kaline and earthy hydrates 
Oils, of which the densest are best 
Ice below 0^ of Fahr. 

Pliosphorus 

Pry chalk and lime 

Jjycopodium 

Caoutchouc 

Cainplior 

Massive minerals, non-mctallic 

Marble 

Poroolaia 

Jiiikt'il wood, and dried vogolaMos 
Pry pap< r, parchment, and leather 


Dry gases 

Wool, hair, and feathers 
Dyed silk 
Bleached silk 
Kaw silk 

Glass, and all vitrified bodies, compre- 
hending diamond and ciystallised tranr- 
parent minerals 
Asplialtum 
Wax 
Sulphur 

Resins, including gutta percha 

Amber 

Shellac. 


(hitta percha possesses very great insulating power, but its place in the list has not 
lu'cn determined with certainty; indeed its insulating power varies considerably with 
its fiuulity. Gun-cotton and collodion are likewise excellent insulators. 

All bodies are capable of becoming electric by friction ; but to enable a conducting 
body to exhibit this power when excited, it must be insv^atvd^ that is to say, cut off 
fi’ojii ( lectric communication with the ground : thus, if wo bold a brass rod in the liand 
and rub it, no signs of electricity will bo apparent, because the electricity, as fast as it 
is <lcvcloped, passes along the rod into the hand which holds it, thence through the 
bidy, which is made of conducting materials, into the ground, where it is lost by dif- 
furdon ; but if a metal cylinder be supported on a stem of glass, gutta-percha, or sbcl- 
l:io, or suspended by silk cords, and then rubbed with flannel or beaten with a cat-skin, 
it vtJI acquire the property of attracting light bodies. 

It was formerly supposed that conducting bodies could not be excited by friction : 
hence they were called non-electrics, non-conducting bodies being called electrics ; 
Hio latter term is still often applied to bodies, like glass and shellac, which are the 
niost easily excited by ftdetion, 

Wljcn an excited electric is brought in contact with another non-conducting body, 
Ihe part of the latter touched by the excited body becomes electrical, but tlie power 
does not spread over its surface : but when one point of an insulated metal rod or ball 
Ls touched by an excited electric, the power is immediately communicated to every part 
it ; and if the conductor thus electrified be touched by another insulated conductor, 
the whole surface of that conductor immediately becomes electrified, acquiring the 
p)wer of giving sparks and attracting liglit bodies, and at the same time the electric 
power of the first conductor is diminished in intensity. In fact, the electric power 
oiijziiiully possessed by the one is now distributed between the conductors in the 
proportion of their surfaces. 

The facility with which electricity is communicated from one conducting body to 
another, renders the complete insulation of conductors of great importance in all eloc- 
tncal experiments. Light bodies, such as balls of elder-pith, feathers, &c,, used to 
exhibit attraction and repulsion, are suspended by silk cords : metallic conductors are 
f^pported on rods of glass, gutta-percha, shell-lac^ or sealing-wax. The air when dry 
w an insulator: indeed, if this were not the case, it would be scarcely possible to obtain 
any manifestation of electric power, as it would be diBsipate<l into the atmosphere as 
fast as it was developed; and, in fact, in a damp atmosphere it is very difficult to 
Mam the electric power ou the surface of an^ excited body, as the aqueous vapour 
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poisessefl coiwiderable conducting power. Moreover, the atmospheno »OK>ietitieq^u. 
condenses on the insulating supporte, especially on glw and silk, and completely S 
atroys their insulating power ; hence it is of great importance, when worldng in ^ 
damp atmosphere, to keep the insulating supports as warm as possible, and to mb them 
frequently with a dry cloth. The insulating power of glass is greatly increased by 
covering it with copal varnish. 

The Insulating power of air is likewise diminished by heat ; indeed very hot air 
conducts with great facility. The best way of depriving an excited non-conductor of 
its electric charge is to move it about for a ^bil® a few inches above the flame of a 
spirit-lamp. 

Of thb two ELBCTBicrrres. 


The phenomena above mentioned, that is to say, the attraction and subsequent re- 
pulsion of light bodies, and tlie production of the electric light, are manifested by all 
bodies whatever, when in a state of electric excitement, whether brought into that 
state by friction, or by communication with a previously excited body. In certain 
respects, however^ the electric powers excited in different bodies are opposed to, and 
capable of neutralising, one another. 

Rub a glass tube with silk, and bring it near a feather siwpended by a silken cord ; 
the feather will approach the glass, remain in contact with it for a short time, then fly 
off, and will afterwards be persistently repelled by tlie glass. Now nib a piece of 
sealing-wax with flannel, and bring it near another feather suspendeil on silk : the 
aame phenomena will take place ; but, on the other hand, the feather which is repelled 
by the excited glass is attracted by the excited wax, and that which is repelled by the 
wax is attracted by the glass. Moreover, the two feathers thus electrified attract each 
other, whereas two feathers electrified by contact, either with the glass or with the 
wax, repel each other. 

There are, then, two kinds of eb'ctric force, exactly similar in certain of their mani- 
festations, but directly opposed in others. One of these powers, which is developed 
most frequently, though not invariably, on glass, is sometimes called vitreous elec- 
tricity; and the other, which is most frequently manifested by resinous and waxy 
Iwdies, is called, resinous electricity. The phenomena above described may be 
summed up as follows: — BodUin simHariy electriz'd (both vitreously or IwMi resinously) 
rttprl each other ^ and hodirt duumilarly electrified (one vitreously and the otluT rt;sin- 
ously) attract each other, 

J^juther of these electric powers is ever manifested without the other, though from 
the manner in wliich the excitement is produced, it frequently happens that only one 
Ijecomos apparent. Experiment shows, that in all cases whatever, when two l)^ics ^ 
rubl>ed togetlier, one l>ecome8 vitreously, the other resinously eleetrifiecL Thus, if a 
stick of sealing-wax be rubbed with a piece of flannel attached to the end of a glass 
rod or a stick of baked wood, the wax will acquire resinous, t^ flannel vitreous 
electricity, tlu* one attracting a feather or pith-ball which has been in contact with and 
is repelled Viy the other. In like manner it may be shown, that when glass is ruoMd 
with silk, the glass becomes vitreously, tho silk resinously electrifitiid. If the rubbwr 
in either wise, instead of being fixed on an insulating supjiort, be held in the 
the electricity which it acquires cannot show itself, because it passes through the 
bo^ into the ground. 

The kind of electricity which any given substance acquires by friction is not alw^ 
tho same, but varies acconling to the nature of the substance against which it isrubb^ 
Thus, woollen cloth becomes vitreously electrified when rubb^ against wax 
resinously when rubbed against glass ; glass itself becomes resinous when rubbed wim 
a cat-skin, vitreous when rubbed with cloth. The following table, taken from I>o 
Rive, gives a list of substances, each of which becomes vitreously electrified wn^ 
rubbed with either of those which follow it ; resinously, when rubbed with either oi 
those which precede it : — 


The skin of a cat 
Diamond 
Flannel 
Ivory 

Kock-crystal 
Wool 
Glass 
Cotton 
Linen cloth 
White silk 
The dry hand 


Wood 

Sealing wax 

Colophony 

Amber 

Sulphur 

Caoutchouc 

Gutta percha 

Prepared paper 

Collodion 

Gun-cotton. 
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relation can be pointed out between the nature or constitution of the sub- 
the speciea of electricity which is developed by their mutual friction* The 
Btauces, among the phenomena is, that the rubbing and the rubbed body 

^ r acquire opposite electricities. Sulphur is vitreously electrified when rubbed 
*^ ^^everv metal except lead, and resinously with lead and every other kind of rubber. 
R • ous bodies rubbed against each other acquire alternately the vitreous and re- 
electricity; but, rubbed against all other bodies, they become resinously elec- 
*^'”7 White silk acquires vitreous electricity with black silk, metals, and black cloth; 

resinous with paper, the human hand, hair, and weasers skin. Black silk becomes 
hreously electrical with sealing-wax, but resinously with hares*, weasels’, and ferrets* 
'kins • also with brass, silver, iron, the human hand, and white silk. Woollen cloth is 
stroniily vitreous with zinc and bismuth ; moderately so with silver, copper, lend, and 
eneciilar irim. It is resinous with platinum, gold, tin, nntiniony, grey copper, proto* 
rijlphidi) and hemisulphido of copper, and the sulphides of silver, antimony, and iron. 
Wlicn two ribands of equal surface are excited by drawing one lengthwise over a part 
of the other, that which has suffered friction in its whole length becomes vitreously, 
and the other resinously, electrical. Silk stuffs agitated in the atmosphere with a 
rapid motion, always take the resinous electricity, while the air becomes vitreously 
fl^'i'trifted. The general result which was deduced by Coulomb, from his very nume* 
i-MUs and exact experiments on this subject, is tlie following : — 

When the surfaces of two bodies are rubbed together, tliat whoso component parts 
reredt^ least from each other, or are least disturbed from their natural position of repose, 
appear, in consequence, more disposed to assume the vitreous electricity : this tendency 
angiiients if tlu^ surface experiences a transient compression. Reciprocally, that sur- 
face whose particles deviate most from their ordinaiy position, by the violence of tlio 
edicr, or by any cause whatever, is, for that reason, more disposed to take the resinous 
(Mindition. This tendency increases if the surface undergoes a real dilatation. The 
srn>iiger this opposition of circumstances, the more energetic is the development of 
electricity on the two surfaces. It grows feebler in proportion as their state becomes 
iiiuro similar. Perfect equality would nullify the phenomena, provided it could exist. 
Thus, wljen a dry animal or vegetable substance is rubbed against a rough metallic 
f^urfucc, it exhibits signs of rt'siiious electricity : in this case, its parts are forcibly 
separated. When, on the other hand, it is rubbed on a polished metal, wliich scarcely 
affects il.s surface, or iiuToly compresses the particles, it either affords no evidence of 
t Icetrieity, or it exhibits the vitreous kind. Heat, by dilating the pores, acts on the 
.Mirfaees of bodies as a coarser inibber would do. It disposes them to bike the resinous 
olectricily. Thus, also, new black silk, strongly dyed, being rubbed against a riband 
of white, takes always the resinous electricity. But when the black stuff is worn, and 
the colour faded, if wo open the pores of the white riband by heat, this acquires in its 
turn a greater tendency to the resinous electricity than the black silk, and consequently 
makes it vitreous. Tliis disposition vanishes, as might bo expected, with the acci- 
dental cause that produced it; and the white riband, on becoming cold, reacquires the 
vitreous electricity. The black dye produces on wool the same effect as on silk. A 
white riband, rubl)e(l against white woollen stuff, always gives signs of resinous elec- 
tricity ; but, against wool dyed black, it affords signs of vitreous electricity. 

There are several other ways, besides friction, of developing electricity, viz., by 
beat, by magnetism, by chemical action, and by the change of state of bodies from the 
solid to the liquid and gaseous, and vice versa ; but it is better to defer their considera- 
tion till we have considered the principal properties and effects of electricity developed 
by friction. 

Theory of Electricity. — The facility with which electricity is communicated from 
one body to another, and makes its way to all parts of a conducting liody, or chain of 
conductors, however complex in form, gave rise, at an early stage of the science, to 
tlie idea that it is a fluid ; and the discovery of the opposite characters of vitreously 
and resinously electrified bodies further led to the hypothesis that there exist two 
such fluids or at least two modifications of the same fluid, which, when they exist 
together, neutralise each other’s effect, but when separated manifest themselves in the 
Be^ml ways already noticed. 

Reserving for a future part of this article the discussion as to the comparative merits 
of this theory and others which have been proposed for explaining the phenomena of 
electricity, we shall for the present regard it merely as a convenient mode of linking 
together, and generalising those phenomena, — presenting it for this purpose in the 
form of the following propositions ; 

1. All bodies contain two very mobile, elastic, imponderable fluids, called the 
electric fluids. 

2. The particles of each of these fluids repel each other, and attract those of 
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otber flmd, with forces which are equal at equal distances, hut diminish with incw^ 
of distance. 

3. These fluids are capable of passing from one body to another, and tiavelUn. 
over or through different bodies with different degrees of facility. ™ 

It is easy to see that the theory thus stat^ accords with all the phenomena 
hitherto described. Wlien the two fluids are contained in a body in equal quantiti^ 
their attractiye and repulsive forces, exerted on any particle of either fluid situa^ 
externally to that body, are equal, and neutralise each other, so that no electrical 
phenomena are apparent, but the body appears in its ordinary state. But when, by 
flection or otherwise, a separation of the fluids takes place, and oue of them beconi^ 
accumulated on a body, or a particular part of a body, in greater quantity than the 
other, the excess will sliow itself by attractive and repulsive forces exerted uj>on the 
fluids contained in neighbouring bodies. 

When two movable bodies, pith-balls for instance, are charged with the same hind 
of electricity (say vitreous), the excess of vitreous fluid in each is driven to the outer 
side, where its further progress is prevented by the air, through which it cannot 
readily pass ; it there exerts a pressure on the two balls in opposite directions, causing 
them to recede from one another. If the two bodies are oppositely charged, the 
excess of vitreous electricity of the one, and the resinous electricity of fho other, 
attract each other and accumulate on their contiguous surfaces, where they exert a 
pressure impelling the balls towards each other. If the balls actually come in contact, 
an interchange of the two electric fluids takes place between them, and if they were 
charged with equal quantities of the two fluids, their charges neutralise eacli other 
exactly, and both bodies return to their natural state, no longer appearing electrified. 
If the quantity of vitreous electricity on the one was larger than that of resinous 
electricity on the other, both appear vitreous after contact, and vica 

The neutralisation or union of the opposite electricities may also take place without 
actual contact. Suppose two brass balls supported on insulating stands to be 
oppositely electrified and gradually brought nearer to each other. As they approach, 
the opposite electric fluids will bo dmwn more and more to the nearest points of tfudr 
surfaces, and at length the attraction between them will become strong enough to 
overcome the resistance of the intervening air. I'he union of the opposite electricitit^ 
then takes place through the air in the form of an electric spark, longer and brighter, 
as the quantities of the opposite fluids present on the balls are greater. If the balls 
cannot be brought near enough, the union of their opposite electricities may he 
effected by connecting them by means of an insulated metal rod or other conductor. 
In either case, the balls after being connected, appear neutral or similarly charged, 
according as their opposite charges were equal or unequal. 

The union of the opposite electricities in either of the ways above mentioned is 
called the electric discharge. In the case just considered, it is instantaneous ; but 
suppose the two brass balls or other conducting bodies, to be connected, one with & 
eotistant source of vitreous, the other with a constant source of resinous electricity, 
and a eommunication made between them by a rod or wire of metal : in that case, an 
uninterrupted series of charges and discharges of the opposite electricities will take 
place along the conducting chain. This is called the electric current; w'C may 
suppose indeed that a stream of vitreous electricity is flowing through the conductors 
in one direction, and a stream of resinous electricity in the other, during the whole 
time that the action is kept up. 

^ectricity in the state of discharge, whether sudden or continuous, is 
dynamic electricity, that is, electricity in motion; in the charged state it is 
called statical electricity, or electricity of tension. 


The opposite electricities are now most frequently distinguished by the terms 

{ lositive and negative, the former being used synonymously with vitreous, the 
atter with resinous electricity. It must be distinctly understood, however, that there 
is nothing in the first mentioned kind of electricity (that commonly developed on glass) 
to entitle it to be considered more i^itive than the other. The terms positive mu 
negative as applied to the two electricities, are intended merely to indicate opposition 
of properties and the power of mutual neutralisation. It is often convenient to 
abbreviate them into + 1C and — 


£lbctbxgax Machines. 

For the study of electrical phenomena, it is necessary to have means of liberating the 
electric flui^ in larger quantity than is pc^ible by tbe simple apparatus hitherto 
mentioned. Machines for this puipose consist of a cylinder or circular plate of 
turning on a horisontal axis and nibbing against a cushion of silk or leather. The 
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tlnuuqni'^ a ehnge of pooitiTe orTitreons electricity, which is tnndlBRed toaft 

. • Ilf. Al* 


“X 370 represents s cylinder machine. 

(.Itis attached to a hollow brass cyUnder supported on glass legs, 
f the cushion is attached a silk flap which Ues over the upper part ( 
n. L other side of the glass cylinder is another brass conductor, called 

»1e>cia Isirwa oni^ Via-Tincw Ati f^A oit^A nnvf fliA r 


The tylinder ruba against the cushion, 
To the upper edge 
ler. 

le prtnie con- 


h 'tor hIso supported on glass legs, and haTing on the side next to the glass cylinder a 
nfnointed wires, fixed to it on a level with the axis of the cylinder; these are for 
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-Fig. 370. 



U,f purpose of facUitating the pas^ 
r)f the elfctricity from the glass cyhn- 
\(.T to the conductor, as will bo pre- 
it'uflv explained. 

Tile cushion is covered with an amul- 
ram of mercury, tin, and zinc, mixed up 
rt pasty consistence with tallow-greaso 
)r lard. This amalgam is found to be 
IiL* best of all exciters for glass. A 
fiA proportion of the ingredients is 65 
its. mercury, 24 tin, and U zinc. They 
,!,oulil 1 h 5 melted together and con- 
it .lutly stirred. Bisulphide of tin is 
ilsio a good material for covering the 
libber; but it is troublesome to prepare. 

On turning the cylinder, the glass 
ii'iiuircs positive electricity, the cushion 
inJ tlic lirass conductor attached to it 
i-gatiru electricity, and the positive 

f harge of tlie glass is transferred to thoprimo conductor. If both conductors are insulated, 
tlie cliarge ou ejicli of them soon reaches its maximum ; that is to say, the transfer 
of + K to the glass, and of —A’ to the cushion, soon becomes os great as the machine is 
capable of effecting ; but if the negative conductor is connected vith the ground by 
a bnui? chain or wire, the - E developed on Uic cushion is at once carried away, and 
an iqiuil quantity of + E is transferred to the glass cylinder, and thence to the prime 
corubictor, which wdll then give off its positive chaise in long bright sparks to any con- 
ducting body brought near it If, on the other hand, the positive conductor bo connected 
with tlie ground, and the negative conductor insulated, the + E is continuously carried 
away into the eartli, and an equal quantity of - A is transferred from the prime con- 
ductor to the glass cylinder, and thence to the negative conductor, which then acquires a 
higli negative charge, and will also give bright sparks to any conductor presented to 
it. If !)oth conductors are insulated, and jointed brass rods terminated by knobs 
in.scrtcd iuto them and brought witliin a short distance of each other, the +£■ rfud 
~ A recombine in a continuous series of sparks us long as the machine is worked. If 
the Icrminal knobs are brought very close to each other, the sparks are small but more 
coritiiuious than when the interval between the knobs is greater; and if the two knoba 
arc brought into actual contact, no sparks pass, 

Hud, indeed, neither conductor shows any signs 
of charge, either by giving sparks or by attract- 
ing light bodies; nevertheless, as long as the 
lUHchino is worked, the separation of the two 
electricities is going on at the surface of contact 
of the glass and cushion ; the + A is being 
trun.sferred to the one conductor, the — A to 
the other, and the two are continually re- 
uniting along the connecting brass rods ; in 
snort, an electric current is established 
1 1 rough the machine, and though it does not 
phow itself in any of the ways just mentioned, 
be made to produce a variety of effect® 
which will be described hereafter. 

The plate-machine represented in fig. 371 
will be understood without special descrip- 
tion. Various forms are ^ven to it In that 
jhown in the figure, which is the ordinary 
form, the rubber is uninsulated, so that there 
no means of obtaining negative electricity, 

' JJhI to insulate the cushions of a plate machine introduces considerable complicatioo. 
Cur this reason cylinder machines arc the more coDveuient for the purpose of illustfatlii|; 


Fig. 871. 
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tho principles of the science. When, on the other hand, it is merelr reanired to oUtin 
one Kind of electricity, as for investigating the effects of the electnc discharge o 
current on bodies through which it passes, plate machines are usually preferred, J 
they are more compact, and yield a greater quantity of electricity from a given surface 
of glass. 

Becently, ebonite (hardened caoutchouc) has come much into use instead of glaag 

S late electrical machines ; it produces powerful electric excitement, and does not coa. 

ense moisture on its surface so readily as glaM does ; hence, while new, it is Ixitter 
adapted for use in damp weather ; but the friction of the rubber destroys the polish of 
its surface, whereby its efficiency as a source of electricity is ^ally diniiuisljed. 
The electricity obtained from the prime conductor of a machine with an ebonite plate 
is resinous or negative electricity. 

Electroscopes and Electbombtebs, 

An electroscope is an instrument for indicating tho presence of electricity in a state 


Fig. 372. 
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of charge or tension, by means of tho attraction and 
repulsion of light bodies. In this sense any h'ght 
body, such as a feather or a pith-ball, suspended by a 
silk line, may bo regarded as an electroscope. Two 
pith-balls connected by a linen or cotton thread, which 
IS a conductor, and hung over an insulated metal rod 
to which a charge is communicated, will indicate its 
presence by their divergence. For detecting small 
charges of electricity, the gold-leaf electroscope 
372,) is a very convenient and indeed indispensable in- 
strument It consists of a glass jar open at both ends, 
and supported on a wooden stand covered with tin foil. 
Tho neck is closed with a cap, through which there 
passes a brass rod c, to the lower extremity of wliich 
aro attached two strips of gold-leaf or Dutch metal ; 
to the upper end of the rod c is attached a brass cap 
b, A charge of electricity communicated to this cap is 
immediately transferred to tho leaves, and causes them 
to diverge. As a strong charge sometimes causes the 
leaves to strike against the sides of the glass, thereby 
giving it a charge of electricity, which, if retained, 
would disturb the indications of the instrument, two 
strips of tin foil, e /, are pasted on the inside of the 
jar, so that when the loaves strike against them, the 
charge may be immediately carried down into tlic 
stand, and thus got rid of. Where very great delicacy 
is not required, it is best to use leaves of Dutch metal 
as they are easily replaced when injured ; but for greater 
delicacy gold leaves must be used. The sensitive- 
ness of the instrument is greatly increased by certain 
additions, to be afterwards described- 

To test the kind and degree of change of an elec- 
trified body by means of this instrument, the body is 
touched with a small brass ball suspended by a silk 
line, or with an instrument called a proof ^ane^ con- 
sisting of a small disc of gilt paper attached to a thin 
stick of shellac, and the ball or plane is then brought 
in contact with tho cap of the el^trosoope. Th® 
degree of divergence of the leaves gives an approxi- 
mate indication of the strength of the charge ; and its 
nature, whether positive or negative, may be known 
by holding above the cap an excited glass rod, which 
increases or diminishes the divergence of the leaves, 
according to the kind of electricity with which they 
are chaiged. For a description ef Peltier's electro- 
scope, see Peltier, (Ann. Ch. Phys. [2] bdi 422), also 
B i e 8 s {RHbungs-Electricit 'dt^ i. 64). 

An eUctromter is an instriiment for measuring 
quantitatively the charge of an electrified body. 
one most used is the torsion balance or torsion 
#}«etroiDeterof Oouloiaib, represented in/y.373. It consistsofa glassease 
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ofcvlindncal or cubical form, surmounted by a yertical glass tube about 2 feet high j 
through the axis of the tube there poswes a silrer wipe or a glass thread, carrying at 
ita lower extremity a brass weight, which stretches it, and through which there passes 
a needle of shell-lac, terminated by gilt pith-balls, «/. The wire or glass thread is 
listened at its upper extremity to a button, b, which moves stiffly in the cap, and carries 
^ index, f, raonng over a graduated circle, to measure the angle through which the 
thread is twisted. In the cover of the glass case there is a latcnil aperture, for 
introducing a gilt pith ball attached to a shellac stem, this ball having the same dia- 
meter as those at the end of the needle (sometimes proof planes are substituted for the 
balls). This ball, after having been brought in contact with the body whose electric 
charge is to be measured, is introduced into the glass case, as shown in the figure, where 
it first attracts the ball c, and then having charged it, repels it to a certain distance, 
which may be measured in degrees on the divided circle. Now when a thread or wire 
is twisted, the force with which it tends to untwist increases in direct proportion to 
the angle of torsion. Thus, if one electric charge drives the movable ball to 10® 
from the fixed ball and another drives it 20®, the repulsive force in the second case is 
twice as great as in the first. But the usual mode of working with the torsion 
balance is, after having communicated tho cliarge to the movable ball, and driven it 
(.jf, to twist the thread the contrary way, till the movable ball is brought within a 
certain distance of the fixed ball. Suppose that this distance is 10®, and the thread 
lias l>cen twisted through 20.® ; then tiro total force of torsion is 30®, for the thread is 
twisted through 10® at tho bottom and 20® at the top. The use of the instrument 
will bo illustrated by describing its application to the investigation of the 


Laws of Elkctkic Attraction and Repulsion. 

1. Wifh regard to distance. — Let the fixed ball be charged from the conductor of 
an electrical machine, and its cliarge communicated to the movable ball os above de- 
^^Tibed. f^iipposo the movable ball to become stationary at 36® from the fixed ball, 
rhe thread or wire having beoii previously quite untwisted. Now let the wire be 
fwisbHl till tho movable ball is brought to 18® distance from the fixed ball; for this 
it. will 1)0 found uccossary to twist the wire through 126®, making the entire torsion 
ftinal to 126® + 18® « 144®. Next let tlio wire be further twisted till the distance 
iK'twcen the two balls is reduced to 9®; this will retiuire the wire to be twisted 
through 667®, making the entire torsion « 667® + 9® = 676®. The forces required 
to keep the l)alls at 36®, 18®, and 9® apart are therefore as the numbers 36, 144, 676, 
t'nat is to say, when tho distances are as 1 : ^ 
the repulsive forces ore as , . 1 : 4 : 16 ; 

lienee i/ie n'pjdsirc force exerted between two bodies similarly electrified varies inversely 
tf'S thi' square of the distance. 

In like manner by charging tho fixed and movable balls with opposite electricities, 

It iu:iy ] )c showTi tliat the attractive force follows the same law. 

2- With regard to quantity. — Coulomb’s method of determining the manner in which 
the attractive or repulsive force between two electrified bodies varies with the quan- 
tities of freo electricity contained in them, is based upon the obvious assumption that 
it two efpjal and similar insulated conductors, two equal metallic sphere.s, for example, 

•c < Icctrifird and placed in contact, the electric charge will be divided equally between 
t icnj. Thi.s being gran tefl, the law in question may l>e inve.stigateti as follows; — 
hscrye tlu* force of torsion which at a certain distance equilibrates the attractive or 
r» pulsive force exerted between the fixed and movable ball of the torsion balance, 

" hich, as already observed, are of equal diameter. Now take a third gilt ball, likewiso 
th k insulated, but not electrified, and touch with it the fixed ball of 

he balance. Tliis contact deprives the fixed ball of half its electricity, the charge of 
no movable ball remaining unaltered. It null then bo found thot the force of tor- 
jifn required to keep the balls at the same distsince is only half what it was before, 
ine elec^tricity of the movable ball be then reduced to one-half in the same manner, 

10 Ibrce required to keep it at the same distance will be reduced to one-fourth of its 
fogiiial amount, and by again reducing the charge of either ball one-hal^ the force re- 
reduced to one-eighth of the original amount. Hence; At a given 
Jfl and reptdsive forces exerted htwetm two electrified bodies are as 

If IJ^’ quantities of free electricity contained in them. 

t then E, E' are the quantities of free electricity in two bodies, and D the distance 
them, the attractive or repulsive force between them is represented by the 
equation : ^ ^ 
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This lnw is, h^wsvw, sulgect to mocliflcation, depending on tlie fonn of tlw ho^^tA 
on the mode of distribution of the electric charge upon it Like the Uw of grinta 
tion, it IS strictly true only for material points, or for spheres, which act U[K)n on« 
another like material points situated at their respective centres, or for other bodies 
whose dimensions are insignificant as compared with the distances between them. More. 
creTj^vhen two charged bodies are in presence of one another, the distribution of the 
charge on each is not the same os if the other were removed ; and this also materihlly 
aifbets the magnitude of the resultant* attractive or repulsive force exerted lotwetn 
them. Coulomb’s experiments, which were made with spheres, may, however, he re. 
carded as proving that the attraction and repulsion between the ultimate particles of 
tixe electric fluids follow the law of the inverse squares. 
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In consequence of the mutual repulsion of the particles of each of the electric fluids, 
and the facility with which they cun traverse conducting bodies, it follows, that anj 
charge of electricity communicated to an insulated conductor 'mil be confined to its 
surface, the interior remaining in the neutral state ; for even if a charge of either 
electricity be communicated to the interior of a solid conductor, the mutual 
repidsion of its particles will drive it to the surface, where it will be retained 
by the insulating power of the air, or other surrounding non-conductor. Tlie experi- 
mental proof of this proposition is easy. Charge an insulated metallic vessel of any 
shape whatever with electricity from the conductor of a machine; toncli (litlVrent 
parts of its surface with a proof-plane or carrier-ball, (p. 380), and then bring tlie plane 
pr ball in conUict with a gold-leaf electroscope; the external surface will he found 
strongly charged, while the inner surface exhibits no clmrge whatever, and this will he 
the case even though the external surface is charged sufBeiintly to give strong spyrks. 

It follows f^pom this, that a charge of electricity is distributed between two con- 
doctors in contact in proportion to their surfaces, not to their masses. Coulomb gnvo 
experimental proof of this by observing the repulsive force between tlie two balls of 
the torsion balance, before and after the fixed ball had been tonch(‘d with a third ball 
of exactly the same size, likc’wiso insulated but unelectrili<*d. Whether this third l>all 
was solid or hollow, mode of copper, lead, or any otluT metal, of wood, cork, or elder- 
pith, or, in short, of any conducting substance wliatever, it always took aw*ay from the 
fixed ball of the torsion balance half the electricity which it possessed. If the un- 
electriflod ball had a double surface, the electric charge of the fixed ball of tho torsion 
balance was reduced to a third of its original amount ; and in all eases, the charge was 
found to be distributed between the two in tlie proportion of their surfaces. 


J>is(ribution of dect/icity on surfaces of diffcrint for ms. hen an insulated metallic 
f^phere placed at a considerable distanco from all otlicr conducting bo<lies is chargrd 
with eU'ctricity of eitlier kind, all tho points of its surface aro found to be chaigcd in 
the same degree : this may be shown by means of the proof-plane and torsion balance, 
as already described. This unifonnity of charge implies that the electric fluid is cli«- 
1 ributed over the surface of the sjihere in a stratum of uniform thickness ; for if there 
were more at one point than at another, the proof-plane would then receive a higher 
charge. This mode of distribution is a direct consequence of the law of variation of 
force according to the inverse squares of the distances. To show this, let the circle iy d 
374) represent a section through tho centre of a conducting sphere charged — 8»y 
with + E, It is clear that when the whole is in a 
Ftf/. 374. state of equilibrium, any particle of positive electricity 

</, within the sphere must be equally repelled by tho 
portions of electric fluid situated on opposite parts of 
the surface, and any particle of negative electncity 
f'qually attracted by such opposite portions. Pra'W 
through a two straight lines cfq/’, gah, making a 
small angle with each other, and suppose them to 
revolve round the line boo bisecting the angle aag* 
They will then trace out two sniiill conical spaces, the 
buses of which ore portions of tlie spherical surface. 
The condition of equilibrium of the particle a is 1^'** 
the action exerted upon it by the fluid on the portions 
of surfaces dg and /A, must be oquaL Now the 
action of any particle in the surface dg on «i w to 
that of a particle in fh n8(rtc)*l<> (uA)* ; therefore), to ensure equilibrium, the quantity 
0 f electricity on the surface dg must be to that on fh as {ad)- to {aef ; but these 
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mrfoiws Uiemwlvei are to one another in the same ratio ; hence it follows, that the 
fhicknesa of the stratum of electric fluid on da must be the same as that on fh. If, 
for example, ab - 2ac, then the quantity of electricity on dg must be four times as 
mat that on /h ; but the surface dg = 4J'h ; and it is evident that a fourfold 
spread over a fourfold surface must form a stratum of the same thicknqa^ 

^ But m an oval-shapod body, such as that represented in section in Jig, 375, a Bij^lar 
construction will show that the electric fluid must be accumulated in a thicker stratum 
towards the narrow ends. For in this 

case the surface dg bears to fh a ratio Fig, 376. 

mater than that oi{ahy to {ac)\ greater 
therefore than the ratio of the quantity 
of electricity on dg to that on fh ; con- 
Be 4 ucntly, the thickness of the stratum 
of fluid in dg must be less than that 
on JX In the case of an ellipsoid of 
revolution, mathematical analysis shows 
that the thicknesses of the electrical stra- 
tum :it the oiids of the axes are directly 
tw the lengths of those axes ; and this 
concliLsion is confirmed by experiments with the torsion balance. 

In general, all elongated conductois exhibit an excess of electrical charge towards 
their extremities. A cylinder 6 centimetres in diameter and 85 centimetres long, with 
hemispherical ends, was found by Coulomb to exhibit at the extremities an electric 
charge 2*3 times as great as in the middle; at 25 centimetres from the extremities, the 
cliJirge was 1*25 times as great as in the middle. In a prismatic conductor, the dis- 
tribution is similar; in a thin plate, the thickness of the electric stratum increases 

rapidly from the middle towards the edges. Now the tendency of electricity to escape 
from any part of a chiu-ged conductor, increases rapidly with tlie thickness of the 
stratum of elcotrie fluid at that point, in consequence of the crowding together of h 
greater number of mutually repulsive particles within a given space. Hence it follows 
that elongated conductors, suen as |:)ointed rods, will discharge electricity much mors 
rapidly than rounded ones; indeed, when a pointed rod or 
wire is inserted into tlie conductor of an electrical machine, it 
is impiossihlo to obtain large sparks from it, how’cver quickly 
the niMcliine may be worked, the charge being raphlly dissipated 
from the point. Hence, to retain the charge on the surface of a 
conductor, that surface must be well polished, and free from all 
J^harp projections. 

The diseliarge of electricity from a pointed jcoiiductor gives 
rise to a rapid charging of tlie surrouiidirig particles of air, and 
lliese particles becoming electrified, similarly to the conductor, 
are quickly repelled from it, and produce a wind, blowing as it 
were froiu the extremity of the conductor. Moreover, since 
the repulsion is mutual, if the pointed conductor be movable, 

It will bo impelled in tbe opposite direction to the stream of 
uir. Thus, if a cross formed of brass wires, having their ends bent in one direction, 
a« 376, be supported by a cap on a pointed rod inserted into tlie conductor of 
an electrical machine in action, it will roUito in a direction opjposite to that in wliich 
tlu* jioints are turned. 

Quaiititg and Intensity of Charge. — The same quantity of electricity exhibits very 
aiiToronl degrees of repulsive force, according to the way in which it is distribute! 
Iliua a quantity of electricity which, when communicated to an insulated metallic ball, 
exerts a repulsive force equivalent to a torsion of 10°, will exert only half that force, 
or 5 , when distributed over two such spheres of the same diameter (p. 381). This is 
n ''<iuently expressed by saying that the intensity of the charge in the fii^t case is double 
ta.it in the second. Intensity, in fact, denotes the tendency of electricity to escape from 
.my space in which it is confined, and its power of overcoming obstacles to its passage, 
lu- terra is applied with reference to electricity much in the same way as tempera^ 
with respect to heat. Just as a pint of water at 100° C. can produce many emecta 
^ ol water at 50° cannot, e.g, causing alcohol to boil, fat to melt, &c., 

a t.iough the quantity of heat in the latter (as measured by the quantity of ice that ii ' 
}'*! ! cooling to 0°) is greater than in the former ; so likewise a small quan- 

jy of electricity confined in a small space exerts a much greater r^ulsive force 
‘au a larger quantity distributed over a comparatively larger space. The intensity 
lan electric charge is, in fact, proportional to the square of the thickness of the 
e electric fluid on the surface of the charged body. For tbe repulsive force 

i<irtcd between any two portions o^f the same electric fluid at a given distance varies 
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p. 381), ai«d if they are both incraaaed n tim« m. 

tuBACi fimM fVi^ .1 ... * 


as the proda^ < 
vapalfliTe forc^ 
escape from . 
any one poiiii 

faaed over the rest bf the surface. If now the quantity of free electricity contain \ ‘ 
the body be doubled, the thickness of the superiicial stratum will be doubled at n 
jpoints; consequently the repulsive force between tl^portions of electricity at any t 
points will be quadrupled. Anc^ in general, if the quantity is increased n times 
intensity or tendency to escape increases times. ’ ^ 



DbVELOPMKNT of ElKCTRICITT by IjiDUCTTON OK Ini'luencb. 

- A body cht^ed with electricity and brought into the neighbourhood of an insulated 
^nductor in its natural stato, produces an immediate separation of the electric lluH 
indhat body, repelling that of tho same kind with its own charge, and aftractinc that 
of the opposite kind. Tims, let an insulated metallic cylinder B C (fig, 377 )^ havinc 
number of pith-ball electroscopes suspended from it, bo brought near a body A, diarj^r d 


Fig. 377. 



\Hth + Ef but not near enough to allow a spark to pass between them. The eleetroseop<‘f 
hear the extremities of the cylinder will immediately diverge, while those i](‘ar the 
middle keep their natural position. On tho removal of tho charged ball, they all fall 
down again, and resume th(*ir divei^eiit position when it again approaches the ( y. 
linder. Further, if a pith4>all suspended on silk and charged with E, be held neiu 
different parts of the cylinder while the ball A is in position, it will bo attracted at the 
end nearest to A, repelled at the farther end, and neither attracted nor repelled near the 
middle, showing that the near end exhibits electricity opposite to that of A, and tla 
farther end the same electricity as A, The same may be further shown by touching 
the different parts of the cylin<lor witli a proof-plane, and transferring tho charges to 
an electroscope ; this mode of testing also shows that there is, sornowhoro between tlie 
extremities of the cylinder, a neutral line, where neither kind of electricity prodojni- 
nates. The exact position of this line and tho distribution of the opposite electrici- 
ties on either side of it varies with the dimensions of the cylinder, its distance from 
the charged body A, and the strengtli of the charge of A. When the charged Ijody A 
is removed, the two electricities in B C reunite, and this body no longer exhibits any 
electric excitemenb provided always that tho two bodies liave never been brought near 
enough to allow of an interchange of their opfwsite electricities in the form of a spark, 
and that B C has remained insu luted ail the time. 

Suppose now that while B C is under the influence of A, a second insulated conduct- 
ing cylinder is joined on to the end C. The + E will then be driven into this second 
cylinder, and the first will exhibit — over tho greater part of its s^irflice. Now se- 
pal^ the two cylinders, and then remove the body A. The first cylinder then re- 
mains permanently n^ative and the second positive. Suppose, in the next place, that 
the cylinder B C, while under the influence of A, is touched with the finger. The + B 
will then be driven into the ground, the cylinder will remain negative, and if it be again 
insulated before A is removed, it will remain permanently negative. This eflfect may 
et^y bo shown by the gold-leaf electroscope. On holding over the cap an excitea 
of sealing wax, the E of the electroscope is drawn up into the cap, and the — A’ 
driven into tho leaves, which then diverge ; on removing the scaling wax, the two electri- 
mtiee recombine, and the leaves collajpee ; but if, while the excited wax is held over the 
electroscope, the cap be touched with the finger, the leaves collapse, because the — Ai 
which made them oivei^, is driven into the ground ; if tho finger be then removed, 
the sealing-wax remaining in position, the leaves will still hang vertically ; but on 
t&en removing the wax, they instantly diverge with a positive charge, because the 
pbeitive electricity previously retained in tlie cap by the attraction of the oi the 
enited wax, now distributes itself uniformly through the cap, wirov and leaves, which 
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tfinfl acquiw a permanent poaitivo charge. On again apprm 
other negatively electrified body» they collapse ; but the app 
. I ftioni ^liv^‘rere more widolv. This is the most ontn 


the dxcit<<^ wax or 

ivcij w wv.*—-'- — an excited glass 
Uj’Ik^ niakcs them diverge more widely. This is the most convenient W|^ of using the 
goMdeaf electroscope to seo whether the charge of a given body is .pbsitS’© or negative. 
^ The separation of the electric fluids in a neutral body under the influ^co of an elec- 
tritifd IxJtiy vUctHsation by inducthm or injlumce. It is evident that a body 

eliarged with either kind of electmcity must exert this influence on all the bodies in ita 
ntighhmirliood, separating their ^ectric fluids with more or less facility, according to 
their conducting powders. When a light body, such as a feather, is brought near an 
ilectriticd body, the opposite electricity is developed on the nearer side of the feather, 
aiul flic imitual attraction of the opposite electricities causes the feather to approach 
the <‘xrited body. The attraction of neutral by charged bodies is, therefore, merely a 
particular ojise of the mutual attraction between the opj)osito electrieitiea. 

It is evident that the influenee of a charged body on the electric fluids of neigh- 
bniring bodies will bo exerted eqiuilly whether they arc previously in their natursil 
state or not. AVhcii two bodies siniilnrly charged, say both with +A’, are brought 
iii-ar each other, the mutual repulsion of the similar clectrieities cau.sea them to aecu- 
iimlate on tho.se points of the surfaces w’hich are farthest from each other. On the 
othi-r hand, if they are oppositely charged, the mutual attraction of the -f ii^aiid —E 
o:iiisos them to aoeumulate in greatest (jiiantity on the contiguous portions of the sui- 
faros. When a body containing exctvss of +E is brought near a neutral body, 
as M OiJlii. U77), the -E drawn to the nearer end of that body act. s upon tho 4 - A’of A] 
oiiiisiijiritto accuniulate on the part of Anear< .st toB ; and this again cause.s a fui tluT 
th.w of - A’ to B, and thus the action goes on till, if the bodies arc not too far apart, 
fill' mutual attraction of the o}*po.sitc electricities is strong enough to overcome the ro- 
Mstamv of the air or other intervening imsuhitor, and an intercliango of tlie two takes 
J>l;uv ill file form of a spark, the result being that the previously electrified hody h/is 
it^; eliai-'ro diiiiiiiished, and the .previously neutral body, if insulated, becomes perina- 
ii- iifly charged with the same kind of electricity as A. 

We proeecd to ai^ply tlio preceding jirinciples to the construction of several useful 
clectr’ieal iiistrunieiits. 

The Slectrophorus. — This instrument con.si.sts of a cake or plate A (Jir/. Z7H) of 
soiiM' iiiatorial easily excited hy friction, as glass, elionitc, gulta iierclia, or resinous 
iicxfiir. > of various kinds, resting on a metallic plate B, called 
tiif '^olc, and provided w’ifh a motalliccover C, W'hich simply 
iij-oii it, and can he removed hy an insulating handle 11. 

A - 0 . 1(1 uiahTial for the cake, according to Bdttgor, is 6 pts. 

fi iiiastii?, 2 Venice turjientine, and 1 marine glue, (a 
piixiure of sliellae, coal-tar, and caoutchouc, i. 73D). 1'Jiis 
imxtiuv must be carefully heated over a lire, so that when 
I 'uuvil out. it may have no air bubbles on its surface, rfatf 
rp '-mnicnds a niixtun' of 8 pt.s. colophony, 1 shellac, and I 

\ riiii'f turpentine. Shellac mixed only with 10 per cent. 

HU '0 turpentim* is still better, but dearer. Eitheroftho.se resinous mixtuivs is 
piirf.i(^> ebonite, becau.se it does imt condense moisture so ca.sily on its 

Tie- resinous cake, wdieii beaten with a cat-.skin, becorne.s negatively electrified 
mn rin. cover i.s laid upon it, no cornmnnitmtion of electricity takes place from one 
t; ... 0 l,„, l.„t tl,e -K on tlio surfu..., of tho o:,ko acts ina.,ct.rcl.y on th,, elc..rr!.. 

' 0 thereover, attracting the + to tho lower surface and rep<‘lling tlio —E to 

• upper. It Mio cover be lifted up by its insulating handle, tin* electric lluids rciinih^ 
)Ver aODPiirs norfuntlv noiili'ul Itiif if nrUiln .’«• . i •. 


riff. m. 

d 


-Ll '--o , 


.,,,.1 , ju.-umuuj; Jiiiijiue, um ClCCirJC IIUKls rCUMltc, 

touche i perfectly neutral. But if, while it rests on the cake, it bo 

uui. a with file finger, tho on its upper surfaro is driven away, and more 
insnVr removing the finger and then raising the cover by its 

strongly positix'e and gives briglit sparks. On dis- 
i replacing it again touching it with the finger, insulating, and 

^ handle, it will again bo found charged with + E as strongly as 

ns tho L ^ ^ cliarging of the cover may be repeated any number of times, a.s loDtt 
will I retains its negative charge, which in a dry atmosphere it 

m ^ on the cake aud the apparatus 

If ri ^ ^ plrtce. It will retain its charge, for montlis. 
eltvir' material which becomes positive by friction, bo used as the 
ric, the cover will of course acquire a negative charge. 

^*l^<^lrophonis is a very convenient iiisfrument to the chemist., as it surmlies a 
means of obtaininR a spark for tlio explosion of Rusoons mixtiOTs. 

On tht “ contrirancefor inerpasinptlie .lelieacy of eloctrosoopes. 

he cover of a gold-leaf electroscope (fig. 379) is laid a circular brass plate. wS 
' **« • II. CO 
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polished; end on this is laid anothop brass plate of the same diameter, providid with 
an i tilim U ljTig handle, and coTered on its lower surface with copal varnish, to prevent 
‘metallic contact between the plates. Let the lowef plate c, be connected with a foel.le 
Bonrce of electndtj (say +-K) not strong enough to produce a sensible deflection of 
the gold-leaves. Now touch the upper plate b with the finger. The + fi in ^ 
will then decompose the electric fluid in driving the +E away, and causing ^ 

flow of —E to the lower surface of b ; this - E 
tlion draw more + E into a, and this again wiirdraw 
more —E to the lower surface of 6, and thus ttic 
action will go on till a quantity of + E is a(‘cuiniil:ited 
on a, much larger than it would otherwise have 
acquired. Now disconnect a with the source* of 
electricity, and lift up the plate b. The E aetnimu- 
lated on a will then diffuse itself through the elfc- 
troscoj)e, and cause the leaves to diverge. In thig 
way, decided indications of electric action may often 
be obtained from sources too feeble to produce a 
deflection of tlie electroscope by direct eomniunicjition. 
Instead of using tlie instrument in the way just de- 
scribed, the upper plate may be connected with tlie 
source of electricity and the low'er plate witli tin* ground; 
in this case, the action will take place in a similar 
manner, but tlio electricity with which the leaves 
diverge wdll bo of the opposite kind to that of the 
source. 

Coated Plate and Xieyden Jar.— Let n 

glass plate C {fig. 380) coated on both sides with tin-fui] 
to within about 2 inches of its edges, and having a pii h- 
ball suspended by a thin silver wire attached to carli 
coating, be placed near the conductor of an elect rirnl 
machine, so that + E may bo communicatr'd to one nf 
its coatings while the otluT n, remains insuliitrd. 
Both the pitb-balls immediately stand out, and the 
approach of an excited glass rod shows that b as well 
as a has received a positive cliarge. The cause of 
this is obvious. The + E communicated to the coating 
p from the machine di*aw8 the --E of the opposite 
coating n towards the surface of the ghiss, and repels 
the + E to the outer surface of w, and into tho hall b. 
While the coating n remains insulated, + /Vcontiuuis 
to flow into the coating p, till a pwticle of it is rcp«‘llcd 
as strongly in one direction by tho action of tho 4 L on 
the two coatings p, w, as it is urged in tho contrary di- 
rection by the + E in the conductor of the niacliinc. 
When this point is attained, tho electricity begins to 
start out fn)m tho edges of the coating p in sparks 
and streams in all directions. Now connect n with 
the ground. Immediately the state of temsioii ol tho 
electricity on p appears relieved, and tho escape of 
electricity from its edges ceases ; in fact the + E en 
the outer surface of n has been driven aw'ay into the 
^und, and — L" has entered in its place; this 
draws the + E on p more towards the surface of tke 

class, and enables more + E to enter it from the machine ; and this action will gn 
V... * ... .. t:. 1 ...a __ a _ 1 t — 1 , -which has 




till a particle of + .B about to enter is as much repelled by the + J 
already entered p, as it is attracted by the - B on the opposite coating n, r" 
pellod by tho + E in the conductor of the machine. During all this time, the 


p roraains active towards external bodies, giving sparks when touched, and 
the ball a to stand out, while 7i remains neutral to external bodies, altuougn 
contains a large excess of — B. This must indeed be the case ; for so long aa n reman 
uninsulated, -f B will flow out of it, till a particle on the outer surface 
attracted by the — B on tho rest of the coating as it is repelled by the + B on p- 
Further, it is evident that to produce this equilibrium on w, the quantity of + B on p 
must bo absolutely greater than tliat of the — B on w, because the former 
h * greater distance on any particle of electricity in n. But from this it also to 
that the coating p must contain free +B ; because the —B on #f, being 
in quantity than the + B on jp, and likewise acting at a greater distance eanws 
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.. whole of it. Hejice on removing the apparatus from the maohinei and 
n with the earth, n appears active, giving sparks and repelling the ball 
71 is neutral and the ball b hangs vertically. Now touch p with the finger or" 
'' tther uninsulated conductor; immediately becomes neutral, for the same reason 
was neutral before, that is to say, + i? is driven out of it, till the action of 
^ + instill remaining on it is neutralised by the — A’ on w. Then, as before, it 
Allows Vhat the quantity of this — £'miist now be greater than that of the -fi^on 
■ conseqtiently, a portion of the —E on n will be free, tlio pith-ball i will stand 
^ \ and the coating n will give a spark to any conductor which approaches it. In 
t*h'8 wav each coating may bo alternately rendered neutral and active, a cci-tain 
Hjrtioa oV -f K being each time taken from the one, and — ^ from the other, till 
Lh aro restored to their natural state. 

The accumulating power of the coated plate may bo approximately estimated as 

the quantity of +E which the coating p can take up, w'hen ti is insulated, bo 
dt'not(‘il by 1 ; anS suppose the thickness of the })late to be such that this quantity 1 
on p can neutralise on n a quantity of denoted by /t, a fraction less tlian 1. 
1'fion ponTi will neutralise /i* on p ; this will neutralise fi^ on w, and so on. Conso- 
qiieiifly, the total quantity of+E accumulated on when m is uninsulated and the 
plate is fally charged, will be : 

1 + /a* + + ft* + &c. ; 

%n(l the quantity of ~^E accumulated at the same time on w will be : 

ft + ft* + ft* + ft’ + &c. = 2 —^ — j. 

If, for example, ft « the quantity of + accumulated on p will be ^ 

90 14 . 

and tliat of — E On w will be — “ To * plate with one coating uii- 

iii‘inl:it(‘d can take up rather more than 5 times as much electricity as when both sides 
am iiuinstilafed. 

Tho quantities of+E removed by alternately touching the two coatings are, from 
the fKjsitive eoaliiig, 1, ft^, ft* &c., and from tJie negative coating, ft, ft*, ft', &c. 

If, instead of toucliing the coatings alternately, a direct communication bo made 
I'otwoeii them by toiieliing the neutral coating with a vviro 
and 1 'ending it round till it comes within a sliort distance of ggl. 

the active coiiting, a sudden discharge takes place, accom- 
panietl by a bright flash and a lotid snap, the large (juantitics 
of the opposite electricities accuTJiulated on the two coatings 
rcivanbiiiing at once through tlio conducting wire. The dis- 
tOuirge lliiis effe<*ted is not, however, quite complete; a small 
qu.'intity of electricity always remains, and may bo disclnirged 
by Mgaiii connecting the coatings after a short time. This 
rcsiilual charge is duo, partly to the penetration of tlie 
epposile electrieitics within tho substance of the glass, partly 
to their extension beyond the edge of tho coatings. 

Wlien the communication is made by touching tho two 
coatings with the hands, the peculiar convulsive sensation 
called tho electric shock, is exj)erienced in the arms and chest. 

The quantity of electricity which may be accumulated 
on a coated plate of glass or other insulator increases directly 
with tlie extent of coated surface. With a given extent of 
»'urface, it is also greater as the glass is thinner : for, as the ac- 
cuiuulation depends upon the mutual attraction of the opposite 
electricities on the two surfacjv^s, it will be greater as the 
distance between them is less. The thickness cannot how- 
be diminished beyond a certain limit, as the two 
^'Jricities would then recombine through the substance of the glass and cause a 

The charging of a coated insulator takes place in the same way, whatever may 
w its sliiye. The most convenient form is that of a glass jar (fy. 381) coated 
With tin-foil inside and out to within a few inches of its lip, and fitted with 
? Wooden lid, through which there passes a brass rod, terminated above by a 
wob and below by a chain reaching to the bottom. The jar is charged by holding 

c c 2 
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itf knob to tho conductor of the machine. If it be insulated, sparks ma U 
taken fh>m the outer coating all the time that the chai^ng is going on T 
#ay two jars may be charged at once; but, from the preceding explanation*^ * 
erident that the cWge of the second jar will not be so strong as that of the first ** 
When a very largo extent of coated surface is required, a number of 
connected together by placing them in a tray lined with tin-foil and joining th***"^ 
knobs by brass rods ; they then act as one jar. The arrangement is called 
Electrical Battery, 

VniUjar . — This is a very useful contrivance, invented by Mr. Harris, of Plyrnoutl 
for measuring the quantity of electricity communicated to a large jar or battery iJ 
consists of a small Leyden jar, A {Jiy. 382), supported in an inverted position on the 
insulating stem, ef. The inner coating of this jar is connected by the wire ad with 
the positive conductor of an electrical machine, and its outer coating is connected hy 
the wire h with the inside coating of the jar or battery to be clmej 
To the outer coating of A there is also attached a wire yc, tenniiiatinir 
in the brass knob c, at a short distance from a. On working the maehiup^ 
-f E is communicated to the inside of the unit-jar A, and a certain 
quantity of + is thereby driven from the outer coating through the 
wire b into the jar or battery to be charged. As soon, however, us tlie 
charge of the unit-jar, has reached a certain degree of intensity, a dis- 
charge takes place by a spark, between the knobs a, c, this discharge 
merely neutniliaing the charge of the unit-jar. without affecting tluit of 
the large jar or battery ; on continuing to work the machine, more + K 
is driven from the outside of A into the large jar, and, after a while, the 
small jar is again discharged by a spark at a c. Now, as the distance of 
the knobs a c remains constant, it is clear tliat each discliargc indicates 
an equal charge of the unit-jar, and consequently the tninsfcrcnec of an 
equal quantity of + E from the outside of this jar to the inside of flu* 
larger jar or buttery. ITence the niiml)er of sparks passing hetweon the. 
knobs a, c servos as a measure of the quantity of electricity accumulated in 
the large jar or battery. 

Tht! Elbctiug Disciiahoe. 

Tho recombination of the opposite electricities wliich constitutes dis- 
charge, may, M already observed, be oil her continuous or sudden.— 
continuous, or in tho form of a current, when two sources of the opposite 
electricities arc connected by a good conducting chain, — as when the 
two conductors of a cylinder machine (p. 379) are joined by a metallic 
chain or wire sudden, when the opposite electricities are allowed to accumulate on 
the surfaces of two contiguous conductors till their mutual attraction becomes strong 
enough to overcome tho intervening resistances, whatever they may be. It is scarcely 
necessary to observe that tbe differenco here mentioned is one, not of kiud, but of 
degree ; there is no such thing as an absolute non-conductor, and tho very best con- 
ductors, viz. the metals, offer an appreciable and measurable resistance to tlie passage 
of the electric fluid ; still tho difference at tlie tw'o extremes of the scale is sufficiently 
great to give rise to a wide range of phenomena. 



Discharge through Air and other Gases : the Electric Light 

Wlien two oppositely charged conductors are brought within a certain distance of 
one another in a gaseous medium, discharge takes place between them in the well- 
known form of the electric spark. The form, dimensions, brightness, and colour of the 
spark, vary considerably according to the size and shape of the conductors, and the nature 
and physical state of the surroiinding moibum. When the surfaces well rounded, as 
those of spheres, or the ends of cylinders of considerable diameter, and the distance 
between them not very great, the sparks are nearly continuous, straight, and attondod 
with a loud snapping noise ; on increasing the distance, they pass at longer intervals, 
and with a louder noise, because tho opposite electricities have to be brought to a 
higher state of tension before they can overcome the rasistance of the intervening air, 
and consoquently a greater quantity of electricity passes in a single spark. At a still 
longer interval, if the machine is in good action, tho sparks become ftjrked, as if the 
electricity were seeking out tlio easiest passage through the air, and taking advantage 
of any conducting matter, such as particles of dust, that may be floating in it; at the 
same time the spark becomes less bright, and is attended with a duller snap and morj 
or less of a sputtering noise. Betw'een smaller balls, or when a small ball is presented 
towards the conductor of the machine, the sparks at a given distance are more cea* 
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rinnoTja, becauao a smaller quantity of electricity suffices to produce fbe requisita 

When a brass rod terminating in a ball is inserted into the positire coiidttctor of a 
hint* in good action, and no other good conductor is near, the electricity koftcn dis- 
from it in the form of a brush 383), consisting of a short straight stem 
numerous diverging ramifications, the effect being greatly assisted by any slight 
“ hjj^.gj, on the surface of the ball, or by holding a large conducting surface, such as 
tlie^liantl! at the distance of a few inches from it. It is caused by the discharge of 
'oinparatively snitill quantities of electricity at very short intervals, the tension at one 
wint of the electrified ball being brought up to the discharging point, while there is 
no uood conductor near enough to receive a larger quantity of the accumulated elec- 
trieW at once. The electricity then escapes 

into the air in visible streams, the light becom- Fiff, 383. 

in r fainter and fainter as it is diffused over a 
wuler space, and at a certain distance ceasing 
ultogelher. A large conducting surface held 
>vitliin a certain distance of the ball facilitiites 
tlie linish discharge, by itself assuming the 
noiijtive state of charge, and thus intensifying 
tl,.> po^ative charge on the ball (p. 385). 

My using a smaller ball or a thick wire with 
a roiiinled end, the brush becomes more con- 
tln'i^ais, but smaller and less luminous, and when the conductor terminates in a sharp 
jMinr, the hrush (lisap)pears altogtither, and is replaced by a quiet and continuous 
i:lo\v, suiTounding the point, and accompanied by a stream of air flowing outwards 
iVoiii it. In this case, in consequence of the intensity of the charge near the 
I II 1 of the wire, tli(> surrounding particles of air are quickly brought into a similar 
cl. vli'ical state, and are repcllo<.l, and thus carry away the electricity of the pointed 
(Miuliictor so rapidly, that only a small quantity of it e.scapcs in visible form. The 
may he eliangod into a brush by anything which impcules the current of air, as 
ly tile jipproach of the hand or other large conducting surface. The glow is of a more 
ri'iitiiiiious character than the brush, a smaller quantity of electricity sufficing to keep 
the ciid of a pointed wire at the discliarging tension than when the conductor has a 
rouixlcd termination. Hence glow may be changed to brush by charging tho conduc- 
t<>r :it intervals instead of continuously ; thus a pointed wire inserted into an insulated 
omdnetor placed in contact with the conductor of an electrical machine, will exhibit 
alow disi’liarge ; but by separating the two eondudors, so that sparks may pass from 
the nuieliiiie, tho glow is changed into a succession of brushes. 

The eharacter of tlie brush in air varies greatly according as the body from which it 
jTocet.ds is electrified positively or negatively. Tho negativo brush 381) is in all 
e;i<e-i mnch smaller and more compres.sed than the positive brush, never exhibiting the 
s;mio beautiful ramifications as the latter. This is tho case whether the negativo 
Ini';!! piocci-ds from a^/ijmall knob or a blunt-pointed rod inserted into the negative 
coiulucler of the macltfne, or from a similar knob or w'iro held within a certain dis- 
tiiacc of tho positive conductor, so that it may acquire a negative charge by induction. 

the two brushes are produced simultaneously, by holding an uninsulated knob 
or wire near another wire inserted into tlie positive conductor of the machine, the dif- 
fi niice in their appearance is very conspicuous {fy, 385). 

Fig, 384. Fig. 385. 


^ The cause of this remarkable difference has been tho subject of much diacussion, and 
IS perhaps not quite satisfactorily made out ; but it is most probably related to the 
wet, which Faraday has demonstrated by numerous experiments {J^ixperimenial Jie~ 
^^arrhes^ series xii. xiii.), that negative electricity discharges into air at a somewhat 
tower tension than j^sitive electricity, so that a negatively electrified knob or wire 
r^iocting into the air is sooner brought up to the state of tension at which discharge 
commences, than one which is positively electrified, and therefore discliatges the elec- 
truMfy at shorter intervals and in smalhT quantities at once. Faraday has ascertained 
a rounded metal rod projecting into the air and electrified negatively, discharges 
w nitervaU seven or eight times shorter thnu when it is charged positively. In 
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aceordance with this, it is found that tho approach of the hand, or other laige con* 
ductor, does not alter the character of tho negative as it does that of the positive brush 
until it is brought near enough to produce a spark. ^ ^ * 

When the end of the electrified conductor is reduced to a point, veiy little difference 
can be perceived between the positive and negative discharge i^m it. 

Dark DiscJuirgc, — Tho glow discharge, especially on a negative snrfaco, is generaUy 
accompanied by a dark interval through which the electricity appears to travel without 
being visible. Faradajr describes an experiment in which two brass rods 0*8 of an 
inch in diameter, entering a glass globe on opposite sides, had their ends brouglit in 
contact, and tho air about them very much rarefied. ^ A discharge of electricity was 
then made through them, and whilst that was continued, the ends were separated 
one from the other. At tho moment of separation, a continuous glow came over the 
negative rod, tho positive termination remaining quite dark. As the distance was 
increased, a purple stream or haze appeared on tho end of the positive rod, and 
proceeded directly outwards to the negative rod, elongating as the interval was 
enlarged, but never joining tlie negative glow, there being always an inten^al of ^ to 
^ of an inch between them. Tho appearance is shown in fig. 386. 

Fig, 386. 

\ -1 

It appears then that air can discharge electricity, like a conductor, without luminosity. 
In man/ cases, the effect is doubtless to be attributed to the current of air whicli, as 
already observed, invariably accompanies glow; in other oases, however, this explana- 
tion will scarcely suffice : for dark intervals are often seen in sparks, especially in 
coal-gas, ill which case the discharge is too rapid to admit of the formation of a current 
of air. In such cases, the dark intervals probably consist of portions of air possessed 
of greater conducting power than the rest, perhaps from the presence of particU^s of 
dust — or in coal-gas, in which they are peculiarly conspicuous, from the presence of 
minute particles of solid hydrocarlions floating in the gas. The phenomenon may ho 
compared to that which is si’en in the ignition of a wire composed of alternations of 
silver and platinum by tho voltaic current, tho silver, wliich conducts better than the 
plafinum, appearing less luminous. 

Discharge in Rarefied Air, — 'When the air between two oppositely charged bodies is 
r.irefied, the number of particles which oppose the union of tho opposite electricities is 
diminished, and consequently a lower intensity of charge will bo sufficient to induce 
their combination. Hence with a given charging powder, the spark will strike through 
longer distances. The most convenient apparatus for showing this effect is an ordinary 
cylindrical receiver standing on the plate of an air pump, and closed at the top with a 
brass cap and staffing box, through which there passes a brass rcxl, terminating, within 
the receiver, in a ball, or point, or any other desired form. By connecting this rod 
with the conductor of the machine, and working the pump, the increased facility of 
discharge as the rarefaction proceeds is strikingly exhibited. When the exhaustion 
has been carried to a considerable extent, the whole of the receiver appears filled with 
beautiful streams of violet or rose-coloured light, which pass with little or no noise. 

The conditions which 4<?tevmine the occurrence of brush and glow in highly rarefied 
air are much tho same as in aip of ordinary density. When the sliding wire is placed 
in complete metallic communication with the conductor of the machine, so that tlio 
supply of electricity is very regular, the ball at tho lower end of the wire generally 
becomes covered with a quiet glow, the greater part of the receiver remaining dart 
and only a few slight coruscations appearing here and there on the plate of the ait 
pump ; but by allowing sparks to pass from the machine, the dischargo in the receive 
immediately takes the forms of splendid streams and brushes. Barefaction of the aii 
seems to develope the negative brush in a greater de^ee compuatively, than the 
positive brush. According to Faraday, extensive ramifications aro easily obtained 
from a ball or rounded termination electrified negatively, to tho plate of the air pump 
The glow is also very easily produced on a negative ball in rarefied air. 

It is of course impossible to s^y>vhet would take place in a perfect vacuum, whethei 
in fact the discharge would take the .form of a continued stream, or be stopped alto- 
gether; .the former supposiition is perha^ the more probable; but in an atmosphere o: 
extreme temuty, such as the Tqxric^ian y^iquum, in which, however, vapour o 
mercury is present^ or the vacuum produced by fiU^g a tube with carbonic wid 
exhausting as much as possible witn the air-pump, f^nd absorbing the remainder 
solid potash, very remarkable effects are observed. ThjJ ^discharge, whether from th 
conductor of an electrical machine, or from a Leyden jar ^^scharged t^ugh a ve 
string, or from a voltaic batt^, or from an induction coil, gener^y exhibits remark 
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hi stratifications, that is, alternations of light and dark bands, extending from one 
terminal conductor to the other. These stratifications, which have probably some 
‘ the light and dark bands observed by Far^ay in the spark, ana other 
Trins of discharge, are seen only when the rarefaction is carried to a very high degree 
-Ibut on the other hand, they disappear when the vacuum is nearly perfect, the 
dischiiTKe then appearing continuous throughout the tube. In the Torricellian vacuum, 
•ht n not very complete, the discharge is sometimes intensely white, filling the entire 
nbe without stratification. These curious and brilliant phenomena have been studied 
'n '^reat detail by M. Gassiot, and are described in a series of papers published in 
ih/Traiisiictions and Proceedings of the Boyal Society (Phil Trans. 1868, 1869 ; 
Proc. lioy. Soc. x. 146, 601 ; xi. 36, 269, 274, 393, 432). We shall return to them in 
upcuking of the light produced by the voltaic battery and the induction coiL 

Discharge in different Gases, — ^Different gases, at the same pressure and temperature, 
different powers 

of insulation. Faraday Fig, 387. 

lias obtained approximate 
iiu’asures of these differ- 
eni’es, by means of tho 
appnratus represented in 
jhj. 387. S, L aro two 
lu’.iss balls, the distance 
between which can he 
varied at ];tle{isure, and s, 
i two other balls of nearly 
the .same diameters as S 
and L, but placed at the 
tixrd distance of 0-62 
iiieh, and enclosed in a 
receiver which can be ex- 
liji listed and filled with 
any required gas. The 
balls .S’, S aro connected 
by wires with the inau- 
Irtod conductor n, which 
can itself be connected at 
pleasure, either with the 
positive or with the ne- 
gative conductor of an 
eleetrieal machine, and 
the large balls /, L are 
connected with tho earth. 

It is clear that, with air 
in tho receiver, the dis- 
charge may be made to 

"n either at v or at w, by increasing or diminishing the distanco between 

tile balls S, L ; and by filling the receiver with different gases, and regulating the 
distance between these balls, so as to cause all the sparks to pass at v, the relative 
ULsulating power of the gases may be measured. It was found, however, that the 
interval u miglit be altered within certain limits, and yet sparks pass either there or at v, 
he extremes were therefore noted, viz. the greatest distance short of that at which 
no discharge always took place at v in tho gas, and the least distance short of that at 
Jjuch it always took place at u in tho air. The intervals were also found to bo 
n liferent according as the small balls s and S were made positive or negative. The 
lollowing table gives the mean results : 


Hydrochloric acid gas , 

«and S 
positive. 

9 and S 
negative. 

. 1-105 

0*720 

Olefiant gas ..... 

. 0*760 

0*730 

Air . ^ 

. 0*696 

0*636 

Carbonic anhydride ... 

. 0*640 

0*690 

Nitrogen 

. 0-615 

0*646 

Oxygen 

. 0*506 

0*510 

Coal-gas 

Hydrogen 

. 0*490 

0*526 

, 0*370 

0*276 


Tliese uTimbers show that, with a positive charge on the small balls, and with the 
«ime flui’faces, and under the same circumstances of pressure and temperature, hydro- 
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chloric acid gas has three times the insulating op restraining power of hydrogen 
and nearly twice that of oxygen, nitrogen, or common air. The diflferencesape ^ 
due to specific gravity; for though hydrogen is the lowest of all, oxygen ia 
lower than nitrogen, and also lower than olefiant gas ; and carbonic anhyi&ide 
much heavier than olefiant gas or hydrochloric acid, is lower than either. The difT ^ 
ence of insulating power in the gases appears, therefore, to be a specific electric qualir' 
or relation (see page 400), ^ 

The negative numbers in the preceding table do not follow the same order as th 
positive numbers. In air, hydrogen, carbonic anhydride, olefiant gas, and hydrochloric 
aciil, the tension rose higher when the smaller ball was made positive than when it 
was negatives whilst in oxygen, nitrogen, and coal-gas, the reverse was the case. 'NVhen 
the conductor n was connected only with the receiver containing hydrochloric acid ithh 
the discharge was found to be easier when the small ball 8 was negative, tlian when \i 
was positive ; in the lat ter case, much of the electricity was given off as brush dischariro 
from the connecting wire, whereas in the former it all passed through the hydrochlonc 
acid gas. 

The colour and appearance of the spark and brush vary considerably according to 
the nature of the gas.— Tn a/r, the sparks exhibit the well-known- bright light and 
violet-blue colour, and oft en have faint or dark parts in their course, when the quantity 
of electricity passing is not great. — In nitrogm, the sparks are very beautiful, ha^^ng 
the same general appearance as in air, but more colour of a bluish or purple chanictpr. 

— In oxygen^ they are whiter than in air or nitrogen, and somewhat less brilliant. In 

hydrogvn, they have u very fine crimson colour, which, however, disappears as the at- 
mosphere is rarefied; the spark in this gas produces very little sound. — In carbonic 
anhydride the colour of the spark is similar to that in air, but with a slight green tint: 
the sparks are, under similar circumstances, of strength of charge, form of conductors, 
&c., longer and more regular in form than in air ; altogether this gas affords peculiar 
fa(Mlity to the spark discharge. — In hydrochloric acid gaSy the spark is white, and ex- 
hibits no dark spaces. — In coal-gaSy the spark is sometimes green, sometimes red, some- 
times partl^r green and partly red; black part-s also occur suddenly in the lino of tho 
spark, that is to say, they are not connected by any dull part with bright portions, hut 
the two seem to join directly one with tho other. 

The appearances of the brush in air have been already described. — Nitrogen gives 
brushes with great facility from positive surfaces; they are always fine in form, liglit, 
and colour, and in rarefi(}d nitrogen are magnificent : they surpass the discharges in 
any oilier gas, as to the quantity of light evolved. The difference between the positive 
and negative hnishes in nitrogen is greater even than in air. — In oxygeuy the positive 
brush is compressed and poor, while the negative brush is not much less developed 
than in air ; indeed, the two are so alike that it is often difficult to distinguish one 
from the other, and this similarity continues even when tho oxygen is gradually rarefied. 
— In hydrogmy the positive bmsh is more developed than in oxygen, but not so fine 
as in nitrogen ; in rarefied hydrogen, the ramifications are very fine in form, but pale 
in colour; in tho rarest state of the gas they have a pale grey-green tint; the negative 
brush is much the same in hydrogen as in air. — In carbonic anhydridCy at common 
pressures, the positive brush is very pioor as to size, light, and colour; in the rarefied 
gas, it Is hotter in form, but weak as to light, and has a dull greenish or purplish hue; 
altogether tho positive brush in this gas is not much superior to tho negative brush. — 
In hydrochloric acid gaSy tho brush is very difficult to produce at common pressures, 
even with the interrupted spark-current (p. 889). In the rarefied gas, the brush is 
more easily formed, but is generally of a low squat form, poor in light, and veiy similar 
on the positive and negative surfaces. In the highly rarefied gas, a few large ramifi- 
cations are obtained from tho positive surface, but of a pale bluish colour, utterly unlike 
those of nitrogen, — In coaUgaSy the brushes are difficult to produce, as compared with 
nitrogen, and the positive not much superior to the negative in character, either at common 
or at low pressures. At common pressures, they are short and strong, generally of a 
greenish colour, and possessing much of the spark character. 

On the whole then it appears that the character of the brush is essentially connected 
with the nature of the gas through which it passes ; that the positive brush always 
shows a certain degree of superiority to the negative brush ; but it is only in nitrogen, 
hydrogen, and common air that the difference is great, while in oxygen it almost 
vanishes. 

Glow-dificharge occurs in all the gases above mentioned under circumstances similar 
to those already described (p. 389) ; it is always accompanied by a wind proceeding 
eitlicr t<) or from the glowing part, and if the a.cce8s of air is interfered with, the glo^ 
disappears. 

Dark discharge has likewise been observed in all the gases examined, most easily m 
hydrochloric acid, and in coal gas (p. 390). In the latter, the discharge between bull® 
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about an inch apftft was accompanied by short bnuhes on the ends, and a dark interval 
of jilHiut half an inch between them, notwithstanding that the discharge had the quick 
aouud of a dull spark, so that its dark portions could not have depended on convec- 
tion, that is to say, on the formation of a stream of gaseous particles. 

Jjuminoua Discharge in Liquids and Solids,— may be obtained in insulating 
liquids and solids, as in oii of turpentine, olive oil, resin, glass, dcci, their passage 
being generally attended with more or less disruption of the particles of the body; 
also in imperfect conductors, such as water, spermaceti, &c. Brushes may be obtained 
in oil of turpentine, by passing sparks from the machine to a wire going through a gluss 
tube into the liquid contained in a metallic vessel ; they are smaD, and so feebly lumi- 
nous as to bo visible only in a dark room, and exhibit simple, veir divergent ramifi- 
cjitions. The presence of a few solid particles, as of dust or silk in the liquid greatly 
facilitates the production of the brush. (Faraday.) 

Duration of the Electric Light, — Wheatstone has examined the duration of the elec- 
tric spark bv means of a revolving mirror. The principle of the method is this : when 
:i steady light, such as the flame of a candle, is viewed in a fixed mirror, its imago ap- 
pears in one constant direction ; but if the plane of the mirror be moved through a 
certain angle, the image changes its position, and if the mirror be made to rotate very 
nipidly, the image will appear drawn out into a long line of light, because, in the suc- 
cessive positions through which it passes, it remains for a certain time on the retina, 
and consequently the luminous impression of tho image in its former positions is 
seen at the same time tliat it has advanced to a new one. If tlien the electric spark 
Ijas any perceptible duration, it must also appear elongated when viewed in a mirror 
Dtiitiiig with a certain velocity. In Wheatstone’s experiments, the mirror was rotated 
at a ratt^ which would have produced an elongation of half a degree in the image of tho 
spark, if its duration were equal to of a second. No elongation or distortion was, 
Jioui ver, perceived in the image of tho spark from the conductor of an electrical ma- 
chine, or from a Leyden jar discharged in the ordinary way, or of the stream of 
in an exhausted tube G feet long ; they all appeared in the rotating mirror just 
the saiiK* as when it was at rest. Under these circumstances, therefore, the duration 
ol the t'lcctric spark is loss than Yn})eo second. When, liowever, tho discharge is 
ninde through a very long wire, say half a mile long, or through a bad conductor, tho 
iniiigo of tho spark in the revolving mirror docs appear elongated, showing that the 
diwhjirge is then not momentary but gradual. 

Wlu 11 a rapidly revohnng wheel is viewed by ordinary light, its spokes can no longer 
iMMlistinguislied; but when it is viewed by tlie electric spark in a darkroom, tho spokes 
aiv distinctly seen ; In fact, tho wheel appears at rest. This likewise shows tho mo- 
iii.'nt.'iiy character of tho onliuary spark. In like manner, a rapidly rotating disc 
j;;mitcd i\ ith the colours of tho spectrum, which appears white by daylight or candlc- 
liglit, ( xliibils tho separate colours when viewed by the electric spark. 


Velocity of the Electric Discharge, 

AN lioatstono has applied his revolving mirror to determine tho rate at which elec- 
tricity travels through conductors. For this purpose, six copper balls are fixed on a 
circular board, called the spark-board (Jig. 388), and connected in such a manner as to 
give three sparks with one discharge of a 


n jar. The wire 1, connects one of 
tm se balls with the inside of the jar ; from 
this ball the discharge passes in the form 
of sparks to the one on the left, and 
tlicnoc through the wire 2, which is joined 
t>> by a thin wire of a mile long, to the 
third ball ; thence, by a spark, to tho fourth 
oail, from which it is conveyed by tho 
'viros 4 and 6, also connected by a thin 
Wire I of a mile long, to the fifth ball, and 
by a spark to the sixth ball, which 
connected by the wire 6, with the out- 
J’ldn coating of the jar. The intervals 
'^’^ch tho sparks pass are 0*1 inch 

Thcfi 


Fig, 388. 



|he spark-boarf is fixed vertically, at a distance of 10 feet from the revolving minor, 
80 that the six balls shall be in a horizontal line, parallel to the axis of rotation 
^^irror, and at the jsame height as that axis. The observer places himself so 
Jit tho axis of rotation is directed towards him. and looks vertically down upon tho 
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mirror. The discharging aj^iaratus is arranged so that the sparks may appear Jnst 
the mirror is inclined to the horizon at an angle of 46°. (For the details of th* 
arrangement, see De la Hive, ii. 127.) ^ ^ ^ 

If, now, the mirror were fixed at thLs inclination, the three sparks would be seen pro. 

jected on a horizontal plane, thus • ; but when the mirror is made to revolre veiy 

rapidly, they are all three drawn out into lines ; and, moreover, the middle spark 
appears pushed aside from the others, the relative positions of the three sparks 

being when the mirror revolves from right to left, and when it revolTes 

from left to right From this result Wheatstone deduces the following conclusions . 

1. As the two external sparks retain their relative positions, while the middle one 
lags hohind them, it follows that the discha^e begins simultaneously at the two ends 
of tlio circuit and proceeds in a perceptible time to the middle. 

2. By comparing the observed retardation of the middle spark with the velocity of 
rotation of the mirror, Wheatstone calculates that electricity travels through a metallic 
circuit at the rate of 288,000 miles in a second, a velocity greater than that of light 
(194,000 miles per second), and sufficient to make the circuit of the earth ton times in 
a second. 

Other experimenters, howover, by observing the time which the electric current 
takes to travel through great lengths of telegraph-wires, have obtained results differing 
widely from that of Wheatstone, and likewise from each other, as the following tahlo 
will show : — 


Velocity of Electric Discharge, 


Obaervera. 

Nature of Wire. 

Miles per Second. 

Wheatstone . . • 

Copper .... 

288,000 

Fizeau and Gonncllo 

Copper (French telegraph) 

112,680 

Fizeau and Gonnello « 

Iron do. 

62,600 

O’Mitchell 

Iron (American telegraph) 

28,624 

Walker , . . . 

Do. do. 

18,780 

Gould .... 

Do. do. 

16,907 

Astronomers of Greenwich 

Copper (London and Edin- 


and Edinburgh 

burgh telegraph) . 

7,600 

Astronomers of Greenwich 

Copper (London and Brus- 


and Brussels , 

sels telegraph) 

2,700 


The last result is more than a hundred times less than that obtained by WliCJitstone. 

The cause of these large discrepancies has been xx)inted out by Faraday {Eepf-ri- 
mental Eesearches^ vol. iii. n. 608), who has shown that when a telegraph wire encased 
in gutta percha, and buried in earth or immersed in water, is connected with one pole 
of a voltaic battery, the otlier pole communicating with the ground, the whole arrange- 
ment becomes ch^ed like a Leyden jar, the wire forming the inner coating, the 
gutta percha the insulator, and the earth or water the outer coating. The inductive 
action thus exerted necessarily lowers the intensity of the charge in the wire (pp. 386, 
887), and consequently the force with which the succession of charges and discnargei 
Ogsjwtituting the current takes place along the wire. Hence the current is retarded, 
the amount of retardation varying according to the thickness of the gutta pereha coating, 
the conducting power of the wire, and of the medium with which it is surrounded, the 
perfection of the insulation, &c. The very low velocity obtained with the London and 
Brussels wire is evidently due to the great conducting power of the water in which a 
considerable portion of the wire is immersed. A still greater retardation, due perhaps 
to imperfect insulation, was, how'ever, observed by Faraday, in the subterraneous wire 
of the London and Manchester lino, the current taking two seconds to travel 1600 
miles, while, with the same length of wire in air, the time was almost inappreciable. 
But even with wires suspended in air, a certain amount of retardation is proaucod by 
induction towards neighbouring conductors, especially if the wire is stretched close to 
the ground, or to walls; it must, however, be very small as compared with that which 
takes place in a subterraneous or subaqueous wire separated from the surrounding con- 
ducting medium by an insulating coating only of an inch thick. In Wheatstone s 
experiment, the long connecting wires were bent into a number of parallel lengths st 
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lome distence from each other and from the ground ; in this case a certain amount of 
rttanliition may have arisen from the inductive action of the contiguous portions of the 
vire on each other ; but on the -whole, WhcatstonG’s mode of experimenting probably 
jnves the nearest approximation to the rate at which electricity travels along a copper 
wro when unimpeded by disturbing causes ; but the experiments with the telegraph 
v'ires clearly show that no absolute rate can be fixed, the actual velocity varying with 
the conducting power of the wire or other channel of communication, and the influence 
of neighbouring bodies. 

Mechanical and Themiic Effects of the Electrio Discharge, 

The manner in which electricity travels through a solid body depends upon the rela- 
tion between the dimensions and conducting power of that solid and the quantity and 
iiitonsity of the charge. A thick mass of motal, or other good conductor, will convey 
jiny ctiargo of electricity, even that of a thunder-cloud, without suffering any visible 
iilteration ; but when the charge is sent through thin wires, the result is different. 
The wire then becomes heated, showing tliat its particles are thrown into a state 
of agitation, the degree of heat developed depending upon tJie relation between the 
quantity and intensity of the charge and the conducting power of tho wire; and 
when the charge of a powerful 

battery is transmitted through Fig, 389. 

a very iiiie wire of silver, gold, 
copper, zinc, platinum, &c., the 
niital is melted and disinte- 
gnitcd, witli a brilliant flash 
of light, and if stretched on 
j>aper, its particles are driven 
into tho paper, forming an in- 
delible stain. 

The degree of heat developed 
in metallic wires under dif- 
ferent circumstances by the 
d ischarge of an electrical battery 
lias been investigated by llioss 
by means of an apparatus 
called (in electrical air thermo- 
mt'ii'r^ originally invented by 
Harris. It consists of a glass 
globe {jig. 389) about 3 inches 
in diameter, haring two lateral 
openings closed by brass caps, 
between which is stretched a 
tliin spiral of platinum wire. 

A cylindrical glass tube about 
halt a line in diameter, sealed 
to the globe, contains a column 
of coloured h'ljuid, and serves 
as th(‘sttMn of the thermometer, 
of which the globe is the bulb. When an electric charge is sent through the plati- 
imm wire, it becomes heated, and expands the air in the globe; the column of 
iqiiid IS then pushed outwards, and the expansion indicated by a scale attached to 
di.*" fi®rvcs as a measure of the rise of temperature produced in tho wire by- the 

7i electricity communicated to the battery is measured by a unit jar. 

1 of observation, Kiess has established the following laws: — 

I. The heating of the mre is directly ^proportional to the square of the quantity of 
y. inversely proportional to the coated surface over which it is diffused (or 

k indly proportional to the intensity) ; or if A bo the rise of temperature measured by the 
t'jpansion of tho air in the thermometer, q the quantity of electricity, and s the extent 
of coated surface, i j 



being a constant de^^nding on the thickness and length of the platinum wire and 
f conducting circuit. This law may be illustrated by the numbers in the 

0 owing table, which contains tho results of some of Riess’s experiments. The 





2- The risr, of temperature produced hy a given discharge in wires of the same Ttuial 
of emial length, but different diameter, is inversely as the fourth powers of their diameters, 
and the quantities of heat evolved are inversely as the transverse sections of the wires. 
Thu8 in wires whose diameters are as 1, 2, 3, &c., the same discharge produces rises of 
temperature which are as 1, yh* irr. ; but, tis the masses of the wires are as 1, 4, 0,it 
is clear that the quantities of heat evolved in them must be as 1, J, &c., that is, in- 
versely as the transverse sections. , „ , . ^ 

3. With the same wire in the thermometer-bulb, the rise of the temperature produrrd 
in it hy discharge of a given quantity of (‘Irctricity, is less, the longer the circuit through 
which tJut discharge has to pass, and the thinner the wires that are inserted into it ; in 
othr words, the rise of temperature produced by the discharge of a given quantity of 
electricity diminishes as the conducting power of the circuit is less. 

Wires* of difFereiit metals of the same length and thickness inserted into the circuit, 
produce different degrees of diminution of the heat evolved in the thin wire : thus a 
{dafciniim wire produces 6*44 times as much diminution as a copper wire of the samo 
length and thickness: hence it is inferred tliat platinum offers 6-44 times as much 
resistance jis copper to the passage of electricity. 

The melting of very thin wires by the electric discharge is not a consequence of 
the heat evolved, but a specific electrical effect. For, by calculations founded on the 
observed rise of temperature produced in thicker wires, Ricss has shown that the 
rise of tomperaturo produced in a platinum wire, by a discharge strong enough to 
melt it, does not exceed 211° 0., — a heat not sufficient even to raise it to redness, 
much less to fuse it. And in fact, on sending through such a wire charges not quite 
fiuffieient to ignite it, appearances are observed whit'h indicate a violent mechanical dis- 
turbanoe of its particles. The wire is sensibly agitated; small sparks appear at its 
extremities ; particles are thrown off from its surfaice, in the form of a dense vapour ; 
and the wire, if not tightly stretched, becomes bent in several parts, the niimhor and 
sharpness of the flexures increasing with the strength of the charge ; finally, with a 
certain strength of charge, the wire becomes red or white hot, and its particles are 
completely scattered. Easily oxidable metals, like iron, burn at the same time in the 
air, and are partly melted by the heat of the combustion. 

B of small conducting power are variously affected by the electric discharge. 
Mectricity of low intensity cannot force its way suddenly through an imperfect 
i>S^idactor, even though the quantity accumulated, in a large battery, for example, may 
TWy considerable. When a jar or battery is discharged through an imperfect 
COiidactor, such as wood, the discharge occupies a perceptible time, as may bo known 
the sound produced. When the resistance of the interveninp; solid body is very 
as that of glass or shellac, the accumulated electricity is dissipated in the 
,‘aJr, sooner than it can pass tlirough the non-conducting solid. But electricity of high 
intensity forces its way through bad conductors, o&n tearing them asunder and 
shattering whatever comes in its way. When two pointed wires are inserted into the 
ends of a piece of dry wood, and the charge of a large jar or battery sent through 
them, the wood is tom in pieces. In like manner, card-board, glass, thin cakM of 
rosin, Sec. may bo perforated. Leyden jars are sometimes destroyed by the electricity 
of a strong charge forcing its way through the glass fiom the inner to the ^ter 
coding : a round hole is Siereby produced, filled with finely powdered glass. Wheii 
a powerfid charge from a battery is sent through a piece of sugar placed between two 
wires, the sugar is broken into several pieces, which are thrown violently about, and 
appear phosphorescent in the dark for several minutes ; this last effect shows^clearly 
the violent agitation to which the molecules of a body are subjected by the 
electricity. The destructive effects of lightning, when it strikes a stone or wood^ 
building, or the mast of a ship, not provided with a metallic conductor, belong to the 
•ame cl^ of phenomena. 
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Chemical Effects of the Electric Discharge, 

The highest chaise of electricity, while remaining (quiescent in a body, or in the 
gtatical condition, produces no perceptible change in its chemical constitution; but 
electricity in the state of d ischarge, or in the dynamic state, is capable of inducing both 
combination and decomposition. 

Inflammable bodies are often set on fire by the electric discharge. The dischargo 
of a moderate-sized jar instantly inflames a mass of tow filled with pounded resin. 
The ppark from a Tery powerful electrical machine produces the same effect, and also 
pets fire to deal-shavings. A veiy small electric spark passed through a mixture of 
liydrogen, carbonic oxide, alcohol-vapour, ether-vapour, &c., with air or oxygen, or a 
mixture of chlorine and hy(^gen, causes instant combination, attended with violent 
ox]>Iosion if the gases are mixed in the combining proportions. Whether this effect 
is due to tbo heat developed by the spark, or to a direct exaltation of the chemical 
affinities concerned, is not precisely known, but the latter supposition is perhaps the 
more probable of the two. (For the methods of inflaming gaseous mixtures by the 
tieitric spark in analysii^ see Analysis, Volumetric, of Gases, i. 269.) 

The passago of electric sparks through moist air is always attended with the pro- 
duction of nitric acid : hence this acid is always present in the air after a thunder- 
storm. (See Nitric Acid.) 

Another very remarkable chemical effect of the electric discharge through air or 
oxygen is the formation of ozone. The air in the neighbourhood of an electrical 
macliine in action always acquires a peculiar pungent odour, somewhat like that of 
|i|ios|dioriLs slowly oxidising ; at the same time it acquires increased oxidising power, 
decomposing iodide of potassium, decolorising tincture of guaiacum, &c. These effects, 
first olisorvod by Van Marura in the latter part of the last century, and since more 
particularly studied by Schonbein and others, are attributed by some to the production 
of ail allotropic modification of oxygen, by others to the formation of a higher oxide 
(if hydrogen (IT^O^), That the effect is due, in great part at least, to a peculiar modifi- 
cation of oxygen, is completely proved by the fact that perfectly pure and diy oxygen 
aciluires this exalted power when electric sparks are passed through it, or along the 
outside of a sealed tube containing it Whether, when water is present, a bighop 
oxide of hydrogen is likewise formed, is a question still under discussion. (See Ozone). 

Guiipowdcp laid on a plate of glass between the ends of two wires, may be fired by 
tlie discharge of a jar retarded by passing through a wet string or other imperfect 
conductor ; without such retardation, the discharge merely scatters the powder, with- 
out firing it. 

When a considerable quantity of electricity is passed gradually, and without for- 
niati(DQ of sparks, through a compound liquid, that liquid is in many instances resolved 
into Its elciTK'nts, which separate in opposite directions, the one taking the direction 
of the positive, the other that of the negative electricity. Tliis effect is called 
Klectuolysis, that is, decomposition by electricity. Wo shall consider it more fully 
hereafter, merely describing at present the methods devised by Faraday for showing 
that chemical decomposition can be produced by friction electricity, A glass plate 
[fig. 390 ) has two strips of tin-foil a, b pasted on it ; one of these is connected by a 
Wire c, or wire and wet string, with the positive conductor of an electrical machine^ 
the other by a wfre g with the earth or the negative conductor. A small piece of 
ultenng paper moistened with the liquid to bo decomposed is laid on the plate .midway’^ 
between the two strips of tin-foil, and connected therewith by bent platinum-wira%l 
M shown in the figure. Positive electricity then enters the solution at the point 


Fig. 390. 



iod electricity at n. Now let the paper be moistened with a Sblution of 

lae of potassium, and the machine worked. In a short time a brown spot of 
will be produced at p, while no apparent change takes place at n ; but if the 
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carrent be rorersed by eonnocting c with the positive, and g with the neeati? 
ductor, a spot of iodine will soon appear at w, while that at p disap^ir ^ 
piece of paper moistened with hydrochloric acid and coloured with indi 
placed between p and w, the paper will be bleached at p, indicating the evoluU?’ # 
chlorine. When a piece of litmus paper is placed under p, and turmeric paper u 
n, both being moistened with sulphate or chloride of sodium, and the 
made to touch each other, a red spot appears under each terminal, showing that ^ 
acid has been evolved at p, and an alkali at w. In a similar manner many 
decompositions may be effected. ^ 

By the arrangement shown in fig. 391, several portions of the same solution or of 

Fig. 391 



different solutions may bo decomposed at once, the acid or chlorous elements hoini; 
always evolved at the positive terminals p, and the basic elements at the negatiM? 
terminals n. 

Inst-oad of using the continuous current of the machine, the charge of a jar may 
be passed througli the arrangement, a piece of wet string about four feet long luring 
interposed in the circuit, to retard the discharge ; the same decompositions are then 
produced. Without the interposition of the wet string, however, no decomposition 
takes place: it seems therefore to require a certain time. The greater the quantity of 
electricity passed, tlie greater also is the amount of decomposition produced. 

The mode of passing the electricity through the solutions may also bo varied in 
other ways, the only necessary condition being that a continuous current shall pass. 
Thus, if two triangular pieces of litmus and turmeric paper {fig. 392) moistened with 


Fig* 392, 



sulphate of sodium be placed between two metallic points p, w, connected with the 
conductors of an electrical machine in action, the turmeric paper being towards the 
n^^ye, and the litmus h towards the positive terminal, the extremities of both papers 
wifi be reddened. This effect may also be repeated through several alternations, w in 
393, the pointed pieces of moistened paper serving to discharge the electricity 
hko pointed wires. 

In all these experiments, especial care must be taken that no sparks pass through 
the air over the moistened papers ; for the passage of a spark through the air always* 
gives rise to the formation of nitric acid, and this would of itself reSden litmus, pre- 
vent the reddening of turmeric by an alkali, and separate iodine from iodide of pn* 
tassium. 

Magnetio JE^ects of the Eiectric Discharge^ 

When a piece of unmagnetised steel wire is placed at right angles to a wire of any 
metal, or to any conductor whatever, through which the charge of a large battery w 
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the steel wire is rendered permanently ma^ipetic, the direction of its poles being 
detained by a law which will be hereafter explained. If the steel needle be plac^ 
in the axis of a glass tube -round which a helix of copper wire is coiled, and the charge, 
even of a small jar. be sent through the helix, the steel will also be permanently mag- 
mtised. The helix serves to intensify the action, by enabling the current to act upon 
all parts of the steel wire at once. This development of magnotism in steel is pro- 
duced by the sudden discharge of electricity through good conductors iu the neighbour- 
hocKl of the steel. , , , 

The sudden discharge does not, however, produce any deflection of a magnetic 
needle ; this requires time, or the action of a continuous current. That friction elec- 
tricity is CJipiiblo of deflecting the magnetic needle in the same manner as voltaic 
elMricity, was first shown by Colladon of Geneva, whose results have been fully 
(^nfirmed by Faraday. When the chaigo of a pow'crful battery is made to pass 
through the coil of a galvanometer consisting of copptT wire covered with silk, the 
velocity of the discharge being diminished by interposing a wet string in the circuit, 
tlie needle is immediately deflected, its direction being determined by that of the 
vurront, in exactly the same manner as by the current of the voltaic battery. The 
di-flectioii may al^ bo produced by the direct current of the machine. For this 
purpose, one extremity of the galvanometer coil is connected with the negative con- 
duitor, and the other with a discliarging rod, either by a wire or by a wet string. The 
nuK'liino is then worked, and the knob of the discharging rod brought in contact with 
tlio positive conductor of the machine. The needle immediately moves a littlo ; as it 
bc^rins to swing back, the contact with the machine is to be broken; then, when tlie 
iiet'dle Jias completed its backward swing, and is about to return, the circuit is again 
to 1)0 completed. In this manner, a fresh impulse is given to the needle, which, added 
to the first, makes it swing through a larger arc, and by repeating this mode of pro- 
ceeding several times, the needle may be deflected 30® or 40®. 

Molecular Theory of Electric Action, 

We have hitherto regarded the phenomena of electricity as resulting from the 
mutual action of tw'O fluids (or two modifications of the same fluid), which are capable 
of passing through ponderable bodies and from one body to another, and wlioso particles 
attract and repel one another with forces varying inversely as the squares of tlie 
distances between them. Tlie preceding expositions are perhaps sufficient to show that 
this theory affords a connected view of all the leading phenomena of electricity as 
developed by friction. 

Faraday, however, has proposed a totally different theory, which ho' has developed 
in the eleventh, twelfth, and thirteenth series of his “Experimental Researches." 
According to this theory, electric action is supposed to take place, not at finite dis- 
tances, but solely between contiguous particles of matter. A lx)dy eluirgod with either 
electricity, say with + A’, exerts a polarising action on those particles of the air, or 
other insulating medium, with which it is immediately in contact, inducing the opposite 
polarity ( — A') on their nearer cuds, and the polarity similar to its o>vn ( + /i/) on their 
farther ends ; tliese particles thus polarised act in like manner on those immediately 
beyond tliem, tliose again on the next, and so on, the action continually extending 
outwards in all directions through the insulating medium, or dielectric, and the in- 
tensity of the charge becoming less, as it is communicated to a wider range of partidea 
If a conducting body is interposed in the sphere of action, its particles also become 
polarised, exactly in the same manner as those of the dielectric, the difference between 
insulators or dielectrics and conductors consisting in this, that the particles of a con- 
ductor are easily brought into the charged or polarised state by the influence of an 
electrified body, but immediately return to their ordinary unpolorised state as soon as 
that mfluence is removed, — whereas, those of an insulator offer considerable resistance 
to the i>olarising action of an electrified body, but when once polarised, return but 
slowly to their ordinary state, after the removal of the disturbing cause. This difference 
js, of course, one of degree only, not of kind, the best conductors offering some resistanco 
to the polarising or inductive action, and the best insulators losing their polarised con- 
dition after a certain time. 

Such, according to Faraday, is the process by which a body or medium becomes 
^tncally charged by the inductive action or influence of a previously electrifled 
Discharge is the return of the whole system of charged particles to their 
natural or uncharged state, and takes place when one particle, or a certain number of 
I«rticles, in the syste^ is raised by the joint action of all the forces concerned, to a 
flitf which it is unable to bear : in that case, this particle or set of particles 

way, and all the rest follow ; the system, in the charged state, is, in fact, in 
• condition of unstable equilibrium, and gives way at its weakest point, the return to 
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the state of stable ecjuilibriam taking placo with mow or less violence, according to tli 
nature of the particles concerned, and the intensity^ their previous polansatioiL 
The spark or otniBr visible manifestation of electric action, marks the line of particl 
along which the greatest intensity of action takes place. 

This molecular view of electric action is based upon the following facts and con- 
siderations : — 

1. 7%e phenomena of electric discharge in gases and other insulating media varv 
according to the nature of the medium^ which must therefore he directly concerned in 
their production. 

That the insidating medium inten'ening between charged conductors hassomethinc 
to do with the phenomena of charge and discharge, beyond acting as a mere obstacle 
to the union or neutralisation of the opposite electricities, is sufficiently proved by the 
different insuhiting powers of gases, at the same pressure and temperature ; by the an- 
pearance and mode of formation of the spark and brush, and the very different chardc- 
ters of these forms of discharge in different gases ; further by the effects produced by 
the electric discharge on solids and liquids (pp. 396, 397). 

These ph(‘iioiiK‘na, however, are not in themselves sufficient to show that the polari- 
sation of tlie individual particles of a body or medium is the main thing in electric 
action, and that it is by the successive polarisation of such partit‘le8, and not Vjy a 
direct action at a distance, that the influence of a charged body is conveyed to nci'^h- 
bouring conductors. ‘ The facts on which the molecular view is chiefly based are tliu 
following : 

2. Every dielectric medium exerts a certain influence^ peculiar to itself on the drgne 
qf electric induction which takes place through it ; in other words^ every such medium 
has a specific inductive capacity. 

To explain the meaning of this, suppose an electrified plate of metal, A, to be sus- 
^nded midway between two similar plates, B, C, and exactly parallel to tliem. 

^ Then, if there is nothing but air between them, the plate A will induce equally 
towards 13 and C; but on interposing any other medium, say shellac, between A and (.\ 
the inductive actions exerted by A on B and C will no longer be equal. For tin* 
description of the apparatus and mode of experimenting, by which this qin'stiDU 
has been investigated, we must refer to Faraday’s (devonth series of “Experimcntul 
Besaearches,” or to the works of Do la Eive and liiess ; but the prmciple of the niolhod 
^uy be explained as follows : 

Suppose we have two Leyden jars with equal extent of coated surface, equal 
thickness of glass, and in short equal and similar in every resp(*ct. Charge one of 
them in the ordinary way to such a degree, that the charge, when communicatc'd to an 
olecti’omotor, shall exliibit a repulsive force, say of 40° ; then diride the chiirgt* 
between the two jars, by making a communication between the outer coatings, and 
bringing the knobs in contact. The charge will of course bo equally divided 
between them, so that, if no loss of electricity has taken place by dispersion, eaeli 
will exhibit a repulsive force of 20°. Now suppose one of the jars to be made of 
ehellac of the same thickness as the glass, and otherwise similar in every respect. In 
that case, Faraday finds that the charge is not equally divided between the two; hut 
that if the glass jar is charged first, it loses by communication a greater amount of 
repulsive force (or intensity) than tho shellac jar gains ; and on the contrary, if theshdlac 
jar is charged first, it loses by communication a smaller amount of repulsive force tliaii 
that which is gained by tho glass. In short, tho shellac acts just like glass of less 
thickness, a given thickness of it producing a more complete neutralisation of tho 
opposite electricities, a result which is supposed to indicate a higher degn'e of sus- 
ceptibility in its particles to inductive or jwlarising action. This is what is meant 
by saying that the shellac has greater specific inductive capacity than the glass. 
The division of an electric charge between two bodies of different specific inductive 
capacity may be compared with the communication of heat between two bodies of 
different specific heat, such as water and mercury, the temperature of the one alwaj s 
falling in greater proportion than that of the other rises. 

By a method founded on the principle just explained, but not capable of .yielding 
more than very ro^h numerical approximations, Faraday has obtained the following 
values of the specific inductive capacities of certain dielectrics : 

Air and all other gases 1*00 


Gduss . . . . . . . • . , 1*76 

Shellac 2*00 

Sulphur 2*24 


^ Certain non-conducting liquids, such as oil of turpentine and rectified napktliSi 
^ vere also found to have inductive capacities greater than that of air. 
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Harris, by making use of discs of the different dielectrics of the same thickness, and 
on each side with tin-foil of less diameter than the dielectric, obtained the 
following results: 


Air . 

. 


100 

Bees-wax . 



1-86 

Resin 

. 

« 

1*77 

Glass . 



1-90 

Pitch 

• 


1-80 

Shellac 


. 

1-95 


It fipi'cars then that solid dielectrics exhibit considerably greater inductive capacity 
tli;iii ffiises, but do not differ mucli in this respect among themselves. The results 

ol*t:im(‘d with solid dielectrics arc in fact just such as would folh^v if the metallic 

ro.itings were brought closer together, or, which comes to the same thing, if the charge 
wt've to pcn<*trate to a certain extent within the substance of the dielectric. That such 
p('iictration takes place is well known; it is indeed the origin of the residual charge 
wlnVh is always found in a Leyden jar after it has been discharged (p. 387). Paraday has 
t'ihU'in'onred to determine its amount in different dielectrics, so as to allow for it in 
(M’u iilating his results on specific inductive capacity. It is possible, however, that this 
flisfiirliing cause lias not boon sufficiently allowed for, and that, if correctly estimated, 
i( ini;dit be fijund fully ailecpiate to account for the differences observed in the 
•live powers of different insulators. Hi ess {Reibmigfi-K/, ctrhitat, i. 356) attributes 
i!) ’ entire effect to this cause. At all events, the o.xporiment^ hitherto made aro 
n, ifii. r numerous enough, nor accurate onough, to establish a fact so important to the 
lii- i>ry of t.'lectrieity as that of specific inductive capacity. 

3. Indnctfoyi ihraucjh dielectrics takes idaejc, not always in straight lines, as commonly 
but very often in curvrd lines, 

Wlh u a cliarged body is placed in the midst of a dieloetric medium, such as the 
;nr, wilh no conductors near, tlie particles of the dielectric become polarised in the 
ninii I u r already described, the inductive action radiating outwards in all directions 
in si might lines; but wlicm conductors como in the way, the lines of inductive 
f nv change their direction, curving to a certain extent round the conductor, this cur- 
V iliire resulting, partly from tlic action of the condnetors, partly from the mutual 
ai'tiiui of the polarised molecules of tho dielectric, whereby a force is produced trans- 
v. rs(^ to the lines of inductive force, and giving them a tendency fo bulge outwards. 
Til is same transverse force is probably concerned in tho magnetic action of t lie electric 

carrt’iit. 


^ Tor proof of tin's curvature of tho lines of inductivo action, Faraday relics, partly on 
t]i.‘ visible forms of the electric disoliarge in gases, as seen in tho spark and iriore 
rsp. cially in the brush discharge, partly on certain experiments specially directed to 
till* ju'iiit, of wliich,as the mode of action is the same in all, it will be siiifieient to cite 
t!;e following. A cylinder of slndlac A (fg. 39-1) set in a vertical position is excited 
jicgalivi'ly by friction; and upon it is placed a brass luMnisphero B. An insulated 
carricr-ltall is placed in contact with tho hemisphere, and above it, in tho several posi- 
tions /, k, /, m, n, 0 , 2 ), then uiiinsulatotl by touching it with the finger, insulated again, 
nihl tlii*n brought in contact with aii <*Iectro.scope or elect roiiu'ler. 

In all cases, it i.s found to have received v, -positive charge. This ^^9' ^94, 
cliarge is evidently a ehargoby induction, and Faraday regards it ^ 

as a proof that the induction takes place from the surface of the 
cxcitial lac through tho air in curved lines, bonding, indeed, round 
till’ siii face of the brass liemispli<u’e. The effects are exactly similar 
wlieu a globe or a plate of brass is laid on tho top of tho excited 
sln^llac. 

It is, however, not difficult to show that these and all similar 
phenoniena are perfectly in accordance with the theory of action 
at a distance in straight lines. In fact, the ap ^ ’ 


represented 


in figure 394, is merely a modified form of the electrophoms, and 
the explanation already given (p. 385) of the action of that 
instrument may be upplicHl, almost word for word, to tho results 
obtained with Faraday’s ajiparatus. The shellac stem being ex- 
cited negatively, acts inductively on the brass hemisphere, ren«ier- 
ing the lower surface of it positive, and the upper surface, 
together with any other conductor in contact with it, negative. 

VVh(m, however, the brass hemisphere is uninsulated, as by 
touching it with the finger, the negative electricity is driven into 
no ground, and the whole surface of the hemisphere, and of the carrier-ball in contact 
^th it, as at /, k, I, or w, becomes positive; consequently, when the hemisphere is 
Jfpun uninsulated, and the carrier-ball made to touch an electrometer, it exhibits a posK 
When the carrier-ball is held above the heniFpliero, the hitter is insulatedji 
the — on its upper surface acts inductively on tho carrier-ball utf?, o, or«u 
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rendering it, while insulate •positive below and negative aboye, bat when uninsulated, 
wholly positive, so that in this ease also, tke ball, when again insulated and carried^ 
the electrometer, shows positive electricity. 

Faraday sa^s, however, in allusion perhaps to such a mode of explanation, “ To 
suppose that induction acts in some way through or across the metal, is negativ^ hv 
the simplest considerations ; but a fact in proof will be better. If, instead of the bail 
[or hemisphere] B, a small disc of metal be used, the cairieo’ may be chaiged at or 
above the middle of its tipper surface ; but if the plate be enlarged to 11 or 2 inches 
in diameter, then no charge will be given to the carrier when applied at tlie centre of 
its upper surface, though, when applied nearer to the edge, or even above the middle, 
a chaise will be obtained ; and this is true, though the plate may be a mere thin film 
of gold-leaf. Hence, it is ^lear that the induction is not through the meftal, but through 
the surrounding air, or dielectric^ and that in eurvod lines.” 

The non-charging of the carrier at the centre of the circular plate may, however, be 
explained in another way. When any conductor or chain of conductors whatever is 
placed under the influence of an electrified body, the two extremities of the conductor 
become oppositely electrified, and between the two there must be somewhere a neutral 
point or line. The exact position of this neutral ^>oint or line will depend upon a 
variety of circumstances, as on the form and size of the conductor, its distance from 
the charged body, and the strength of the original cliaTge ; but it must always l)e 
found somewhere, and there is no difficulty in supposing that, witli the particular ar- 
rangement in question, it would be found at the centre of the plate. Indeed, with the 
hemisphere (fig. 394), the charge of the carrier-hull regularly diminished from the edges 
towards the middle, being 112° at /, 108° at X*, 66° at /, and 35° at m’ and with forms 
intermediate between the hemisphere and the flat disc, a regular gradation of charges 
at the middle point w'ould doubtless be obtained. 

But, ns already observed, the action in this and all similar experiments, is merely 
‘that which takes place in the electropliorus, the condenser, the coated plate, and, 
indeed, in every conceivable arrangement in which a conductor is first p4aced under 
the influence of an electrified body, then uninsulated, and lastly insulated again. In 
*all such cases, supposing the electrified body to be chained with + the —Eof the 
eonductor is drawn to its nearer exti*emity, and on unineulating it, the + K is driven 
into the ground, so that, on again insulating the conductor, and removing it from the 
^"'ijeSghbourhood of the charged body, ft appears whollg negative. The explanation of 
this effect on the commonly received theory of action at a aistance, is clearer and more 
satisfactory than any explanation that has yet been suggested on the hypotluHiis of 
induction in curved lines. 

The theory of induction in curved lines is further said to bo supported by the fact 
that electric discharge, especially in the brush-form, frequently takes place in curvof*, 
as in figs. 395, 396, which represent the brush as formed l)e4wee!ii a charged eou- 


Fig. 395, 



Fig. 396. 


ductor and another on which it acts by 
induction. But in such cases, as well ob- 
served by De la Rive (IVaitit i. 146), the 
curvature of the lines of discharge is not a 
primary, hut a secondary effect, depending 
on the action of the conductors. 'Ih® 
particles of air situated between the 
Oppositely charged conductors become 
polarised, in the same manner aa iro*i 
filings between two opposite mspietic 
poles, and arrange themselves in a similar 
manner. The curves of the electric dis- 
charge, as illustrated by the preceding 
figures, have, indeed, a strong genend re- 
semblance to the magnetic curves, as shown 
by iron filings. Now the form of the 
.ettc curves is determined by tbe joint action of the two 

npon the law of magnetic action with regard to distance: the curves atft m 
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tlio graphic expression of the law of inverse squares (see Rein Rive, i. 592). 
Now” it is not to be expected that the curves of the electric discharge between 
two conductors should exhibit the exact form of the magnetic curves; for they are 
aistiirbed by the influence of surrounding conductors, and by the continually 
distribution of the charge on the surface of the conductors between whicli 
tlifv lire formed; nevertheless, the resemblance is sufficiently close to show that 
they are produced in a similar manner, and depend on the same law with regard to dis- 
taiK’i'. Robison {Michariical Vhilusoph^ iv. 53) describes an experiment, in which 
a tliin brass plate, coated with red scaling wax, was placed on two small insulaUal balls 
charged with opposite electricities, and a linn powder of black sealing wax was sprinkled 
(ni Mie plate from a considerable lieight; on tapping the plate gently with a glass rod, 
the fine particles of wax arranged themselves in curved lines, diverging from the point 
over each of the balls, just like iron-tilings under the influence of a magnet. 

Tilt' mutual action of conductors at a distance is then by no meiins inconsistent with 
the polarisation of the particles of the insulating medium; indeed, a number of non-con- 
(liieting part icles exposed to the action of two oppositely olcctrifled bodies, or two cen- 
tres of opposite electric force, inmt become jK)lariscd ; but this is a very different thing 
from supposing that the charging of a conducting body by the influence of another cannot 
(jkt‘ place except through the intervention of those non-conducting particles. What- 
( Vi-r supposition we may make as to the manner in which a conductor becomes charged, 
whctlicr fto use Faraday’s expression) it polarises as a whole, — as if we suppose aquan- 
fit V of electric fluid to bo bodily transferred from one end of it to the other, — or whether 
the polarisation affects eacli individual particle, it is certain that conductors are more 
susceptible of electric influence than non-conductors (the terms arc, of course, used rela- 
tively), taking a charge with facility, and returning with equal facility to their natural 
state when th (3 disturbing force is removed. This being tho case, wo may expect that 
a etmluctor placed at a certain distaneo from a charged body will be electrified or« 
jiolariscd by its influence before the intervening no7i-conducUng lyariklvs, just as if a 
iiiimV)or of v(‘ry hard stool fllings arc strewn between a magnet and a l)ar of soft iron, 
tlio soft iron will be magnetised instantly, while tho steel filings midway between thq 
two will not become polarised, at least not to their full extent, for some considerably 
time. Rut hirther may, wliile still retaining the hypothesis of action at a distance, 
siipi-ose that a charged conductor is itself an aggregate of ojipositely polarised particles^ 
\V(> kiunv, from tlie phenomena of magnetism, that a heap of magnetised partieh'S, with 
tin ir similar poles all turned tlie same way, acts just as if one half of the mass pQp- 
sf-ssed north, and the other half south polarity; tlms a tube full of steel filings, 
Ttiagiu tised l>y any of the ordinary iiKjtliods, acts exactly like a magnet with a north 
jx'le at one end, a soutli at the other, and a medium line between them; in fact, in the 
iniMdle of the mass, the opposite polarities neutralise each other, and show fh(‘m- 
solves only towards the cmls. Just so must it be in a mass of particles, each of which 
Inis its two ends in op»posito electrical states ; the mass will acton external botlies, 
jii>l as if one half of it were charged with + E and tho other with —E. 

This view of the state of a cliargeil conductor may perhaps afford the true explana- 
tion of the well-known fact that the charge of aeonducting body ap{)Pars to l)e confined 
to its extfrnal surface. The ordinary theory attributes this siipedicial distributioTi 
to the mutual repulsion Ixjtween the particles of the electric fluid, an explanation, 
wliieh is perfectly satisfactory wlien once tho hypothesis is admitted. Faraday, on the 
otInT hand, maintains that the charge of a conductor is confined to its surface, i)ecauso 
it is only there that tlie fiarticles of the condu<‘t^)r are in contact with those of the sur- 
rounding dielectric, by which alone their charged or polarised state can be retained. 
Jiut why, on his own hypothesis, should not fliese superficial particles jx>Iarise those 
next to them, and these the next, and so on throughout the mass ? It may be true that 
the particles of a charged conductor return to their natural state the instant they are 
removed from the influence of a disturbing force ; but while the superficial particles are 
polarised, the interior particles must bo subject to their influence. The fact that a proof- 
piano applied to the interior of a charged conductor receives no charge, proves nothing 
more than that all the forces there, acting upion it balance each other, and their resul- 
tant is nothing ; indeed it is just tho same when the proof-plane is applied to the inner 
fiurfiice of a hollow metallic conductor, although the metal there is in contact with the 
ail*, just as much as on the outer surface. 

In illustrating the action of the electric forces by the analogous phenomena of mag- 
netism, we must be careful not to push the comparison too far. Up to a certain point 
electric induction, in its effects at least, is similar in every respect to magnetic induc- 
fion. A charged body disturbs the electric state of another l>od^ in its neighbour- 
hood, just as a magnet induces polarity in a neighbouring piece of iron, and in the one 
case as in the other, the disturbed body returns to its ordinary un^Iarised state on 
the removal of the disturbing cause, provided, in the case of electricity, the charge ox 
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disturbance does not go beyond a certain degree of intensity. But if that limit U 
passed, discharge takes place between the two bodies in the form of a spark or other- 
wise, and after that, neither of them returns to its former state when they are sepa- 
rated; the original charge then appears dividod between the two, the one losing what 
the other gains, just as when a liquid is poured from one vessel to another. I^ow there 
is nothing in magnetism analogous to^ this : a steel magnet may induce the most in, 
tense polarity on a piece of soft iron in contact with it, so that the two cun only I © 
separated by the exertion of groat force ; but the separation onee elFectoil, every tlun» 
is as before ; the soft iron loses all its magnetism, and the steel magnet returns to its 
original state of polarity. 

In the representation which it affords of the phenomena of electric discliargo — in 
other words, of the division of a charge between two bodies— tlio ordinary fluid theory 
has certainly the advantage of clearness and precision. Moreover, the transference of 
an electric fluid from one body to another is by no means incompatible with the polari- 
sation of contiguous molecules. A body may contain an excess of one or tlie other 
electric fluid, and at the same time that fluid may bo accumulated on one side of eac-li 
of its particles in larger quantity than on tlie other. Discharge may also he conceived 
to take place by transference of the electric fluids in opposite directions, from p.irticle 
to particle, throughout the entire conducting chain. To explain this more fully, 
suppose a number of pieces of tin-foil to be pasted in a row on a plate of glass, airl 
that one end of tliis row is pn'seuted to the conductor of an eloetrical machine, while 
the other is connected witli the ground; a series of sparks will then be })ereeivcd at 
each interval between the tueces of tin-foil. N(hv suppose the iiuinl>er of these pieces to 
be increased, and the intervals between them diminishod in width ; the sparks will then 
be smaller, and tlie discharge more continuous ; and if wo imagine this diminution of tlic 
intervals to be continued indeflniteJy, they will at last become so small that the sparks will 
no longer be visible, but the discharge will take place witli a]q)arent continuity, as in a 
tnetallic rod; nevertheless, it will still bo in reality a sucvHvssion of discharges tVori! 
one littlo piece of metal to the other. An electric current may, therefore, be ivgardcd 
afl a succession of chiirges and discharges, taking place between contiguous partich’s. 


Theory of a simfe Ehctrfc bluuh 

Franklin attributed tho phenomena of electricity to the action of a single clectn'c 
fluid residing in all bodies, and capable of passing from one to anotlicr. The particles 
of this fluid arc supposed to repel each other, and to he attracted by the particles of 
ponderable matter ; and a body is in its natural or neutral electric state, when tho 
quantity of electric fluid contained in it i.s such that tln^ repulsion exerted by the whole 
of that fluid on a particle of electric fliiid situated externally to the body, is equal to 
the attraction exerted on the same parliele by the ponderable matter of tho boily. A 
body containing more tlian this nat»iral quantity of electric fluid, is in tho iwsit'n^c. 
state, and exerts a repulsive action on the electric fluid of neiglibouring bodies; and a 
hotly containing less than the natural quantity is in the 7uy alive state, and exerts an 
Httmetive action on tho electric fluid in iii'ighbouriiip: bodies. 

It is easy to see that this theory^ is capable of rendi ring an exact account of all the 
phenomena of induction and discharge. A body containing excess of electric fluid 
repels the fluid in a neighbouring conductor to the farther end, rendering that end 
positive, and tho nearer end m‘gative; and a body containing excess of pondorahlo 
matter attracts the fluid in a neiglibouring conductor, rendering the nearer end of that 
conductor positive, and the furtlier end negative ; and when the attraction between the 
electric fluid and the ponderable matter on the adjoining suriaces reaches a certain 
limit, ft quantity of electric fluid passes from the positive to the negative surface, in 
the form of a spark, tho redundant fluid of the positive body being then divided be- 
tween tlie two. It is \mneees.sary to go into details ; the explanation, in every case of 
charge and discharge, is tlie same as on the two-fluid theory, merely substituting 
the attraction between ponderable matter and electric fluid for that of the two electric 
fluids, one for the other. 

The Franklinian theory has, liowever, Iwen supposed to fail in accounting for the 
.mutual repulsion of two negatively elecirified bodies. Wlien two bodies, pith-balls» 
for example, contain excess of electric fluid, the mutual repulsion of the particles of 
that fluid will cause it to be most concentrated at their farthest ^ints, where, being 
prevented from going any farther, by tho rosiatance of tho air, it will cause the balls to 
fly asunder. But when the bodies contain loss than their natural quantity of electric 
fluid, their mutual repulsion cannot bo acoouiitcil for in a similar manner: hence 
Aepinus was induced to add to the Franklinian theory the assumption that tha 
.Uoles of 'ponderable matter repel each other. This assumption has usually been con- 
*Biderod as opposed to the well-known fact of univci*sal gravitatien ; but it is noi 
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ppessanly so : fi'n*, as pointed out hy Roget, in his treatise on Electricity, in the 
”j iNniry of Useful Knowledge,” the tendency of any Iwa bodies to move towards or 
r IV from one another, is the resultant of all the attractive and repulsive forces exerted 
f, 'tween them ; if therefore, we suppose the sum of the repulsive forces (that is, of the 
iarticles of electric fluid for each other, and of the particles of ponderable matter for 
c'leli' other) to he slightl}^ less, at the same distance, than the sum of the attractive 
forci's (exerted between the particles of ponderahlc matter and electric fluid), there 
li-ill r'lnain a certain residual attractive force, which may constitute the force of 

pravitatioM. 

^ On the other hand, we may observe that tlie assumption of a repulHive force T>etweeii 
the particles of ponderable matter is not at all retpiired to explain the plienoinenon 
^vhich gave rise to it. In fact, two negatively electriticd l>odies may be supposed to 
rcc’oile from each otht'r, not because they aetually repel each other, but because they 
attract one another less than either of them is attracted })y the suiTounding air, —just 
jKs :i balloon rises in the air, not because it is actually repelled from the earth, but 
bc(!ausc it gravitates less than an equal hulk of air. 

The Frankliniaii theoiy has ln‘eii supposed to receive considerable support from the 
v'. il-kiiown appearance of ilje j)osilive and negative brush (p. 389). The positive 
bn:sli, with its divergent ramifications, does certainly suggest the idea of a fluid 
f inal 'iy eji'cted tli rough a narrow aperture, whereas tlie negative brush and glow 
have rath. u’ the appearance of streams of fluid converging towards an aperture ; but 
til.' hcaiitilul expca irnonts of Faraday on the app)earance of the electric dischai-ge in 
tliff. reiit gase.s, show coiiclusively that the difference of character in the two brushes 
is much h'ss absolute than xvas formerly supposed, and that it depends essentially 
oil the natuiN' of the medium, Gassiot, in one of hi.s experiments on the electric 
dis’liaigi’ in vacuous tubes (Proc. Roy. Soc. ix. 605), speaks of “ the appearance of a 
.liivctiuii of a force' emanating from the negative.” 

]t woLihl he diflicult to single out an}' electrical jdionoinenon which affords a 
(!. . isivc jii'gnmcnt in favour of the theory either of one or of two electric fluids. 
Tli»' Iwodluid tlieoiy lias, Iiowcver, this advantage, that it ropiu'sents the negative 
vV t.- (>f electric charge as tlie exact counterpart of tlie positive ; whereas the one-flnid 
fli.'.ry assnnios a fundamontal <liffcrence between the tw’o, 1 ‘egni‘dijig one as arising 
f'.cii an ex('es.'3, and the otlier from a (h fleieney, of I'h'ctric fluid, without being able 
t.) s iy decidedly wliich is in excess and which in di'fi'ct.. The positive or vitreous 
^^:lte is indeed generally regardc'd ns arising from excess of electric fluid ; Init, with the 
t \e, pl:on of certain ap|)earancos of the elect i‘ie light jn.st not iei'fl, no dilh'rence lias 
y.f bei'ii pointed out between the plienomena of posilIvi*ly and negativc'ly eloctritied 
h di. s, enpable of indicating in which of llie two the excess is to he foiiruR 
(M’ late years, the study of tlie relations of elect ricity to heat, light, magnetism and 
r:i.M-!i;uiieal force has led to the notion that its elfeets are dne to peculiar avraiigernents 
Mi.:l iiKdioiis of the particles of ponderalde matter, rather than to the movi'inonts of 
;ii y peculiar fluid or fluids. And, however clear may bo tin.' view wbii-h the fluid 
ih.i ory allbrds of tlie ])honnmena of (doetric cliarge and dis^diargo, it is not difhcult to 
ii ; ;ird tlicso phenomena, at least in tlnn'r general features, from a diffiTont point of 
vi' w. The opposite eharaetei-s of the two electricities may be siipj'osed to arise from 
Iwo dilTcrent kinds of motion among the particles of bodies, ]ierliaps analogous to the 
vihraiioiis of rays of light ]>olarised in difl’erent planes; and the division of an electric 
< h:.rgo between two bodies, may be compared to the <livision of velocity which taki's 
pl i'-' when a body in motion strikes anotlier at rest or moving in a difierent 
tlirfvtion, 

111 considering this question, however, it should not he forgotten tlnat the pheno- 
r.iPiia of light, and certuin disturbances in the motion of comets, jwint to the existonco 
of an ethereal medium^ peiwading space and filling up the intervals betwi'cn the jiar- 
tjoles of ponderable Imdies. Such a medium can scarcely be witliout influence on the 
oh elrio state of a body; and, admitting its existence, it is by no means improbable 
lhat it may have a translatory us well as a vibratory motion, the former giving rise to 
the phenomena of electricity, the latter to those of light, 

DkvelovmFiNt of Electricity by Mechanical Action. 

1- By Friction. The development of electricity by the friction of two solid bodies, 
ouc jit least of which is a non-conductor, has already been considered (pp. 376, 377). 
vVe have now to notice the electric effects produced by the friction of pulverulent 
bodies, of eonducting solid bodies, and of liquids. 

PowdcTO projected from a pair of bellows, become electrified by friction against the 
tube, Rcnnett made the curious observation, that powdered chalk, Idown from 
t bellows against the cap of an eliKrtrosc’ope, exhihiliMl -f ii' when the cap was 
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about 5 incbes from the nozzle of the bellows, but — JS? when the distance 
6 inches. The powder is in fact positively electrified by friction against the tubT!!! 
the bellows, negatively by friction agxiinst the cap of the electroscope, the one or th 
other of these effects predominating according to the distance. Pounded ice ^ 
very diy snow become electrified wlien blown from a bellows. 

Powders become strongly electrified by passing through sieves. Pulverised eartl 
and a lai^e number of solid acids acquire negative electricity when sifted throiurh 
organic tissues. Many powders become electrical when stirred. Dry oxalate ^)f 
calcium stirred with a rod of glass or platinum becomes positively electrical in so 
high a degree that it is lifted out of the containing vessel on removing tlio rod 
(Faraday). Powders are also strongly electrified by rubbing against each other 
When sealing wax and sulphur in powder are rubbed together, the wax iK^comes 
positive, the sulphur negative. When pounded resin (colophony) and red lead 
rubbed together, tho resin becomes negative, the rod lead positive. A good way of 
exhibiting the opf>osito ohargos thus acquired by two powders, is to project them 
from a caoutchouc bottle having a glass tube inserted into its mouth and a piece of 
flannel tied over tho tube, against two brass knobs (the knobs of two Leyden jars for 
example), oppositely electrified; the resin is then wholly deposited on the positive, the 
red lead on the negative knob. If the powders are project^ against a resinous cake 
two points of wliicli have been oppositely electrified, they collect round the points 
in very remarkable configurations, called Lcuchtenhcry^s figures, the resin being 
deposited round the positive point in beautiful arborescent forms, the red lead roiiiid 
the negative point in round patches, or sometimes in concentric circles, altogi-thcr 
destitute of arborescent character. The difference is of tlio same kind as that bet svecii 
the positive and negative brush in air ; it would bo interesting to observe liow the 
figures would bo modified in atmospheres of different gases. 

Friction of Good Condiictors . — Metals and other good conductors do not exhibit any 
■Jgns of electricity when rubbed together and then brougl it in contact wit li an elec- 
troscope, because the opposite electricities recombine more quickly than the siu’faces 
can be separated. If. however, one of the metals, in the form of filings, is made to 
fall over the surface of the other, signs of electric charge lajcome apparent, bceau.'^o 
the fine division dimini.shcs the conducting power of the metal. Bccquercl finds tliat 
when filings of any metal are projected against a plate of the same metal, the filings 
become negative, and tlie plate po.sitive, the effect being stronger as the metallic powder 
is finer and moro^ rapidly projected. When the plutc and the filings are of different 
metals, tho effect is complicated by the electric charge re.sulting cither from simple 
contact of the two, or from chemical action exerted on one of them by the moisture in 
the air (p. 414), so that the effect duo to friction cannot be exactly aseortained. 
Copper filings become negative when projected against plates of zinc, lead, tin, iron, 
bismuth, and antimony; zinc filings positive with plates of platinum, gold, silver, 
copper, and tin, — negative, with plate.s of zinc, bismuth, antimony, and iron. Pulverised 
metallic oxides and sulphides are positive with respect to the corre.sponding metals. 

To exhibit the electricity devidoped by rubbing together solid pieces of good con- 
ductors, it is necessaiy to make use of the galvanometer. JSolder a narrow strij) of 
copper plate to one end of a galvanometer wire, and a similar strip of iron plate to the 
other end, and enclose the junctions, together with a portion of the plutes, in corks, to 
serve as handles, so that no heat may be communicated fi*om tho hand to the metal. 
If the two plates are then simply brought in contact^ no electric effk't will bo apparent ; 
but on rubbing one plate lightly over the other, taking cure to separate the rubbed 
parts as quickly as possible, l)Ut still maintaining the contect, the needle of the galva- 
nometer will be deflected, its direction indicating tlie passage of a current of positive 
electricity from the iron through the wire to the copper, and therefore showing that the 
iron has been rendered positive by the friction, and the copper negative. Of the bodies 
in the following table, each one, when thus treated, becomes negative with all those 
which follow, positive with all those which precede it : Bismuth, jtalhdium, platinum, 
lead, tin, nickel, cohalt, copper, gold, silver, iHdium, zinc, iron, cadmium, arsenic, an- 
timony, anthracite, peroxide of manmnese. This is tlie same as the thermo-electric 
series (p. 412); nevertheless, the effects do not appear to be due to heat; for, if two 
cylinders, about 4 inches long, one of copper, the otlier of iron, are attached to tho 
ends of the galvanometer wire, and rubbed together in such a manner that the same 
points of the one may traverse the entire length of the other, whereby these points are 
heated much more strongly than the surface, the same current is obtained, both in 
direction and in intensity, whether the iron be rubbed in this way over the copper, 
or the copper over the iron. The degree of heat evolved in either of the metals is, 
therefore, without influence on the result. 

Friction of Liquids, — It was formerly supposed that ^h ctricity is not developed 
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fho friction of liquiils against solid liodies. Subsequently, however, it was found that 
r^ids, in the form of very small globules, either alone or mixed with air, yield a con- 
IXrable quantity of electrieity by friction against solids ; alcohol, ether, and liqiiid 
resins projected in this manner against rough glass, render it strongly positive. 
Jeremy may l>e rendered highly electric by friction. When a small quantity of 
meicury, contained in a foot-glass, is connected by an iron wire with a gold-leaf elec- 
troscope! and a solid body, such as a glass rod, j^artially immersed in it, no signs of 
rlectric excitement are manifested during the immei-sion ; but on gradually withdrawing 
the solid body, the leaves of the electro9eq)e divergt\ the excitement increasing as the 
solid l>ody is withdrawn, and reacliing its maxiimim at the moment when it leaves the 
mercury. With organic substances, such as pap r, linen, wool, woollen cloth, silk, 
sarcenet, feathers, and fidt, the mei*cury takes a positive charge ; with feathers and 
frit, when very dVy, it sometimes gives sjwirks. Mos^^t mineral substances (c. r/. rock- 
crystal, sulphur, and glass), render the mercury negatrvo; amber and sealing-w^ax 
give it a strong positive charge. 

Very large quantities of electricity are developed by the friction of water, in the form 
of minute globules, against solid bodies. Steam escaping from boilers often exhibits 
positive, and the boiler, if insulated, negative electricity. If one band, or a plate of 
metal, or a bundle of wires with numerous points, be held in the stream of vapour, and 
the other brought near the boiler, a spark may be obtained from the boiler. This 
j ffect accidentally discovered by a workman in Sir William Armstrong’s factory at 
Sighill, near Newcastle, was carefully investigated by the latter (Phil. Mag. [3] xxii. 1), 
\\]\n found that the intensity of the electric cha^e increased with the pressure of tlie 
f-team. and that the steam was in most cases positive, the boiler negative. Armstrong 
attributed the electric cxtutemeiit to the expansion of the vapour; but Faraday, by a 
ver}' careful analysis of the phenomenon {Kvpcrimental liesearches, ser. 18), has sliown 
that electricity is never excited by the pa.ssage of pure steam, and is mtinifested only 
when water is likewise pre.sent. Hence he concludes that the effect is altogether due 
to the friction of the globules of water against the sides of the opening, or against the 
Mibslanccs opposed to its passage, as the water is rapidly moved onward.s by the current 
of steam. Accordingly, it is found to be increased in quantity by increasing tlie 
pressure and iinpelliiig force of the steam. The immediate effect of this fi’U'fion is, 
ill all eases, to render the steam positive, and the solid.c, whatev<‘r they might Tm, 
la'galive. A wire placed in the current of steam at some distance from the orifice, 
oxhihits the positive electricity acquired by the sfrani, of wbieli it is then merely the 
recipient and conductor. The results may be greatly modified by tbc' shape, natuias 
ami tenqierature of the pa.ssages through which the steam is forced. The electric 
i liaigo is gnuitly increased by causing the jet of .steam to is.sue from a tube of Jiard 
wood. With an ivory jot, on the contrary, very little eleetrieity is pmduced. Heat, 
by I'rcveiiting the condensation of the steam intow'ater, likew i.se prevents tlu' evolution 
of elect ricity, which, however, .speedily appears on cooling the pas.sages, so as to restore 
du' water which is necessary for the production of that effect. The jdienomenoii of the 
rvolution of electricity in these circumstances is dependent also on the qualiii/ of the 
fluid in motion, more especially in relation to its conducting piower. Water will not 
excite electruuty, unle.ss it bo juire : the addition of any .soluble salt or acid, even in 
inimite quantity, i.s sufficient to destroy this projierty, Idie addition of oil of turpen- 
tiite, on the contrary, occasions the development of electrieity of the opposite kind to 
that which is excited by water; each particle of the water then becomes covered with 
ft thin film of oil, so that the friction takes place only between that external film ami 
tlie solids along whose surfiice tlie globules of liquid are earned. A similar but more 
pernianenr, effect is protluccd by tbo preseuce of olive-oil, which is not, like oil of tur- 
pentine, subject to rapid di.ssipation. 

Compressed air, w'hcn pure and dry, does not exhibit any sign of electricity when 
i.ssuiiig from an oriflec ; but if damp, it acquires positive electrieity, and renders the 
vessel negative, the effect being due to the particles of water condensed by tlie cold 
arising from the sudden expansion of the air. Tlie escaping air likewise becomes elec- 
tric if it is impregnated with fine dust or powder of any kind. Thus, when air, con- 
taining finely divided sulphur, issues from a mouth-piece of metal, wood, or sulphur, 
the air acquires +A’ the vessel —E', powdered resin’ renders the vessel negative if 
the mouth-piece is of metal, positive, if it is of woo<l ; starch-powder renders wood 
negative ; veiy finely divided silica imparts E to metals or to wood. The discharge 
of a dusty air-gun in the dark is attended with a flash of light, which is probably due 
to electricity developed in a similar manner. 

The general conclusion to be drawn from the experiments above described, is that 
elec^city is excited by friction between two solid bodies, or between a solid and a 
liquid ; but that the friction of gases against solids does not produce any development 
of electricity. 
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The electric excitement resulting from the fric^fon of water is appnea to the co 
struction of an electrical machine of great power, called the HynB0-Ei.E0TMc uiacbiTf* 

It consists essentially of a eylindi'icul boiler a 397), a set of e8cape4ul>e8c partlv 
Wi^ 097 enclosed in a condenser i, anj 

a conductor d. The boiler 
which is usually about 15 
inches in diameter and 3Q 
inches long, is heated by an 
interior fire-place fed vith 
cliarcoal ; / is the firodoor, g 
the chimney. The boilar ii 
su}>ported on four strong glus^ 
legs V, fixed to a frame wliicK 
stands on castors u ; s is the 
safety-valve; r a cock for 
letting off the sttnini, niul 
setting the machine in ac- 
tion, the steam first passiiiji 
into the tube t, thence into 
llio three small borizontul 
tul»e8 passing tliroiigli tlie 
condenser and issuing by 
the inout]i-t)ie.ces c*. The con- 
denser h contains cold water, 
not, however, reaebing to 
the level of the horizontal 
lulx^s, but supplied to them by 
cotton wicks hung over lliorn, 
and clipping into the water; 
the wicks thus become niois- 
tc'nod by capillaritv, and cool 
the tubes just sumciently to 
condenye a portion of the 
stoani. The steam which 
forms within the condenser escapes into the chimney by the tube g\ 

The construction of the mouth-pieces is of great iinportiince ; in fact, the powi'i* of 
the machine mainly depends upon them. The escape-tubes near their extrcinitirs aro 
widened in the form of a cone {fig, 398), and within this cone is introduced a pi(‘cc of 
, hard wood p, having the fomi of a truncated 

i uj. 398. cone, the smaller base of which is Join i d to 

p _ ^ the piece of metal m. The current of va])oiir 

striking against this piece of metal is divided, 
and forced to enter the slit; where it is 
again divided and passes into the tube in 
the axis of the wooden cone ; the screw ring 
n serves merely to keep the different party 
of the mouth-piece together. 

As tim steam passes through the coiKhuiser, part of it is reduced to minute drops of 
water, which pass on with the steam, and it is by the friction of these drops of water 
against the wood that the electricity is dt!veloped ; ih fact, the drops of water corre- 
Sj^nd to the rubber of an ordinary eh*etrical Tuacliine, the wooden niouth-pieco to the 
plut^ or cylinder, and the steam is merely the motive power serving to produce rapid 
friction. 

The steam, as it issues from the tubes, imjanges against a number of metallic points 
at the top of the conductoiv/, and charges the coiiduclor with +ii"; this conductor 
is insulated, and sparks are taken from the ball K. 

The tube xg serves to introduce different pulveriileiit substances into tbo course of 
the steam in order to study their influence on the nature of tbo electricity developed. 

Tho hydro-eicctric machine yields large quantities of ideclrleity, and of very high 
intensity. A gigantic machine of this kind, exhibited a few y(?ars ago at the Toly- 
technic Institution, having a boiler 3i feet in diameter and 6]^ feet long, charged a 
battery containiug 3C square feet of coated surface in lialf a minute, and gave sparl?® 
22 inches long, which instantly set fire to tow filled w’ith ])Oundt^ resin, and to a htap 
of wood-shavings, — effects which, with tho ordinary electrical apparatus, can only bo 
produced by the discharge of a large jar. 

. The hyaiH>-electric machine is not, liowever, verj^ well adapted for general use. IV 
(Mnnot bo used in an oitlinary apartment, as, besides the inconvonieuce of the ** 
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, to provide some means of carrying off tho steam, othei*x\’ise the atmo-* 

*Vro «oon bccomos q^ite unfit for electrical expc'rimonU. Moreover, to get up the 
- m to the required pressure, the tiro must be kept up for several hours, and to keep 
f) Mu.’ichine in a proper state of efficiency, the interior must be cleansed from time to 
time bv heating a solution of potash in the boiler, blowing it through the tubes, and 
tlieu wishing out with pure water. 

o Pressure. Priction is not tlie only kind of mechanical action by which 
IfCtricity may be developed; indeed, every molecular movement of a solid body, 
however produced, appears to bo attended with a disturbance of the electric 

' I bodies become oppositely electrified w’hen merely pressed together and after- 

■w;irils Si‘|>arated. 

Whou two parallel faces, natural or ai’tificial, of a mineral arc pressed between the 
■* tlie mineral frequently becomes electrical on these surfaces, generally showing 

iMisitive electricity. Calcspar retains tho electricity thus devehtped from three to 
iJevcn ‘lays, topaz and fluor-spar several hours, mica one or two hours, and rock- 
, rvstal for a shorter time. Talc must bo insulated in order to render it electrical ; 
];i*ivv spar and gypsum are not sensibly electrified (H any). -According to BccqucweL 
not !] tr i‘*e of electricity is perceptible while bodies aro being pressed together; i 
11 . t liJl thfy are separated that the one appears |)Ositively, the other negatively 
li^ otrificd. A slice of cork becomes positively eleetrific'd w'hen pressed against a slice 
or plate of caoutchouc, orange-})ecl, r€*tiiiasphalt, coal, amber, zinc, copper, silver, 
];y:Uiit'\or heated double refracting spar, these substances at the same time becoming 
m;r:i!ivo. On the contrary, the slict' of cork becomes negative \vith all dry animal 
b'.’.i'-t iiuicH, with licfivy spar, gypsum (which must be freed by drying from hygroscopic 
w:ii<'r). flaor spar, and double refracting spar, not boated, — tliose substances at tho 
saaio iim»‘ biwaiing positive. Two good conductors pressed toge(h(*r exhibit, when 

paiateJ, jjo other elecli'icity tlian that developed by mere contact. Two similar 
I' vii 's flo not beeomo electrical by pressure, unless one of them is at a higTu'r tempera* 
than tiie. other ; and then the lioltcu* body always becomes negative, the colder 
p '<ilive. The strength of the electricity thus developed depends upon tlic nature of 
ihf l.odI(.‘s, the slate uf their surfaces, the intensity of pve.ssure, and tho rapidity of 

i.:u’atIon. Cork prodin’es more ebictricity with calcspar, wlum tho pressure is 
rx.jLivl oji one uf the faces parallel to the. cleavage-planes, than with heavy spar; 
wit 11 the latter more than wntli polished rock-crystal, and with thi.s more than w’ith 
pvj, sum, or with tlie polished surface of calcspar; aiivl when pressure, tomjieraiure, 
lirvness, aii<l polish of the cleft surfaces are equal -- tliree times as much with calc- 
s].:ir as wlih gypsum. The intensity of tlie electricity varies directly as the pressure; 
sm wlu'ii the latter is doubled, the former is doubled also. Lastly, if the tw'O 
hi'ila's wli'ch have been pressed together aro slowdy separated, tho two electricities 
li:(\e time torenuitc, and a much smaller quantity remains in the free state aftcT tho 
^■('pM’ation. Lodies iN-ndered <‘leetrieal by pressure retain the elect rieity for a longer 
time, ill proportion as tiieir insulating or uon-conducting power is gj'euter. 


ay Cleavage and Separation of Surfaces. When two lamime of a 
of miea are suddenly tom asunder, there is not only an appearance of light 
but, one lamina becomes po:dtiv(‘ly, tho other negatively electrified ; if again 
together and siil>soquently .se|.)arate<l, they again appear eleirtrified. Also, 
‘^a tlio cleavage of calcspar, iluor-.^^par, heavy spar, topaz, talc, and dry w'armcd 
and on tearing a ]Liying-card into its two .slieets, tlie separated laminae 
J‘l']'e:ir oppositely electrified. In topaz, whose cleavage takes pdaeo parallel to the 
ti rmiiml faces of the prism, the cleft surface belonging to one end of the prism exhibit 
ff'tm'iiim.g one kind of electricity, somctnne.s the otlier. When melted shellac is 
IKum'd upon glass and pulled off after cooling, both become electrified. Non- 
‘'ryst.dline bodies, such as sealing-wax or glass, exhibit no electricity when broken. 

fwo sheets of paper stick fast together when rubbed with india-rnblier, and, on 
being pulled asunder, appear strongly charged with opposite electricities, often suffi- 
‘■hait ly to give sparks. 

The electric effects obtained in the solidification of fused Rul»stances depend, like 
tho preceding, on a disaggregation, or forcible separation of }):irticles. WTion melted 
1‘ulphiir is poured into a short glass vessel of conical shape, and a glass rod is irisi'rted 
lido the sulphur before it solidifies, no electricity is apparent so long as the .sulphur 
r<*niains in the glass, but on lifting out the s<»lid cone l»y the glass handle, the 
1‘ttlplnir exhibits + 7i’ the inner surface of the ve.sHel — K. Similar efects are exhibited 
by ohocoliite and glacial phosphoric acid when melted and left to solidify in glass 
vessels. The development of electricity in these case.s depends on the separation of 
twi two surfaces by the contraction of tlie melted mass; sub.stance8 which expand on 
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cooling, like ftwible metal, exhibit no electricity when left to solidify in glass vessol 
Hence Qay-Lnssac concluded, that the change of state from the liquid to the solid is nt 
a direct source of electric excitement, but merely serves in some cases to produce^^ 
molecular disaggregation, which is the true source of the electricity. If sulphate ^ 
copper and potassium be brought into a state of red-hot fusion in a platinum eriicil)]^ 
connected hy a ring of wire on which it rests witli a Bohnen])orger’8 electro.sc(ii^l 
(p. 428), and then left to cool, no electricity will be apparent during the crystallisatiou • 
but us soon as the crystalline mass begins to contract with an audible decrepitation 
and falls to pieces gradually and spontaneously, the formation of each new fiss^ire ij 
accompanied by a development of electricity, and llie effect goes on till tlie whoiu 
crumbles to dust. (Hbttger, Pogg. Ann. 3. 43.) 

4. By Vibration. When a metal rod having one of its ends coated with resin ig 
made to slide through an insulated metallic ring, so that vibrations may be produml 
in the metal, and communicated to the resinous coating, the rod and t)ie coating botii 
)*ecome electrical ; tlie kind of electricity developed in each of them depending on tho 
direction in which the rod is moved. When the rod slides through the ring with the 
covered end in advance, the uncoated portion of the rod, and therefore also the inner 
surface of tho resinous coating, becomes negative: the outer surface of tlie coating at 
the same time becoming positive, as may be shown by hanging a small metal ring over 
it^ and connecting this ring by a thin wire with a delicate gold-leaf electroscojjc. On 
reversing the movements, the electric charges are likewise reversed. If lioth einls nf 
the rod are coated, and connected in like manner with electroscopes, they oxliil»it 
opposite electricities at each movement of the rod. 

Different metals exliibit this effect in various degrees ; brass and silver much mon> 
strongly than iron or steel. Tho effect is due to tlie longitudinal vibration procliicvd 
in the rod, which sets the particles of the resinous coating also in vibratory mol ion, 
and seems to cause them to arrange thcmseh'es in a polar chain, so that the two sur- 
faces of the layer exhibit opposite polarities. That it is not due to mere friction is 
proved by the fact, that the direction of the electric polarity remains the same as aluivft 
when the ends of the rod arc coated with sulphur, but is reversed when they ar« 
covered with pieces of glass tube; it is likewise unaltered when the inner surfacr- of 
the ring is coated with various substances. Wh<*n rods composed cni irely of n sin, 
sulphur, or glass are used, tho effects are the same as when the ends of a metal rod are 
coated with these substances ; gUuss, however, becomes much more strongly excited thiin 
resin or sulphur, liecause it is more elastic and vilirates better. It is remarkablo tliat 
these effects are produced quite as strongly in a vacuum as in air. (V'olpi colli, 
Compt. rend, xxxviii., 16 Mai, 1854). 

Wlieu the ends of a galvanometer wire arc Connectod by a wire composed of hmas 
and iron soldered together, and this compouml wire is stretched and made to vila-ate 
no as to give out a musical sound, tho needle is immodialely dcflcctecl, indicating tlio 
production of an electric current. A compouml bar of antimony and bismuth soldcnHl 
together, end to end, 26 centimetres long, 10 mm. wide and 7 mm. thick, exliihilfl 
this effect very strongly when connected with a galvanometer, and struck witli a 
piece of iron. A similar effect may bo olduined with a bar of a single metal, iron, 
for example, one portion of which is hard and crystalline, the otlier soft and fibrous, 
(Sullivan, ArcA/ws X. 480). Ermann {ihid. y. 477) has also shown 

that when different metals are combined together, as for thermo-electric couples (p. 412) 
And rubbed slightly at the point of contact, currents are produced inthesamodii’ertion 
ns if heat were applied. The effect is not, however, due merely to heat developetl l»y 
the friction, but is a direct result of tho vihriition or molecular disturbance thence re- 
sulting; for tho current shows itself tlie instant that the friction commences, and ceases 
when the friction is discontinued, however long it may have been kept up. 

When a long unanncaled copper wire supported at intervals on props, is connected 
with a |;alvanometer, so aa to form a dosed circuit, and one part of it raised ot 
lowered, and then relea-sed so as to throw tho wire into vibration, an electric current is 
sometimes produced. If tlie needle does not move, it is probable that equal and 
opposite currents arc produced in different parts of the wire ; in IhAt case, if one part 
of the wire he hardened by hammering or twisting, and the movemont then repeated!, 
a current will be produced. These currents are not due to the inductive action of ll>j 
earth’s magnetism ; for they are produced in the same way whether tho wire l>e plae^ 
parallel to the magnetic meridian, or inclined to it at any angle whatever. (Pci tier. 
Archives ctElectr, i. 146). 

It appoaire then that every molecular disturbance takii^ place in a solid 1^7 ^ 
attfmd^ with a dsvelopmcnt of electricity. Whether the electric polarity tbo* 
prodae^ actually consists in a peculiar arrangement of the molecules of the body^ ^ 
m particular movements imparted to tliem, or arises from a new arrangement of the 
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. Huidd aflsociated witli them, is a (juestion which caanot at present 

dectnc whole of the phenomena just described appear to indicate 

^ electric polarity, whatever it may be, affects each separate particle of the 
Ve may suppose indeed that the separate particles of bodies are always in a 

1 sed condition ; but that when a body is in its ordinary state, the poles of the 
particles arc disposed without any regular order, so that their resultant action 
Bereni^ particle is nothing, and that electric excitement consists in turning all 

T>^”inilart)oles in one direction,—- just as a glass tube filled with steel-filings acts like 
r niairnet when the filings are all regularly magnetised, but loses its polarity 
the regularity of the arrangement is disturbed by shaking. The opposite elec- 
fion exhibited by two surfaces of a crystalline substance, like mica, when broken, 
be compared to the effect of breaking a bar-magnet in two, and seems to show 
fhit the opposite polarities of the particles of the crystal neutralise each other when in 

iitut and manifest themselves wdien separated. The comparison must not, 
f^wever, he carried too fiir : for if a crystal were made up of polarised particles 
svrnmetrically arranged, it would constantly cxhilnt opposite polarities at its two ends. 
The effect of motion, in allowing the particles of a body to assume the symmetric 
•ipnin'>‘cment essential to electric polarity, is strikingly shown by the experiments of 
Voipicelli and by those of Sullivan and Erinann ; the latter also indicat e a close 
conmvtion between the effect of median ical disturbance and that of licat, which wc 
now proceed to consider. 

Development op Ei.ectricity by Heat. 

I. In Cn/fttah : — Vy to - electricity . — Many crystals, while their temperatare w 
rising or falling, exhibit contrary electricities at their opposite ends, those extremities, 
or poles, which are positive while the crystal is being heated, becoming negative while 
it cools. Tlic effect is altogether dependent on chan ye of tnnperaturc, no crystal 
(.‘xhibiting any electric polarity wdiilo its temperature remains constant. 

That polo of a crystal at which the algebraic sign of the change of temperature is 
the same as that of the electricity developed (c. wdiich exhibits + E while the tom- 
pvmturo is rising) is called the analogous pole ; the other, the antilogous pole. 

The electric polarity of crystals appears to be essentially related to liemihedry, and 
in niiiny instances to the non-superjiosiblehemihedi’y exhibited by Pul)stanceH which 
]K>ss*'ss'tho pow'cr of cimilar polarisation (see CRYSTALLofinAPHY, p. 167). It wasfii*st 
rhxTYed in the tourmalin, which has long been know'ii to possess the power of uttract- 
iiif? light bodies when heated. This mineral usually cry.stallises in nine-sided prisms 
of the hexagonal system {fig. 399), which may ho conceived to be formed from the 

Iriangular prism (Crystallography, p. 143) having each of its edges bevelled 

l y two sin:ill prismatic faces, and acuminated at both ends by three rhomhohedral 
f;u' ’s (donotrd by P in the figure), which at one end, a, are .set 
uvioii the face.s of tlie triangular prism, and at the other end, 6, 
on its filges. The end a is the analogous pole, becoming posi- 
tivr when the ciystal is heabnl, negative as it cools. 

The manifestation of electric polarity in the tourmalin is con- 
fined within certain limits of temperature, mostly between 10° 
iiiid 160° C. ; these limits vary, however, according to the length 
of the crystal. 

A heated crystal of tourmalin suspended by its centre may 
he attracted and repelled by electrified bodies, just as a mag- 
netic needle is attracted and repelled Viy other magnets ; it fur- 
ther resembles a magnet in this respect, that on breaking it 
across, while still in trie electrically polarised state, each of the 
l^ragments is found to have a positive and a negative pole, show'- 
ing that the electric polarisation affects each individual particle, 
and that in the excited crystal all the particles have their poles 
symmetrically disposed. 

In most crystals, the electric polarity is much less )io\verful 
dian in the tourmalin, and in some cases can only ho detected 
by the use of a delicate electroscope ; but the general laws affect- 
ing it are the same in all, 

Inhoracite, which crystallises in the form oo 0 oo . - {fig. 400), the four cubic 

®nmmits which are truncated by shining tetrahedral faces, are antilogous poles ; the 
<^ther four, which are either not truncated at all, as in the figure, or truncated by dull 
tetrahedral faces, are analogous poles. Silicate of zinc, or siliceous calamine, which 


Fig. 399. 
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is unsymmotrical at tho ends of the principal axis, has «'in analogous polo at th 
which is uppermost in figure 114 (p. 714, voi. i.), antilogous at tho low^ extremity 

Fig. 400. Fig, 401, 




Cane-sugar, vliicli crysf allisps in tho form shown in figure 401, often boronirs 
hemihcdral from deficiency of tlie faces [Poo ] .-it one extremity of the orMiodiii-Tonal, 
wliile they are present at the other. According to Tlankel, the end at which 
faces are wanting is an analogous polo, tin* opposite extremity an antilogous pole. 

Brazil! an topaz becomes electrical when heated, the Siberian variety slightiv, 
tile Saxon not at all. On heating the two former varieties, —A’ appears at both oiaia 
of tho crystal, and -f E on all the lateral faces. 

.1 ’yro -elect ri city is likewise exhilnted by the following crystallised bodies, all of 
whicli are lieniilnMlral ; axinite, prebnite, spliene, mesotype, skolezito, mesolitc, 
rbodizito, rock-crystal, amotliyst, tartaric .acid, neutral potassic tartrate, Rochelle salt, 
and in a sliglit degree by milk-sugar (Gm. i. 319). According to Brewster (Pojrj^. 
Ann. ii. 301), many crystals not hemihedral are nevertheless pyro-eleetric, viz. diamond, 
Hulplinr, sulphate of ammoiiiinn, carlionate of potassium, chlorate of pot.LSsiiun, bcavv 
spar, c<Ble.stin, (‘alcspar, fluor spar, sulphate of magnesium, sulpliate of inagricsiiiin njid 
sodium, beryl, iolite, diopside., vesuvian, garnet, an.ilcimo, rt'd orpinient, cerusiifc. 
green vitriol, fcrrocyaiiide of potassium, corrosive sublimate, ox.ilate (^f .amTnoniu!ii. 
citric acid, and acetate of lead. Since, however, Jh’ewstor merely examined whether 
the.se bodies exliibited signs of electric excitement after being heated in a flame, — 
an effect which might proceed from various causes, — the correctness of his stiitement is 
doubted by Ifankel, who examined most of these siibstanc(5.s, and found no signs of 
crystal-cleetricity in them. At all events, it is cei-tain that cl(M-tric polarity is much 
more strongly exliibited by hemihedral tlian by holohedral crystals. 

2. M Good Covdurtors: — Thermo-cicctrici tg . — When one part of a motallio 
circuit is more strongly boated tlian the rest, an electric current is excited in it iimh r 
the following circumstances : 

a. When the circuit coiisi.sts of two metals, and one of Ihe points of junction 
heated. 

b. When it consists of a sin >:le m:*t;il, and the heating which takes place at a 
particular part diminishes more ra])idlv on on<> .side than on the other. 

a. With /zee ilfr/zz/.s. When two pieces of difierent metals connected with a 
g.alvaiiometer, are united by sohlering or l)y intimate contact, an electric current is 
set up, as soon as the point of junction is lirought to a temperature different (either 
higher or lower) from that of the rest of the eircuit. (Se(d)eck.) The strength of tho 
current appeal’s to be in direct proportion to the difference of temperature, its 
direction depends upon the nature of tho metals employed. Tho metals may be 
arranged in a thcrmo-elcetno St virf;, .such, that each metal, when connected with the 
one on its left humi, transmits negative electricity, and when connected with that on 
its right hand, positive electricity, from its licated point to tho galvanometer, — me 
point of junction being snppo.sc<l to be heated, — ami vice versd when it ia coolea. 
The strongest current is produced by a circuit of bismutli and antimony, these metals 
standing at the oxtremitie,.s of tlio series. . 

According to Yelin, the order is : Blsmuthy silver^ •pJatinumy copper^ gold^ titif lead, 
— ^rincy irony antimony . 

According to Becquerel: Bismmthy plalinumy leady iirty goldy silver ^ copper y 
irony antimony, t j' . 

According to Camming : Oalenay hi^mnfh, mercury and niekrly platinum, i^lladin^ 
dohalty silver alloyed with copper and manganesrl Jin, lead, brass, rhodium, g^ 
copper, osmhm-iridiuniy silver, — zinc, charcoal, graphite, iron, arsenic, antimony* He# 
al^ Matthiesseii (Proc. Roy. Soc. ix. 98). 


BY HEAT. 


4lb 


rd ** and ’’ in tliis table is placed between two metals of equal thermo-elcctrio 
The dash separates the thermo-positive from the thermo-negative metals (see 
rpijg discrepancies in the statements of ditterent experimenters induce the 
Li'low). direction of the current is aileeted hy imjnirlties in tiic metals, 

guppesr difference of temperatnro. That the latter may really bo the 

"t wm appear from the following : 

u'] .n irm is moderately heated in contact with copper, silver, gold, brass, or zinc,- 



. ..a iron are the metals employed (Bocquerol). Zinc and gold produce at 70® C. 

tVi'Mc current which passes from the zinc through the galvanometer to the gold ; at 
*l)ip lliis current ceases ; at 180°, an opposite current sets in, and becomes very strong 
ur ‘^' 75 ®, On the contrai*y, with zinc and silver at a low temperature, positivo 
ol.dricity passes from the silver througli the galvanometer to tlio zinc. 'J'his 
current attains its gruitest strength at 120® C., diminishes at a higher temperature, 
censes at 22r>®, and is reversed at still higher temperatures. pb'Cijuerol.) 

' Tin* farther two metals are separated in the thermo-electric series, and the higher 
t!ic temperature at the point of junction, the stronger is the cuiTcnt; but it is always 
tiiiiall ill quantity and of very feeble tension. 

Dy cuiuhiniiig a number of tliermo-eleetrie pairs into ii th rnio-ehctric hattvrtiy 
chain, or a powerful tliermo-ehudrie current may be obtained : e. g. a numbtu’ of 
i.ars of bismuth and antimony, or of platinum and iron, alternately soldered together 


Fig. 402. 



Fig. 403. 



[fiffs. 10‘2, 103), and heat applied to the first, third, fifth, &c., points of junction, whilst 
tile secontl, fourth, &c., are kept coM. In this maniu'r tlie tluuuuo-eleetrie eurrent 
pnuliiccs, not only deflect ioii of tlie. needle, but likewise chemical deiromposition of 
liiluids (Hot to, IVgg. Ann. xxviii. 238), and heating elleets, so that even wlieii one of 
the coijilueting wires of the battery is cooled by immersion in ice, the point of 
jiaictii.n of that wire situated without the ico becomes seiisibl}' warmed (Watkins, 
bliil. Mag. [3 1 xiv. 82 ; also Pogg. Ann. xlvi. 197). Thermo- mni tipi hr, ot 

Thrrino&copi. is a ])ile formed in this manner of bars of bismuth and antimony, and 
coiiiH’ctfd with a galvanometer. Tho rays of heat fall on the first, third, fifth, &c., 
points of jiiiietion, whilst tlio second, fourth, &c., are kept cool. 3Mie smallest dit- 
fcrciu'c of temperature between the two sets of junctions sullices to produce deviation 
of ll!t> iK'edle. 

it. With one MtfnJ , — A metallic wire connected with the two oiuls of a galvano- 
ni(fiu' gives no electric eniTeiit when heated in tho middle: but when eai;h end ot tlio 
c:ilv;inometer is eonneeted with a wire, and the end of one of the wires is heated and 
tlieii quickly pressed on tlio eold eiul of the other, an electric current becomes manifest 
by tliiMlL-llection of the u^’dlo of the galvanometer, 'fho direction and streip'tli of 
tliis current vary with the nature of the metal employed. In the so-called th n no- 
Fugitive nutais^ bismuth, platinum, gold, silver, copper, tiu, lead, &c., the positive 
(Icctricily goes from the eold piece of metal through the galvanometer to the hot 
picre ; in the tht'-rmo-mgativc zinc, iron, auliinony, &e., from tho hot to tho 

C'bl end. The more 0110 end is heated, the stronger is the cun*ent. According 

\eliu, bismuth produces the strongest current with a given degree of heatiilg ; tlieii 
follows antimony, then zinc, silver, [datinum, copper, brass, gold, tin, and lastly lead; 
hut, according to Nobili, this order is correct for certain temperatures only. 

A simple platinum wire connect i d with a galvanometer also produces a curn'iit when 
heated, if it be tiial in a knot at one [»oint and heated near the knot; because tho moro 
rapid cooling through the knot causes unequal distribution of heat on the two sides; 
the positive electricity proceeds from the knot through the galvanometer to tho heated 
part. Two copper wires do not produce so strong a current wdicn clean as they do 
Jjben covered with oxide or with a thin film of silver or gold, boeauso the covering 
hindere the communication of heat to tho cold end, and coiiseiiucutly interferes with 
nnifom distribution (Becqnorel). Mercury is not theriao-cleetric, according to 
“hitteucci and De la Rive ; very slightly, according to Peltier. 
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DbVBIOPMBNT of ELBCTRiaTY BY CHBSnOAL ApTIOH — 0ALVAKxb OR 

Voltaic Elbotbioitt, < 

Chemical action is always accompanied by a disturbance of the equilibrium betw 
the molecules of a body, and may therefore be expected rto giva rise to electric ©x{»S^ 
ment. It is, in fact, the most powerful of all causes of electric action, though it 
not appear to be so in all cases, because the opposite electricities recombine for^ 
most part, as fast as they arc separated, unless particular arrangements are made [ 
prevent such recombination. In fact, in this, as in other modes of development th^ 
quantity of electricity whicli becomes apparent, generally forms but a small portion of 
that which is actually set tV(‘e. 

The development of electricity by chemical action will be considered under tha 
following heads : 

1. Between a liquid and a solid. 

2. Between two liquids. 

3. Between a gas and a liquid or solid. 

4. By combustion. 

Of these the first is the most important, as it is that which forms the basis of the 
ordiiiaiy voltaic battery. 

1. Develojrntent of FXcciricity hy the Chemical action of Liquids on Solids. 

Voltaic Battery. 


When a metallic capsule containing a conducting liquid, vijs. water or any aqueoos 
solution, is placed on the cap of a delicate condensing electroscope (p. 386), and a pieeo 
of another metal held between the fingers is immei*sed in the liquid, without touching 
the eapaule, the leaves of the electroscope diverge with +Lot according to the 
nature of the metals and of the liquid interposed between them. If the capsule is of 
platinum, the electroscope shows that it has taken a charge of + E, wlmtever may 
be the nature of the liquid and of the metal dipped into it. A copper capsule on 
the other hand becomes positive or negative, according as the metal dipped into the 
liquid is more or less attacked by tliat liquid than the copper capsule itself. The 
rasult in all coses resolves itself into this, that when a metal is acted upon by a liquid, 
the metal becomes charged with — Ej the liquid with + E. Thus, when zinc is 
plunged into water contained in a platinum capsule, the zinc takes — A", which passes 
into the ground, and the + E taken up by the water is transferred to the capsule and 
thence to the upper plate of the condenser ; consequently the gold leaves connectal 
with the lower plate exhibit a m^ative charge. Similarly with zinc, water, and copjwT. 
If, on the other hand, a piece of platinum or gold is plunged into nitric acid contained 
in a copper capsule, the copper becomes negative and the leaves of the plectroscojic 
diverge with + E. If both metals are attacked by the liquid, the charge of the con- 
denser is that which results from the difference of the two actions. 

The effects just described are exactly the same whether the metallic capsule and 
the plate of tlie condenser on wliich it rests are formed of the same or of different 
metals ; they cannot therefore \w due, as is sometimes supposed, to electricity developed 
by the contact of dissimilar metals ; in fact, as already obsciwed, the kind of electricity 
taken up by tlie capsule depends altogether on the reaction which takes place between 
tlio two metals and tlie liquid. Moreover, it lias been distinctly shown hy Be la Rive 
and others, that contact of dissimilar metals is not accompanied by development of 
electricity, unless one of the metals is at the same time chemically acted upon by tlie 
moisture of the air, or by some other liquid. See Be la Hive (2Va?Y^, ii. 773-787), 
and Wiedemann (Die Lekre vom Galvanismus und FJlectrmnagmtmms^ i. 17). 

The signs of electric tension exhibited by the arrangements .above described are 
feeble, even when the chemical action is highly energetic, and require a very 
delicate electroscope to render them visible. The cause of this apparent anomaly is 
that, the metal und the liquid which act upon it being both conductors and remaining 
in contact^ the greater part of the opposite electricities recombine as fast as they aw 
separated. Accordingly, the electric tension may be greatly increased by causing tno 
liquid to evaporate at the instant that the chemical action takes place. Thus, when a 
capsule of any oxidisable metal, copper, zinc, or iron for example, is strongly heated, 
then laid on the plato of the electroscope, and a few drops of water either pure or 
slightl;^ acidulated poured into it, the liquid attacks the hot metal and vaporises 
same time ; consequently the -i- ^ is carried off by the vapour and cannot reunite witn 
the- which therefore passes into the electroscope, and produces a strong divergent® 
of the gold-leaves, even without the aid of a condenser. If the quantity of 
troduced is too great to be completely vaporised, scarcely any divei^nce is producwi 
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the two electricitiea caa then reunite, the + E not being oarrted off by the 

development •f electricity in thia manner was observed by Volt* and De Sans- 

^wlio ascribed it, not to* enemical action, but to the vaporisation of the liquids 
ift’it is eaiy to show that this view is not correct : for if a clean platinum capsule 
t nely heated be laid on the cap of the electroscope, and a few drops of water or any 
tier l^md which neither acts upon the platinum nor is decomposed by the heat, be 
thrown into it, no signs of electricity are manifested. It is necessary, however, to 
^ easliallow capsule with the lip not turning inwards; otherwise electricity may be 
r.veloped by the friction of little globules of water carried away by the steam against 
u sid^ (p- ^ water contains any salt in solution, electricity will be de- 

veloped bv tbe separation of the water from the salt. 

Tho development of electricity by the oxidation of a metal may likewise l)e shown 
without the aid of heat. If a small piece of potassium bo spread on the bottom of a 
r.latiuuin capsule connected with a condenser, a drop of water let fall on the potassium, 
aud the plate of the condenser lifted up as soon as the hydrogen-flame produced by 
tlie dei-oniposition of the water has ceased, the electroscope gives signs of electricity, 
tiiowiiig that the capsule has been charged with — A’ the + K 
having been carried away by the hYdrogeii and aqueoixa vapour 
evolv<^. 

The flot^tricity devtdoped by chemical action may be made to 
fcliow iiKolf in the dynamic, much more easily than in the static 
form. WJion a plate of zinc and a plate of platinuiu are imiriersed 
in dilute suli>luiric acid and connected outside tho liipiid by a 
wire (yh/. 401), a current of electricity is immediately set up, 
coiitinuiug as long as the conducting circuit is complete and the 
a(.*ti.;n cd’ tlie acid on the zinc goes on. This may bo shown by 
placing a magnetic noodle near any part of the connecting wire ; 
tlic iifi'dlo is then deflected, tending to place itself at right 
Jingles to (he wdre; and the position of its poles sliows that the 
(‘urn iit of + tj passes from the zinc through the liquid to the 
pliitininii and thence through tho wire to the zinc, as indicated 
hv tluj iiiTow in tho figure, this direction being in acconlanco 
witli tlie elmrging of tlic condenser by an nrrangeiiK'nt of zinc, 
ji'.iil, Jind philiimm as before described (p. 414). 

Tlie greater facility with which the electricity thus developed shows itself in the 
fnrin of ;i current is (msily explained. Tho + K taken up by the liquid and thonco 
transferred to the platinum, can unite with the —A’ of the zinc in two ways, either 
fhnaigh the liquid, or through the connecting wu're, and as the latter possesses greater 
coudin tiiig power than the liquid, the greater part of the opposite electricities 
r*(’oiiihine along the wire; wlicreas if the one or both of the plates are insulated, as 
ule ii tho arrangement is made to diargo an electroscope, they recombine through the 
li luiil, and only very small quantities show themselves on the plates in tho state of 
ti-ii>ion. 

Tlie system of two dLssiniilar metals immersed in a liquid which acts on one of them 
U failed ;i Galvanic or Voltaic CoirpLU. Its peculiar powers were first observed by 
balvjini, who found that the hind legs of a frog touched in different parts by a copper 
and iin ii-cm w’iro in contact with eacli otlier, were thrown into convulsions. Galvani 
dill not however notice tlie necessity of having two metals to produce the effect ; this 
most iinportjint point wa.s discovered by Volta, who attributed tJie effect to electricity 
develojxMl l)y tho contact of the dis.similar metals, and by theoretical considerations 
founded thereon, was led to the invention of the pile or battery whieli bears his name. 

now know tliat the electricity in Galvani’s experiment was developed, not by tho 
fontact of tho metals, but by the chemical action of the moisture on the frog’s leg on 
cue of the metals, viz. the iron. Tho necessity of having two metals in this or any 
similar arrangement is obvious; for if two plates of the same metal were immersed in 
ft liquid, and connected by a wrire outside, tJiey would tend to produce equal and 
<^pposite currents, and no electricity would be apparent. 

the two metals in a voltaic eonplc, that which is most attacked by the liquid is 
‘^Mlled the positive, the other the negative metal. It must be remembered, how- 
ever, that it is the inactive metal from which the current of + E passes into tlie con- 
^bictlng wire, and that this metal, though called negative, really corresponds, in it* 
Hat ions to the external conducting chnimel, with the positive conductor of the elec- 
trical machine, or the positive surface of a coated pbite. The term positive, aa 
ftppHed to one of tho metals of a couple, must bo understood as denoting that which 
ddtennines the direction of the current. The following experiments will show that 
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the arrcDt is really' determined in this manner, and therefor-. *{, 

owes its origin to chemiciil action : * ^ it 

When tsYo plates, one of gold and tho other of platinum, are connected with a d 1* 

elvanomefer jind in niiro nihrin aciH. nn iu rwinflimaA . .. , 


wires connected with the ends of a galvanometer coil arc immersed in pure nitric 
no current is produced ; Init on adding a small quantity of hydrochloric acid 
part of the liquid near one of tlie wires, a euirent is set up from that wire tlii'oirrh 
liquid to tho otlier (Jiecqiiere]). In like Tnaiiner a couple formed of platimini u'll 
j^ladium, which is inactive in dllnte sulphuric ac^id, becomes active on addiinr a f.- v 
dwps of nitric acid, which produces an action on tlie palladium and renders it posi'tivi;' 
similarly, a couple of rhodium and platinum, inactive in nitric acid, beconu's aei ivc oil 
addition of hydrocdiloric acid, the platinum being then attacked. (Do la Hive.) 

Moreover, the direction of the current in a voltaic couple is in many eases reV(TS!e(l 
on changing the liquid in which the metals are immersed. Lot a copper phito or wiro 
bo attached to one end of the coil of a galvanometer, and an iron plate or wdre to the 
other end, and the plates immersed in dilute sulphuric acid; the galvanometer nectlle 
will indicate a current proceeding from the iron through th# liquid to tho co])|\er 
because tho iron is attacked by the acid and the copper is not. Now let the plates be 
taken out of the acid, wmslicd in water, and then immersed in an aqueous .solution of 
sulphide of potassiuiu ; the needle will immediately move the contrary way, showing 
that the current is reversed, and that tho copper is now tho positive metal. ^ 

Mere dilution of the liquid is sometimes sufficient to reverse the current. Tho 
following table contains two cohimns in which the same metals aro written one above 
the other, in such order that each metal is |)osItive, or det(?rmines the direction of the 
current, with all those wliich precede it in the same column, tlie exciting liqiuM bein» 
strong nitric acid fop the metals in th(‘ first column and dilute nitric acid for those in 
tho second. It will be seen that the order of tho metals is not the same in the two 
columns, but in all cases tho direction of the ciuTcnt is determined by tho metal whioh 
is most attacked : — 


Stro7ig Nitric Acid, 

Oxidised iron 

Silver 

Mercury 

Load 

Copper 

Iron 

Zinc 

Tin. 


BiluU Nitric Acid, 

Silver 

Copper 

O.vidiscd iron 

Iron 

Lead 

Mercury 

Tin 

Zinc. 


Tho next talde gives tho results of Faraday’s experiment.s with seven diffi'rrnt 
liquids. It is arranged like tho preceding, each metal being positive with regard to 
all tliose above it when acted upon by tho liquid at tho head of the column. Tim 
numbers in t?acli eolumn indicate tho order in which the metals follow each other wlieii 
the oxciting liquid i.s a dilute acid : 


Nitric acid, 
dilute. 

Sulphuric 
acid, diliito. 

Hydrochloric 

acid. 

Nitric .ncld, 
cohccntrated. 

Solution or 
caustic 
potash. 

Sulphydrale 
of pofa^siiiiii, 
coiourlesH. 

.‘‘Ulplmiratc 
of pot. 'fg'. linn, 
coloured. 

1. Silver 
'2, ('upper 

3. Antimony 
•1. nisninth 
.s- Nickel 

6. Iron 

7. Tin 

S. l ead 

9. C;)dmium 

10. Zinc 

1. Sliver 

9. Copper 

3. Antimony 

4. Biittnutii 
r>. Nickel 
ti. Iron 

8. Le.id 

7. Tin 

9. ('ndmlum 
10. Zinc 

3, Antimony 
1. Silver 

r.. Nickel 

4. Bismuth 
•2. ('upper 

G. Iron 

M. J.ead 

7. Tin 

9. Cadmium 
10. Zinc 

ft. Nfrk. 1 

1. Silver 

3. Antimony 

2. ('opper 
■1. Hi.«niuth 

6. Ivon 

7. Till 

8 I.e.id 

10. Zinc 

9. Cadmium 

1. Silver 
ft. Nickel 
•i. (’opper 

6. Iron 

4. Bj8n)uth 

8. Lead 

3. Anthuuny 

9. Cadmium 

7. 'I'in 

10. Zitic 

G. Iron 
ft. Ni kel 

4. Bismuth 

8. r,e;»d 
|. 8ilv. r 

3. .Antimony 
7. Tin 

2, Copper 

IU. Zinc 

9. Cadmium 

0. Iron 

ft. Nickel 

4. Ihsiniith 
,H. Antimony 

8. I-ead 

1. .Silver 

7. Tin 

9. C.'ulmiiint 

2. Copper 

10. Zinc 


The unvarying relation between the diroction of the current and the relative forw 
of the action exert oil by tlie liquid on the two metaks is quite sufficient to show that 
chemical action, and not contact of dissimilar metals, is the source of tho electric 
^citoment. A further and convincing proof of this statement is however aflfopded by 
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the fact, that a cnrreift capable of producing electroly tic decomposition may be ob* 
teined without any metallic contact Tbia is shown by the following arrangement 
(fia 405), devised by Faitoday. A plate of 

nlatiiium, 5, and a plate of zinc, a, bent hori- 405. Fiff, 400. 

Lntally in the upper part, are immersed in ^ 

water acidulated with sulphuric add ; a piece r 

of filtering paper moistened with iodide of po- i 
tassiiira solution is laid on the zinc at x, and I 
ft platinum wire attached to the plate b is 
brought down to the upper surface of the 
mois^ned paper without touchii^ the zinc. 

Immediately a brown spot of iodine shows IB I || 

itself on the upper surface of the paper at x, ||| l|o 

while the lower surface remains uncoloured, l|i ! IJj 
showing that tho iodine is separated at the ex- 
treniity of the conductor from which the + K 
filters the solution, just as in the decomposition 
effected by the current of the electrical machine ( p. 31]?). Jrore then we have addi* 
tional evidence of a current in which the +E passes from tho zinc through the wire 
to the platinum, and then round the external conductors to the zinc. If the arrange* 
ment be somewhat modified so as to introduce a galvanometer, as at g {fig. 400), the 
deflection of the needle will indicate tho same dirt'ction of the current. Tlio effects are 
the same when a solution of potash is substituted for the dilute acid us the exciting 
fluid. 

The strength of the current in these and all other voltaic circuits, depends partly on 
the exciting or “ electro-motive ” force, resulting from tho action of the liquid on the 
ziiie or otlier metal of the couple, partly on the resistanco which tho current meets 
willi in the different parts of tho circuit. In the particular arrangements now under 
coiiisideriition, in which tho resistance, offered by the conducting wire and other metallic 
parts of the circuit, is constant, the force of the current depends upon the relation be* 
tween the electromotive force of the couple, and the resistance of thosolution at x wliich 
is (Iccompoacd by the current. If the. affinity between the elements of this liquid — the 
'‘electrolyte” — is too great to be overcome by the electromotive force of the couple, 
the c’nrrcnt is an’csted and the galvanonict.(*r needle returns to its natural position. 
DilbTt'iit electrolytes offer very difTcreiit di'groes of resistance to decomposition, and 
p<ins*‘<iiieiitly some are decomposed by a given electromotive force, while others are 
ri'it : thiLS a couple composed of zinc, dilute acid and platinum will decomjiose solution 
of iedide of potassium and fused chloride of silver, but not aiddulated water, Ilydro- 
oliloric acid, fused nitrate of silver, or fused iodide or eliloride of lead likewise resist 
tlu' ( h'ctromotivo force of the same couple, wdth dilute sulphuric acid as the exciting 
li<ini(l, but are decomposed on adding a small quantity of nitric acid to this liquici, 
wliicli increases its cliemical action on the zinc. 

The following table contains the re.^-ults of a number of experiments by Faraday on 
the power of different voltaic conpU\s in decomposing various electrolytes. Each hori- 
zontal line of this table contains the names of the four substances comprised in a cir- 
cuit ;tlie last column exhibits the comparative strength of tho current, as indicated by 
tlic galvuuomolcr : — 



Active 
mt* tal . 

Exciting liquid. 

Iiinrtive 

nirlal. 

Electrolyte dccoinpoBed. 

Ciinrxrtpr o' 
current. 

Iron 

Dilute nitric acid 

Platinum 

iSulpliide of potassium 

Full current 





Red nitric acid . 




i» fi 

II 

Pale strong nitric acid 

Good 



»» M 

II 

Green nitrous acid 

Very strong 



»♦ •! 

t» 

Iodide of potassium . 

Full 



Dilute sulphuric acid 

If ,, 

II 

Sulphide of potassium 

If 



ft 

Red nitric acid . 

Good 



Hydrochloric acid 

II 

Green nitrous acid 

Very strong 



„ dilute . 

II 

R<*d nitric acid . 

Good 



Solution of common salt 

II 

II 

Sulphide of potassium 
Green nitrous acid 

If 

Very strong 

Z 


Ordinary water . 

11 

II ^ • 

Good 

no 

: Dilute nitric acid 

» 

Iodide of potazsium . 

t* 

Tt 


Hydrochloric acid 

II 

i» »» 

1 ’* 


VoL. IL EE 
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Active 

metnl. 

9^ftklg liquid. 

■ ' • ■ 

Inactive 

metal. 

Electrolyte decomposed 

Uhancter of 
current. 

Cadmium 

Dilute nitric acid 

Platinum 

Iodide of potassium . 

Q«oa 

»» 

Hydrochloric acid 

It 

II It • 

Lead 

Dilute nitric acid 



** 

II • 

Hydrochloric acid 

If 

fi II • 

ff 

Copper . 

Dilute nitric acid 

If 



♦» • 

Hydrochloric acid 

II 



Lead . 
Tin 

Strong sulphuric acid 

11 II 

Iron 

Platinum j 

Dilute sulphuric acid . 

*9 99 • 

Strong 

, Copper . 

Sulphide of potassium 

If 

Dilute nitric acid 

If 

i» 

II ^ ^ ^‘ii 

II 

Iodide of potassium , 


If , • 

Strong nitric acid 

Iron 

Dilute nitric acid 

1 V ery strong 

II • 

II II • 

II 

Iodide of potassium . 

Silver 

11 II • 

II • 

Dilute nitric acid 

Strong 

II • 


II • 

Iodide of potassium . 

1 Good 

II • 

i Sulphide of potassium 

ii • 

Dilute nitric acid 

Strong 

Tin 

j Strong sulpliuric acid 

Copper . 

Dilute sulphuric acid . 

I » 


Tho liquid which unites the two metals of the voltaic couple likewise suffers decom- 
position during tho Whole time that tho current is passing, and its (‘lements arc 
transferred in opposite directions, one to the active the other to the inactive metal. 
In fact, the exciting liquid is itself an electrolyte, and it is only a liquid capable of 
decomposing in this way that can act as the exciter of a voltaic couple, the decomposi- 
tion which it undergoes being exactly similar to that which the current produces in 
any other electrolyte through which it passes ; in the one part of the circuit as in the 
other, one set of elements, tho electro-negative or chlorous elements, Cl, Br, I, 
0, S, NO*, &c., are tninsferred in the direction of the current of — i?, and Ihd 
others, the el ectro- positive orbasylous elements, viz. hydrogen and the metals, 
in tho direction of the current of + ^ (pp. 397, 432). 

In all the combinations mentioned in the preceding table, it will be found that, 
during all the time the current is passing, hydrogen is continually evolved from the 
liquid in the acting cell, at the surface of the inactive or negative metal, and nt 
the same time tho zinc or other active metal unites with chlorine, sulphur, SO*, 
NO*, &c., according to the nature of the exciting liquid, and dissolves. No evi- 
dence of commotion or action of any kind can be detected in any part of the 
liqui^ excepting at the surface of the metallic plates : but as one of the elements 
is being continually transferred to tho active and the other to the inactive metal, it is 
clear that a continued movement and sliifting of particles must he going on. The 
iiahupo of this movement we have now to examine; hut first it must he observed 
that tho active metal of a voltaic couple is usually subject to two kinds of ac- 
tion, one of which is essentially connected with the formation of a current, while the 
other is independent of it. 

When a piece of ordinary commercial zinc is immersed in dilute sulphuric or hydro- 
chloric acid, it immediately begins to dissolve and hydrogen is evolved upon its whole 
surface. Now lot a plate of platinum or copper bo immersed in the same liquid, and 
either brought in direct contact with the zinc under the liquid, or connected with it 
by a wire ; immediately the greater part of the hydrogen is evolved at the surface of 
the latter metal, although this metal Undergoes no change, and the zinc dissolvea 
faster than before. 

Tho effect of the inactive metal is still more striking when pure zinc, freed from 
foreign metals by r^istillation, is used. A plate of this pure zinc immersed in dilute 
acid remains (juite inactive, no gas being evolved at its surface ; but as soon as a plate of 
copper or platinum is brought iu contact with it, a brisk action is set up, the zinc dis* 
solves, and hydrogen is evolved from the surface of the copper or platinum. It would 
appear from this that tho establishment of an electric current is an essential condition 
, to the solution of the wnc. When the zinc contains foreign metals, such as iron, lead, 
&c., these metals act just like an immersed plate of copper or platinum, establishing 
local currents within the liquid ; and after tho action has gone on for some time, these 
metals, especially the lead, are seen to separate from the surface in filaments. When, 
therefore, impure zinc (or other metal) is used to form the active metal of a Toltaw 
couple, two kinds of action take place together, the solution of one part of the zinc 
being essentially related to the current which is established between the elements ^ 
the couple, and that of the rest depending on the so-called local action^ due to to* 
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oreseoce of the foreign metals in the zin^. On making the connei^on between th^ 
two metals, the local action on the zinc is greatly diminished in amount, but does not 
cease altogether. Hence it follows that pure zinc is more advantageous for use in a 
voltaic couple than the impure metal, because a certain portion of the latter always 
dissolves without contributing to the production of the elec^c current. 

Ordinary zinc may, however, be made to act with acids in exactly the same manner 
as distilled zinc, by amalgamating its surface with mercury. This is easily done by 
rubbing tlie surface with a rag dipped in dilute sulphuric acid, and at the same time 
spreading the mercury over it. The zinc then becomes uniformly amalgamated, not only 
on its surface, but right through, unless the plate is very thick. A plate of zinc thus 
amalgamated shows no signs of action when simply immersed in dilute acid ; but on 
couneeting it with a plate of copper or platinum, tis above, hydrogen is briskly evolved 
from the surface of the latter metal, and the zinc dissolves. The mercury appears to 
act, partly by rendering the surface uniform, and removing the metallic impurities on 
which the local action depends, partly in a manner to bo presently noticed (p. 420). 

Theory of the Voltaic Couple. — The remarkable fact that a piece of pure zinc or of 
amalgamated zinc exerts no decomposing action on water or dilute acids when alone, 
but acts immediately on being connected with another metal not itself acted upon by 
tlie liquid, seems at first sight to favour the supposition that the action begins at the 
Hurface of contact of the two metals, and is essentisilly dependent upon that contact. 
The effect is, however, exactly the same when no actual iinstallic contact takes place, 
as when the conducting circuit is completed by the intervention of an electrolyte 
(p. 417). The zinc then dissolves, and hydrogen is evolved at the surface of the 
platinum as long as the current passes, but no longer. 

Xow w'c hav(3 seen (p. 404) that an electric current m.iy be regarded as a succession 
of charges and dis(;hargcs taking place throughout a seric's of polarised molecules; 
accordingly, the state of things in the voltaic couple may be represented as follows: 
Siqqioso a plate of pure zinc, Z {Jiy. 407), to be immersed in hydrochloric acid. We 
may supt)Oso that its partides p. 

polarise those of the acid which ** 

arc in coniact with them, in the 
manner shown in the figure, the 
atoms of chlorine becoming nega* 
tive and turning towards the 
surface of the zinc, which becomes 
positive, while the atoms of hy- 
drogen l)c(foine positive and turn 
the contrary way. These mole- 
cules then polarise the next in a 
similar manner, these the next, 
mid so on. At tlie same time the 
atoms of the zinc itself become 
o|)[M.isitcly jiolariHcd, each turning 
its positive pole towards the 
li»lind, and its negative jiole the 

other way; orprobubl^^ the two elementary atoms in each molecule of the zinc (i. 187) 
are thrown into opjxisite eloetricnl slates. 

When a plate of an inactive metal, such u.s platinum, is introduced into the same 
liquid as at P (fin, 

408), its particles 
become polarised in 
like manner by the 
influence of the al- 
ready polarised mole- 
cules of the liquid, 
turning their nega- 
th'o {)oles towards 
the liquid and their 
positive poles out- 
wards. ^ This state 
of tension continucjs 
till one of the plates, 

Z, is connected 
'^th the earth. The 
pcgative electricity 

ILllf ” and on connecting P with a condensing electroscope, the + E showt 

“olf At the same time, the chlorine of the inolecrle of acid in contact with the zino 
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nnitM with it, their opposite electricities being thereby neutralinecl ; the hyd^en of the 
first particle of acid unites with the chlorine of the second, the hydrogen bf this with 
the chlorine of the third, And so on, till the hydrogen in 
Fiff. 409. contact with the inactive metal P, finding no chlorine to unite 

with it^ is either set free, or more frequently, as the action in 
this state of tension of the couple is very slow, remains at tached 
to the surface of the plat inum plate * This action goes on only 
till the tension of the charge on the insidat^ plate becomes 
strong enough to cause the two electricities to recombine 
across the liquid ; and as tho whole arrangement consists 
of conducting materials, the tension thus attained must necos. 
sarily bo very low, and accordingly, the amount of chemical 
action which takes place is but slight ; but on connecting the 
two plates by a wire or other good conductor, tho particles of 
that conductor also become polarised, a regular series of charjres 
and discharges taking place along it, as M'cll as in the two nn-tuls, 
Zy P, and the intervening liquid. The action, therefore, hecomcrt 
continuous, the atoms of chlorine being transferrt'd towards 
the zinc, and those of the hydrogen in the opposite direction to 
the platinum, where they escape. 

A precisely similar explanation will apply to every cas(‘ 
of the development of electricity by a combination of two 
metals and a liquid which acts chemically on one of tliem. 
The liquid must be an electrolyte, that is, a comiwund whoso 
elements can bo transferred in opposite directions, like 

4 - — + — + — 

those of the hydrochloric acid, e. g. H‘0, H'^SO*, I1N()», 

CuCl*, OuSO*, PbP, K-'S, &c. The liquid state is evidently 
essential to the molecular transference. 

The local action which takes place when zinc confining 
foreign metals is immersed in an acid, may be explained thus. 
Suppose Z{fig^ 409) to bo a plate of zinc, with here and 
there a particle of iron, F, on its surface. Local cui-rents will 
then be established between diflfereiit parts of the surface, 
the zinc forming the active, and the iron tho iiuietivo metal, 
and between them polar chains of molecules will bo formed, just as when a plate cf 
another metal is placed in connection with the zinc. 

The effect of amfilgamating tho zinc is partly, as already observed, to remove f .ic 
foreign metals, partly, also, to enable the atoms of the zinc to polarise more regularly : tor 
in a molecule of tho amadgam, ZnlTg, the atoms of zinc and mercury take up tho opposite 
polar states more easily than tho two atoms of zinc in a compound molecule ot t le 
metal, ZnZn ; and moreover, the semi-fluid condition of the amalgam cnaldes tho nio.o- 
cules to turn their poles easily in the direction which the polarising action tends to 
give them. The arrangement of a series of molecules of amalgamated zinc, hydro- 
ehloric acid, aud platinum may be thus represented : 

HgZn HgZn Cl H Cl H Cl H Pt Ft PtPt 

The precipitation of one metal from its solution by another, as of copper by iron, 
lead by zinc, silver by mercury, &c., affords an example of a simple voltaic circui . 
When a piece of common zinc is immersed in a solution of acetate of lead, local currents 
are set up in the manner ju.st explained, and the effect of such a current pacing 
through the solution, is to precipitate a particle of lead on a point of the surface of w 
zinc, where a particle of any foreign metal, such as lead or iron, happens to 
tho lead thus deposited forms a more distinct inactive or negative metal, and f 
increased electrolytic action is set up, more lead being precipitated on the surhice ottn 
first portion ; and in this manner fresh particles of lend continually attach , 

to those preWously deposited, the precipitated metal taking the well-known arboiescc 
form called the lead-tree, or Arbor SatiirnL Similarly, when iron is immewea in 
solution of copper, there are always a few oxidised points, or small particles o* * 
on cortiiin points of the surface, which favour the formation of local currents, and 
determine the precipitation of the copper. The precipittition is of course ^rea y 
focilitated in the first instance by bringing the precipitating metal in contact 



• Wb«n a platinum plate which hai that been used, U placed In acidulated water. * 

dean platinum plate in tu ordinary Hate, and the two connected with a jralvanometer, the n 
ctlet the exlftence of a current In which the first plate of platinum is the «cilve L” . Ojye.) 

4ue to the film of hydrogen adhering to it, which in fact inaKcs it act like a plate of line, 
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-her which is not acted upon by the liquid, and in this manner many metallic pre- 
*””tation8 may be effected, which would not otherwwe take place. Thus, silver does 
itself precipitate copper; but on touching the silver under the liquid with a piece 
iron a current is immediately established in wliich the iron forms the positive, and 
the silver the negative metal, and the copper is then precipitated on the silver. 

' The protection of one metal from the action of a liquid by brining it in contact 
th another, is also a case of the formation of a simple voltaic circuit; such was the 
^ethod proposed by Davy for protecting the copper sheathing of ships by attaching to 
> pieces of a more oxidable metal, such as zinc. The zinc then formed the positive 
and the copper the negative metal, and consequently the oxygen aud chlorine of the 
sea-water were directed to the zinc, instead of to tho copper. The galvanising of iron 
by uniting it with zinc is another example of this mode of action. On the other hand, 
the corrosion of a metal by the action of air and water is sometimes accelerated by 
contact with another less oxidable than itself; thus iron railings are often found 
much corroded near their lower ends, where the iron is in contact with the lead which 
hiia been run in to flx it in the stone. 

When the liquid in a voltsiic combination acts in a similar manner on both the 
metals, e.g, when zinc and copper are immersed in nitric acid, the electric tension and 
current produced are such as result from the differenco of the polarising actions exerted 
by the two metals on the liquid ; if these actions are equal, as when two plates of the 
same metal are immersed in an acid, no current is i)roduced. If, on the other hand, 
one of tlie. metals or other conductors has an affinity for the positive element of the 
electrolyte, f.e. for the hydrogen if the electrolyte is an acid, while tho other tends to 
unilo wit h the negative element of the electrolyte, it is easy to .-*00 that the molecules of 
the electrolyte will be polarised by the sum of these two forces, and thus a much 
Btnjnger current or a higher electric tension will bo produced. Such a combination 
may Ite formed by zinc, acidulated water, and a plate of platinum covered with 
peroxide of lead ; here the negative clement of tho acid ((?1 or SO*) tends to unite 
with the zinc, and the ox 3 ^gen of the peroxide with the hydrogen of the acid, and thft 
pohirisation may be thus represented ; 

ZnZn 01 H 01 II 01 II O(PbO) Pt Tt. 

This conihination charges tho condenser and deflects tho galvanometer much more 
strongly than the ordinary combination of zinc, acid, and platinum. A convenient 
way of forming it is to pack a quantity of the dry finely powdered peroxide into a 
roctangiilar cell of porous earth(‘nwure (such as those used for Grove's battery), in- 
troduce a thin plate of platinum having a wire soldered to it into the middle of this 
cell, so that it may be completely enveloped by tho peroxide, and immerse the porous 
Cl 11 tlias filled, together with a plate of amalgamated zinc, in an acid or saline solu- 
tion. On connecting the zinc and platinum plates with two platinum wires terminat- 
ing in acidulated water, tho water is quickly decomposed, an effect which would not 
be produced by a single couple of zinc and platinum without the peroxide. The only 
us(? of the platinum in this arrangement is to act as a conductor. The strength of the 
current rapidly diminishes, however, chiefly in consequence of the reduction of tho 
pomxido of lead to protoxide. Peroxide of manganese produces tho same effect as 
peroxide of lead, but leas strongly, and with even more rapid diminution. A similar 
but also less powerful than that with peroxide of lead, is produced when the 
porous cell is filled with strong nitric acid and a platinum plate is immersed in it. In 
thin, which is Grove’s combination, the yiolarisation resulting from the affinity of tho 
zinc for the chlorine or other negative element of the acid is intensified by that of the 

— ♦ 

external atom of oxygen in the molecule 0(N0*H) for the hjrdrogen. 

The tendency of the peroxides of lead and manganese to deoxidation, by taking up 
the hydrogen of water or acids, is so strong, that very distinct indications of electric 
action are obtained, cither in the state of tension or in the form of a current, on im- 
mersing in water a plate of platinum, and peroxide of lead or manganese, either in 
lumps or in fine powder, spread upon another plate of platinum. The uncovered plate of 
phitinum then yields — £ to the condenser, the peroxide at the same time yielding + 

On connecting the two plates with a galvanometer, the current of + E passes from the 
wvered plate through the coil to the uncovered plate ; but the current has not suffix 
cmiit tension to pass through water. The addition of an acid, esp^ially hydrochloric 
J^id, to the liquid, greatly increases the force of the current, by facilitating the oxida- 
-A. platinum wire covered with peroxide of lead and a gold wire, immersed inhydro- 
niloric acid, yield a powerful current, proceeding from the coverwl platinum extf^nally 
to the gold, the latter metal dissolving at the same lime ns chloride. Similar combina* 
tioas with chromate of potassium, instead of tho peroxide, yield very strong cuixents, 



the chromic acid being HMidced ’t# on ti. 

surface forms with zinc and dilatoi^phiiric a<^ a i 

of clean copper. 

Componna Voltaic VoitaloVUe op A«tli|^. W^wtric ten«n 

produced by a single voltaic couple is very small, because the (^pp0^ electriotiw e 
easily recombine through the medium of the liquid. It may, fabDi^yer be increased b° 
uniting a number of such couples together in regular order, the negative ihetal of the fi \ 
being connected metallically with the positive of the second; and so on Tbhroughout th 
series. To understand how this increase of tension is attained, consider two counl * 
dr sine, water, and platinum, connected in the manner just described (fig, 410},^ If 

Fig. 410. 
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the second couple were inactive, the particles of the zinc, water, and platinum which 
compose it would be polarised to a certain degree of tension by the influence of the 
first; but, besides receiving this degree of charge, they likewise become polarised in 
the same direction, and to an equal degree, by the chemical action of tlio zinc and 
water in the second cell. These two actions, therefore, assist each other, and the 
resulting intensity in the second couple is twice as great as it w’onld be if that couple 
were disconnected from the first. Tlio polarisation of the second couple is also truiis- 
laittod to the first, so that both couples have their electromotive force doubled. In 
like manner, the addition of a third couple will treble the electromotive force ; uiul .so 
for any number. 

Hence when the opposite extremities or poles of an insulated voltaic circuit com- 
posed of a largo number of couples are connected, each with an electroscope, the leaves 
of the two electroscopes diverge with opposite electricities. Moreover, by testing the 
different parts of such a series with an electrometer, it is found that when the whole 
is insulated, the tension of the opposite electricities is greatest at the two poles, and 
goes on continually diminishing towards the middle, where it is nothing. Now the 
electric tension of the different parts of the series cannot proceed from the inter- 
mediate couples, because the opposite electricities of each pair of zinc and platinnm 
plates neutralise each other; it proceeds, therefore, from the opposite electricities 
accumulated at the extremities or poles, which are constantly tendmg to reunite, and 
are constantlv renewed by the chemical action. On connecting one pole with the 
ground, and thereby discharging one kind of electricity, the tension of the other pole 
is increased. 

The electric tension exhibited by the poles of a voltaic battery depends in a great 
measure on the nature of the liquid with which the cells are filled. The greatest 
possible tension would be obtained by an arrangement w'hich should unite great elec- 
tromotive power with imperfect conduction. Generally, however, the conducting power 
of a liquid increases with its power of acting chemically on the zinc. 

The battery, whether charged with water, acid, or a saline solution, always takes a 
certain time to attain its maximum tension, that time being greater as the conducting 
power of the liquid is less ; but with very good conductors, such as dilute acids, the 
maximum tension is attained almost instantly. In all cases, the statical, fW well as 
the dynamical, effects of the battery are essentially dependent on the chemical action 
between the liquid and the positive metal The stronger this action, the smaller is 
the number of couples required to produce a given tension. Ghissiot has found that a 
Grove’s battery (to be hereafter described) of 400 cells, well insulated in.glassTessels, 
exhibits at the two poles a tension equal to that of a water battery of 3520 p«». 

^ The poles of a voltaic batte^ in a state of tension discharge to each other, just like 
Nro metallic rods connected with the positive and negative conductors of an eleetneal 





t>at4«iT, just montioned, weru 
”i!rtd ‘in con^0cfiott#ith ‘to at the distance of ^ of an inch 

Lm one anoth^# wait pr^^. 

*The wire whim the current^ df the Toltaic Bat<^r^ is passing, either con- 

tinuously or b/wehnittent spark-discharge as just described, exhibits the same 
fft«ts as one wMch conveys the discharge of an electrical machine or Leyden jar. 
The wire its^ if hot very thick, becomes warm, and a thin wire of platinum inter- 
in the circuit is heated to redness, or fused, accordi^ to the stren^h of the 
^^^t; magnets are deflected, and iron and steel magnetised by it; and if the two 
poles of the battery are connected with two platinum wires or plates immersed in 
wntcr acidulated with sulphuric acid, the water is decomposed, hydrogen being evolved 
the wire connected with the negative pole, and oxygen from that connected with 
the positive pole. Any of the other electrolytes mentioned on page 397, as decom- 
posed by friction-clectricity, may also be decomposed with ease by the current, even 
gasman voltaic battery. The quantity of oxygen and hydrogen thus evolved in a 
eiven time affords, as we shall afterwards more particularly explain, a measure of the 
quantity of electricity evolved by the battery. Now the quantity thus evolved, 
whether measured by the amount of water or other elcctrolyto that it will decompose, 
or by the deflection of a magnetic needle (p. 398), is incomparably greater than that 
eTolvcd by the most powerM electrical machine ; a pair of thin wires of zinc and 
platinum dipped for a moment into dilute acid will produce a current capable of de- 
composing a larger quantity of iodide of potassium tlian could be decomposed by a large 
ehx!trical machine working for a considerable time. 

But the intensity of the charge of a voltaic battery, even of a very large number of 
pairs, is almost immeasurably below that of the electricity produced even by rubbing 
a piece of glass with the dry hand ; in fact, the whole of a voltaic arrangement consists 
of materials possessed of considerable conducting pow’er, and therefore the neutralisa- 
tion of the opposite electricities take's place through the battery itself more easily than 
thmugh even a very small stratum of air, or other insulating body. 

The exact relations between the quantity and intensity of the voltaic current will 
be more fully considered hereafter. At present it may suffice to state that, with a con- 
ducting circuit not offering much resistance, the quantity of electricity developed in a 
given time increases nearly in direct pro|X)rtion to the size of the plates in a single 
pair (not to the total extent of mctallie surface in the battery), whereas the intensity, 
or power of overcoming resistance increases, as already observeri, directly as the 
numl)cr of pairs. Hence when the current is to pass only through a metilic con- 
ductor of no great length — as for most electro-magnetic experiments, and for heating 
wire not extremely thin — a single pair of plates will act as well as a compound battery, 
provided all the connections are good. Hare’s calorimotor for heating wires is an 
arrangement of this kind. A number of zinc and copper plates are fastened alternately 
ttud perpendicularly in a frame, all the copper plates being soldered to one common bar 
of metid, and all the zinc plates to another, so that the whole acts like a single pair 
of very large zinc and copper plates. With from 60 to 120 copper and zinc plates, 
each having a surface of 19 square inches, excited by dilute acid, a platinum wire * 
of a lino thick may be fused. Another mode of obtaining a large surface in ^ small 
space is to ruU together a zinc and copper plate 6 inches broad and 9 inches long into 
a cylinder 2^ inches in diameter, in such a manner that they never come into con- 
tact, but are always kept about a quarter of an inch apart. All the copper plates of a 
number of such rolls are united by soldering with a single metallic rod, and all. the 
nine plates with another. 

Dry Piles, — The greatest degree of intensity is obtained by the so-called diy piles, 
which consist of a great numlSr of pairs of two metals separated by paper instead 
of a liquid conductor, tinfoil being generally used as the positive, and peroxide of 
manganese as the nc^tive metal In these piles, as in the ordinary voltaic liattery, 
the motive power is chemical action, the exciting liquid being the moisture in the 
paper, the oxygen of which is continually combining with the tin, and the hydrogen 
with the oxygen of Uie peroxide of manganese (p. 421); in flict^ the pile acts only 
w long as the paper remains moist, so that the appell^ion dry pile must not be 
understood in its literal sense. 

. The best way of constructing a dry pile is to take a sheet of paper tinned on one 
•ide, and cover it on the other side with a paste made of peroxide of manganese 
mixed with milk and staieh or gelatin, to make it adhere. The paper thus coated is 
left to dry, and then punched into a number of small circular discs, which are laid one 
upon the other in a glass tube, care being taken that the tinned surfaces ore all laid 
the same way ; when the tube is quite full, its ends are closed ^th brass caps, which 
must bo metallically connected with the two extremities of the pile. 

The tin end of such a pile exhibits — the manganese end, -rJEl A pile of 
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•ereral thousand pairs produces s^ng dive^ence of the le^TOf of an ^leetroiwnrui 
when one of its ends is brought in contact with the cap of the instrument whil hT* 
other is held in the hand; and, oh connecting its two poles by a wire, small sparks 
obtained. The pile does not produce a continuous current, siac^ in consequene 
thetoperfect conduction of the paper-discs, it takes some time to recover Usffiaiim 
tension after being discharged. With a dry pile composed of a comparative am^n 
number of large discs, some of the dynamic effects of electricity may, however b 
obtain^ ; thus Belezenne succeeded in decomposing water with a dry pile compost f 
800 pairs, each having a surface of 270 square centimetres. ^ 

The chief use of the dry pile is to assist in the construction of a very delicate 
(doctroseope, called from its inventor, Bohnenherger* 8 clecirosccgge. It consists of tw 
dry piles, C, D (fig. 411), placed vertically at a distance of 
or five inches, with their poles in opposite directions; and of a 
single gold leaf, G, suspended just midway between them from a 
brass rod passing through the cap, A, of a glass receiver which 
covers the whole arrangement. The poles of the two piles 
being charged with opposite electricities, attract the gold loaf 
in opposite directions, so that, if suspended exactly in the middle 
between them, it hangs vertically while not itself e]ectrlfie<l ; hut 
as soon os the slightest charge i^ communicated to it, it mov(^ 
towards the pile whose superior pole is charged with the elec- 
tricity opposite to its own. The instrument is so sensitive that it 
is affected by an excited rod of glass or sealing wax at the dist 4 iiice 
of a yard ; in fact, it is sometimes too delicate : for if the piles 
are placed too close together, and the leaf, from any slight dis- 
turbance is thrown a little out of the vertical, it will be drawn 
(owards one pile or tlio other, even though not itself electritied. 
A pith-ball or a small disc of gilt paper suspended by a silk tlirea(i 
between the opposite polos of two dry piles, oscillates between 
them as long as the piles continue in action. 

A well constructed dry pile will remain active for two or three years; but the 
action ultimately stops, either from desiccation of the paper, or from formation of a 
thin film of oxide on the surface of the tin-foil. 

The older forms of the galvanic or voltaic apparatus, viz. the pile of Volta, Oraik- 
fihi^’s trough, and Wollaston’s battery, are too well knowm to need particular <le- 
scription ; moreover, they are now but little used. They all consist of a series of 
couples of zinc and copper, excited by an acid liquid, generally a mixture of wuter with 
^ of its bulk of sulphuric and A of nitric acid. 

Constant BatterieB,-~lxi all voltaic combinations consistingof two metals and one 
liquid, the force of the current continually diminishes, in consequence of the alterations 
which the chemical action produces in its component elements. Consider, for example, 
the ordinary combination of zinc, sulphuric acid, and copper. As the zinc dissolves, 
the action of the acid on the remaining metal becomes less energetic, and therefore the 
electromotive force, which depends upon that action, is diminished. But, besides this, 
the sulphate of zinc thus produced, and the water, are decomposed by the current, 
hydre^n and zinc being carried towards the surface of the copper. The zinc is there 
deposited, and tends to form a countt'r current, just as if a plate of zinc were substituted 
for the copper ; and the hydrogen likewise diminishes the force of the current, partly 
by dinging about the surface of the copper, and forming a non-conducting film/ which 
impedes the passage of the current, partly by acting as a positive element, in the same 
manner as in Grove’s gas-batteiy (u. 430), and thereby also gonerating a counter- 
current. When common zinc is used, a further variation arises from the local action 
induced by the foreign metals present in the zinc, and continually increases as those 
metals are separated in larger quantity (p. 418). This last inconvenience is com- 
pletely obviated by the use of amalgamated zinc. 

The variation of power arising from the saturation of the acid may be prevented by 
^dually removing the spent liquid and replacing it with fresh aci^ which, however, 
introduces considerable complication into the arrangement of the battery ; this source 
of variation is greatly diminished by the use of amalgamated zinc, which acts only 
. while the circuit is closed, and therefore does not saturate the acid so quickly. 

The variation arising from the transference of zinc and hydrogen to the surface of 
the negative metal is prevented by immersing that metal in a liquid of different com- 
position from that which acts upon the zinc, and capable of absorbing the hyd^eOi 
i the two Uquids being separated by a porous partition, which prevents them from mixing, 
but does not interrupt the electric communication. This object may be effected by 
jTarioM arraUgtMncnts, the most impprtont of which are the batteries of DaiijoU 
Grove, and Bunsen. 




T T^nidta battery, each cell consiats of a copper cylinder, oe within which ia 
1 ^ a cell ah, either of porous .earthenware or animal 

brane, filled with a mixture of 1 measpre^ of strong pul- 412, 

Tflric acid and 8 metisuresof water, and in’ this is immersed "* 

P“ linder of amalgamated zinc z. The space between the 
^omus cell and tlie copper cylinder is filled with a saturated 
Solution of sulphate of copper. On connecting the zinc with 
the copper by a wire, the zinc dissolves, and the pjirticles 
of the W liquids become polarised in the manner represented ^ 

*^°*"ZnZn Cin Cl IT I Cl Cu Cl Cu CuCu; 

^ -+ - + l_4- + 

(he sulphates, for greater simplicity, being supposed to be re- 
placed by chlorides. The last atom of hydrogen, instead of 
passing on to the copper, unites with the chlorine of the first 
atom of dilorido of copper beyond the porous diaphragm; the 
atom of copper thus sot free unites with the next atom of 
chlorine, and so on, till the last molecule of cupric chloride is 
reached, the copper-atom of which is deposited on the surface 
of th»^ copper cylin<ler in the metallic state. Tims the copper, 
instead of having its surface tarnished by a deposit of zinc, or 
pilarised by adhering hydrogen, is kept continually bright by 
fresh (le()Osits of metallic copper. 

Til is is the action w'hich goes on in a Danieirs cell, so long as the copper solution 
remains tolerably well saturated. It is clear, however, that in course of time it must 
become weak unless renewed ; and when it becomes dilute, water is decomposed as 
well as the cupric salt, and liydrogcm then passes on to the copper surface. It is 
important, tliere-fore, to keep the copper solution satunited ; and for this purpose a 
{?lielf of jierforated copper is fixed round the interior of the copper cylinder at about an 
inch below it.s upper edge, and on this shelf are laid crystals of cupric sulphate, wliich 
(li.s.s.>lve as fu.'^t as the copper is removed from the solution by tho action of the 
current. 

A Daniel I’s battery thus fitted up remains nearly constant fora considerable time; 

I nt the acid of course becomes gradually exhausted. To preserve it at a constant 
titrength, the copper cylinder A B was originally constnicted as shown in Jig. 413, 
with a siplion-tnbo efg^ proceeding from its lower part and terminating within 

Fig. 413. Fig. 414. 


A 


B 

the ox-^let a b, FE, which formed the porous cylinder. By this tube an outlet waz 
provided for the spent liquid as fresh acid was poured in at the top. This con- 
jmction has, however, not been found to yield sufficient advantage in point of* 
nstancy to compensate for the additional complication which it involves. Buffi has* 
” ^jved a modification of the JDaniell’s cell, in which the zinc plate or cylinder is 
tamed by a counterpoise, and allowed gradually to sink in the liquid, thus pre- 
ing a greater surface to the action of the acid as that liquid becomes weaker, 
nvews battery . — In this battery (Jig. 414) the positive-metal consists of amalga- 
the luuuersed in sulphuric acid diluted with about 10 times its bulk-of water, and' 
Dt^tive metal of platinum immersed in strong nitric acid. Each zinc plate^ Z, benti 
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round, as in the figure, is contained in a rectanj^ar vessel of glass or glased earthen^ 
A B 0 D, filled with dilute sulphuric acid. Between the two bends of the line pW? 
placed a narrow rectangular cell of jwrous earthenware, containing strong nitric acid an? 
in this is immersed a plate of platinum, bent at the top to meet the next zinc 
against which it is pressed bv a small split piece of wood, a. The action of this 
js similar to that of Daniell’s, but stronger, because the hydrogen evolved by^ 

decomposition of the water is rapidly taken up by the nitric acid, which, in fact 

upon it like peroxide of lead, or manganese (p. 421), and tends greatly to in, 
tensify the polarity induced by the action of the zinc on the sulphuric acii The 
battery is not, however, so constant as Banielld : for the nitric acid is very quieklv 
reduced to lower oxides of nitrogen, and, after the battery has been in action fop 
about an hour, copious rod fhmes are given off, which cause great annoyance. Thu 
inconvenience may be diminished by using weaker nitric acid (acid of 1-40, mixed 
with half its bulk of water), or by mixing the stronger acid with one-third or onc- 
half its volume of strong sulphuric acid ; both these methods render the action 
variable : but the former greatly diminishes the force of the current ; tho latter is 
therefore, to be preferred. ’ 

BunaerCs battery {fig. 415) is the same as Grove’s, excepting that the platinum is re- 
placed by compact charcoal or coke. Each couple consists of a hollow cylinder of carbon 
enclosed in a glass vessel containing nitric acid, and encloses a cell of porous earthenware 
which contains dilute sulphuric acid, and a cylinder of amalgamated zinc. The upper 

¥igm 415* 


Hm of each carbon cylinder is enclosed by a copper ring, to which is attached a riband 
of the same metal, serving to connect it with the zino of the next couple, in the 
manner shown in the figure. 

The carbon for these batteries is obtained as described at p. 760, voL I Its con- 
ducting power is somewhat loss than that of platinum, and consequently tlie current 
producea on first closing the circuit is less violent than that of Grove’s battery, and, 
on this account, somewhat more constant. 

The platinum in Grove’s battery may also be replaced by lead coated with gold or 
platinum (Callan, Ann. Ch. Phys. [8] viii. 28) ; also by iron rendered passive by ij’'” 
mersion in strong nitric acid ; iron in its ordiuaiy state may be used as the poative 
metal, with passive iron as the negative, but amal^mated zinc is better (Schonbein). 
Gdlan has (mtained good results with amalgamated zinc and cast iron immersed in 
^ute sulphuric acid, without the use of nitric acid. 

The variation in the strength of the current arising from the adhesion of hydrogen 
Ip the surface of the negative met^ may also be prevented, to a great extent, W 
covering the surface of tlmt .metal with a coating of finely divided platinum or gold* 
Hafos of platinum or silver may be thus coated by immersion in a solution of chloride 
cf plattmun or chloride of gold. Metals thus coated with pladnum are said to bs 
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Sjm/s battery^ which consists of a smcs of pairs of amalgamated zinc and platinised 
1 tinuoi immersed in dilute sulphuric acid, produces a current of much greater con- 
f DCT than might be expected from a battery of only one liquid, because the hydrogen 
dMS not adhere to the rough surface of the platinised platinum. The form of the 
lutes is similar to that adopted in Grove’s battery, the plates of zinc being bent 
double, and the platinum plates interposed between the two surfaces formed by ther 
l>l>nd ; but as there is only one liquid, and no porous cell, the two surfaces of each 
me plate may be brought much nearer to each other than in Grove’s battery. The 
Utti'W is charged with a mixture of 1 pt. sulphuric acid to 7 pts. water. The plates 
are attached to a frame, by which they can be easily lifted out of the trough when 
Dot required to act. 

Platinised silver may be used instead of platinised platinum, but silver is not very 
ea.sily platinised, on account of the high polish of its surface. 

None of the forms of battery above described are capable of yielding a really con- 
8tant current Daniell’s construction gives the nearest approach to constancy ; but 
even in this, variations must arise, as it is impossible to keep the acid at a perfectly 
uniform strength. The only way of obtaining a perfectly constant current, is to inter- 
pose in the circuit, a conductor, the resistance of which can be made to vary inversely 
tn the strength of the action in the buttery. The mode of effecting this will be 
described hereafter (p. 464). 

2. Development of Electricity hy the Chemical Action of Solutions one upon ths 

other. 

When two conducting liquids act upon one another, a development of electricity 
takes place, the more acid liquid becoming positive, and the more alkaline liquid 
negative. This may bo shown by 
plunging two perfectly clean plates 
of platinum, coiinectod with tho 
pnds of a galvanometer udre, one 
in nitric acid contained in a glass 
v**ss»'l(/ [Jiff, 416), the other in a 
snlution of potash contained in all- 
ot her glass vessel (7, and connecting 
the two liquids by means of a 
Imntlle of cotton or asbastos fibres 
p tn y,stc(*|)ed in a slightly acid or 
suline solution. Tho acid and alkali then rise through the bundle of fibres, by capillaritjr^ 
«iul as soon as they mix, a current is produced, the +E passing from the acid 
through the galvanometer to the alkali. That this effect is really due to tho mutual 
;i< tif)n of the acid and alkali, and not, as Ihivy supposed, to the different action of 
the two liquids on tho platinum plates, may be })roved by Immersing the two plates in 
cups containing a solution of nitre, connecting these two cups by means of a bundle of 
asltestos or cotton fibres, one with the nitric acid, tho other with the potash, and the 
acKi and alkali by another bundle of asbestos as before. The current is then produced 
in the same direction as with the former arrangement, but somewhat weaker, on account 
of the small conducting power of the nitre solution. Another mode of operating, so as to 
obviate the objection above-mentioned, is to plunge tho two platinum plates attached 
to the galvanometer coil into vessels containing nitric acid, connect these vessels by a 
»undle of cotton fibres about four inches long, moistened with water, then drop gently, 

>7 means of a tube, a small quantity of acid and of potash solution near the middle^ 
ot the cotton. As long as these drops of liquid remain separate, no current is formed ; 
jnt us soon as they mix, a current is produced in the same direction as in the preced- 
ing experiments, the + E passing from the alkali to the acid, and thence through the 
connecting wire to the alkali again. 

If, in the first arrangement, the cotton or asbestos is moistened with a strong solu- 
tion of any salt, such as chloride or sulphate of sodium, a current is at first formed by 
e action of this solution on the acia and on the alkali ; this current is, however, 
tnpuratively feeble, and is soon succeeded by the stronger current resulting from 
e mixture of the acid and alkali. Thus, nitric acid and potash connected by 
ton containing sulphate of sodium, produced, at first, a deflection of 4° or 6® in 
^ galvanometer, but after a few seconds a deflection of 20®, which remained 
instant. 

^irents are also produced by the action of one acid upon another ; thus, 
sulphuric acid is carefufly poured into one branch of a U-tube (fy. 
^0, and nitric acid into the other, so that the two liquids may meet in m, without 
and the platinum termintds a 6 of a galvanometer are made to dip into. « 
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Fig. 417. 



tha two acidi), a current is formed, in which the +■ pns^ from the nitric acid dirtcllT 

to the sulphuric acid, and thence through thefraU 
vanomoter back to the nitric acid, the Utte* 
acting, in fact, as a base to the sulphuric acid 
Phosphoric acid acts with nitric acid iu the same 
way 118 sulphuric acid, and ivith sulphuric aoid 
in the same manner as the latter acts with nitric 
acid. 

Of the conducting solutions in the following 
series, each is nejative with those which follow, and 
2 iositivfi with those which precede, it; the term 
positive being here, as before, applied to the hoily 
fmm whicli the + E passes directly to the othcru; 
Phosphoric acid^ sulphuric a^id^ nitric acld^ 

h/J rorhloric acidy acetic acidy saline solutionsy 

alkaline solutions. 

Water is for the most part positive with acids and negative with alkalies. 

In all arrangements like those above described, it is of great importance to clean 
the platinum plates before each experiment, by heating them to redness, then immers- 
ing them iu boiling nitric acid, and, lastly, washing them in distilled water. Tltey 
should then be tested by connecting thorn with a galvanometer, and immersing 
them in the same liquid— nitric acid, for example. If quite clean, they will produce no 
current; if, on the other hand, the needle is deflected, it may be concluded that tlu‘ 
plates arc polarisedy by the deposition of a film of oxygen gas on the one, and hydro- 
gen on the other, these gases resulting from the elc(!t roly tic action which has taken 
place in the liquids in which the plates were previously immorsod (see the next section 1. 
The effect of these gaseous deposits is to produce a current in the direction inyersc t4) 
that of the current by which they have been formed, and this current may diminish, 
or even completely neutralise, that which it is desired to produce. 

To obviate (his source of error, Beequerel contrived an apparatus called a atpwrtwfr, 
consisting of a mechanical arrangement by which each of the platinum plates Ulifled 
out of the solution in which it has been immersed, and plunged into the other, tm'ir 
connections with the galvanometer remaining, however, unchanged. ^ The result of 
this continual shifting of the plates is, that neither of them remains in either of the 
liquids long enough to become polarised, and therefore the secondarv current above- 
mentioned is not produced. By means of this apparatus, Beequerel has been able to 
detect tlie production of a current by the mutual action of liquids, m many cases m 
which it would not otherwise have boon apparent. i r 

The intensity of the current produced by the mutual action oi 
liquids may, of course, be increased by joining several couples to- 
gether, the two liquids in each cell being aepiiratcd by a porous 
diaphragm, or, if they differ greatly iu density, simply laid one upon 
tli (5 other. The couples are connected by wires of copper or plati- 
num, the extremities of which dip into the positive liquid of one 
cell and the negative of the next. .j i 

A very remarkable form of couple, composed of two liquids ana one 
metal, is that which is known as BecqtiercT s Oxy^en-ciremt. C i 
(JJq. 418) is a glass bottle, into the nock of which is inserted agla^ 
tuho ABy kept in its place by a cork. Over the bottom of the tu e 
is tied a piece of linen, on which is placed a layer of moist clay, abou 
half an inch thick, and on this is laid a piece of cotton-wool, to pre- 
vent it from mixing with the supernatant liquid. ^ The 
with nitric acid, the tube with solution of caustic potash, luc 
liquids come into contact through the moist clay, and are also wn* 
nccted by means of a wire, which may he that of a galvanometer, 
minating in two plates of platinum P N, tho former immersed m 
potash, the latter in tho nitric acid. On making 
strong current is produced, tho -J- E passing from N along^ tne^ 
to P, and at the same time the water of the potash 
composed, its oxygen escaping in bubbles at P, while the hyoro^ 
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composeo, ira oxygen escaping in uuuuiOT au x, 
is transferred to the nitric acid, which it partly reduces to nitrour acid, tn ; 

colouring the liquid around it red or green. . , ’ ^ ^ tx. WAUseths 

The current produced by this oxygen-circuit is of constant strength, ne^u 
{anti's do not become polarised; infact, although the nitrate of 
union of tho acid and alkali is decomposed by the current, the wid 
tnmsferretl to tho plate P, and the alkali to Ny the acid is ^mediately . 
{ yitiuwi by Che potash at P, and tho alkali by the nitnc acid ^ ^ ' 
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f rpmain attached to the platea. Thb arrangemeDt was the earliest form of a con- 
^ t roJtaic current Its power may be considerably increased by making the plate 
n^f anialtramatod zinc instead of platinum ; the zinc takes hold of the oxygen, and 
^ t CPS -in electric polarisation in the same direction as that resulting from the mutual 
f n of the acid and alkali. A single couple thus constituted decomposes water 
^ -/r f’lcility, and by uniting several such couples a powerful battery is* obtained. 
hVcctricity dt vtkmd by Decomposition of Solutions. — When water holding any siib- 
^ solution IS evaporated in a platinum vessel placed on the plate ofacou- 
electroscope, the metallic vessel acquires a positive charge when the solution, 
' and negative when it is acid, the opposite electricity being in each case 

*^rrie<l off* hy the water. A solution of ammonia forms, however, an exception to the 
aiieral l^ehaviour of alkaline liquids, because the ammonia, being more volatile than 
water, carries off the + A’, and leaves the water negative. To exhibit those offocts 
the evaporation must bo rapid, otherwise the opposite electricities have time to re- 
’,>iiibine. A convenient apparatus for the purpose is a small wide platinum capsule, 
or a tliick piece of platinum foil, slightly hollow'ed out in the middle. This is to 1)0 
i/.iinectiMl with the lower plate of the condenser, then heated to redness, and a few 
tlri.ps of the solution poured into it. A comparative experiment should first be made 
wifli pure water to ensure that there is no electricity developed by the friction of 
minute globules of water against the edge of the vessel. Peltier has obsen’ed, that 
fh.^ (b'velopTaeiit of electricity in these experiments does not take place during tho 
wliolctiTHc of the evaporation, but only at tho moment when tho liquid, quitting the 
ppluroidal state into which it has been tlirown by contact with the hot metal, experi- 
nurs a kind of cTepatation ; ho thence concludes that the electric excitement is duo to 
ihi' poparation of combined water, and not to the mere evaporation of the water which 
liiiKls th(5 substance in solution. 

3. Devdoprnent of Electricity hy the mutual Action of Gases and TAquids. 

Polarisation ; Gas-Batteries. 

Wo h:iv(‘ already had occasion to notice several instances in which the curremt 
pr(diu(‘(l by a voltaic coiij)lo is weakened, or even neutralised, by tho action of 
rtlnis of ll(iui<i or gas attaching themselves to the surfaces of tlie solid elements. 
This kind of action was first observed by Hitter, wlio found that a pile composed 
ct a number of discs of the same metal, separated by pieces of moistened cloth, 
though inactive of itself, acquired, by connection for a few seconds, with the 
poles of an ordinary voltaic battery, a kind of secondary polarity^ which enabled it for 
;i sliort time afterw'ards to exhibit electric tension at its extremities, and produce a 
nirr. nt ciq)able of decomf>osing water. This effect, us [pointed out by Volta, is due to 
tlie .bvf)rnpositIon of the liquid between the metallic discs, resulting from the battery- 
fiirn-iit sent through it, whereby, if the discs arc moistened with a s;iJine solution, acid 
is truMsferred towards the end of tlie pile connected with the positive pole of the 
h:ilt'ry, and alkali in the contrary direction, so that one surface of each of tho 
iihfallie discs hccomes covered with acid, and tho other with alkali. Hence, as 
alii ady shown, a current is produced, in wliieh + 7? i>assos from the alkali to the acid, 
that is to .say, in the opi)osite direction to that of the origimd current. This so-calIe(l 
pdarisntion of metallic surfaces may be produced on a .single {)air of platinum plates by 
araiKTsing them in a saline solution, and sending a current through it for a short 
tano; if the ciurent bo then stopped, and tho jdates, while still immersed in the 
h'lid, connected with the ends of a galvanometer coil, a strong inverse current w ill 
he puKluced, lasting for several seconds. The same effi^’t may bo produced, without 
die intervention of electrolysis, by simply immersing one of the j)late8 in acid, the 
f>lher in alkali, then comiccting them with a galvanometer, and plunging them into a 
conducting solution. 

Pintos of platinum become polarised in a similar manner, when immersed in w'ater 
cibicr pim? or acidulated, and connected with the poles of a battery, the effect, in 
, hns case, being due to the films of hydrogen and oxygen which collect on the noga- 
I b\e and positive plates respectively. Tliat this is the true explanation of the pheno- 
is shown by the following facts : — 1. The polarity of tho platinum plates is 
<l<NtiV)yecl by heating them to redness. 2. Wlien the plate wdiich has been connected 
J'ltli the positive pole of the battery is introduced into a graduated tube filled with 
''ydrogftn, and the other into a tube filled with oxygen, both gast‘s are jpadually 
J »8<»rl)od, tho hydrogen disappeai’ing twice as fast as the oxyg(*n. 3. The polarisation of 
le platinum plates may be produced without tho aid of electrolytic action, by 8im})ly 
^niersing one of them in hydrogen, and the other in oxygen gas. On subsequently 
^‘inectitig the. plates with a galvanometer, and then plunging them into water, a 
current is obtained, the + E piissing from the plate which has been immersed 
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111 the hydrogen, through the liquid, to the plate which hua boea immeised ’ 
oxygen. ^ to* 


Fiff. 419. 


Qrovi^e Gajt^hattcry , — The secondary currents produced by polarised plates as 1 

described, are but of short duration ; but urore has suoceeded^V 
peculiar arrangement founded on the same principles, in produo^ ' 
a continuous current. Two glass tubes (Jiq, 419), dos^ 
and each containing a plate of platinised platinum (p. 425 ) 
nected with a platinum wire passing through the top are^’fULll 
with acidulated water, and supported in a glass vessel, ao, aho 
filled with acidulated water. One of the tubes is then filled^ vith 
oxygen gas, and the other with hydrogen, and the external wires 
A, are conuected with a galvanometer. A strong current is then 
produced, proceeding from the hydrogen plate, through the liquid 
to the oxygen plate, and at the same time the gases in the tub^ 
gradually disappear, the hydrogen twice as fast as the oxygen 
By connecting a number of such pairs together, the hydrogen plate 
of the one with the oxygen plate of the next, a “ gas-battory ” is 
obtiiined, capivble of giving sparks and shocks, decomtisbe 
water, &c. ^ 

The exciting action in this battery takes place at the surfaces of 
contact of the platinum, the liquid, and the gases. The liydrogcn 
adhering to the surface of the plutinuni, in the line of contact between 
that surface and the liquid, polarises tlie particles of the liquid, 
so that the oxygen-atom of each itioleeule of water is turned to- 
wards it, and the hydrogen-atoms the other way— in short, it aits 
just like the 2 inc in the ordinary battery. Moreover, the oxygen 
in contact with the platinum in the other tube polarises the mole- 
cules of w’ntcr in tho same direction, and thus tlie intensity of the action is doubled, 
The polari.satioii of a chain of particles may be thus r<*presenU?d : 



Pt H2 O IP O IT* O m O Pt 

+ 

On making a connection between the two platinum plates, the - ^ of the one unites 
with the + A’ of the other; the free hydrogen in contact with the first unites with tl;n 
oxygen of the adjacent molecule of water, the hydrogen of this with the next, and so 
throughout the series. 

The use of platinised platinum in this battery is not absolutely necessary, as clean 
polished plates of the metal act in the same way ; hut the platinised platinum acts more 
powerfully 011 account of the greater surface which it alFonls. Platinum is peculiarly 
adapted for forming part of sucli an arrangement, by its medium position on tlie 
electrical or chemical scale (p, 13). If an oxidablo metal were used, the effect would 
be complicated by its affinity for the oxygen, 

Tlie action of the battery is exactly the same whether the gases wdiich fill the tubes 
are evolved by the electrolysis of water, or prepared by ordinary chemical metJiods. 

Several other combinations of gases have likewise l>een tried, vi*, chlorine and 
hydrogen, chlorine and carbonic oxide, oxygen and nitrous oxide, hydrogen and 
carbonic oxide; but none of them are well adapted for actual use in the batlerv. 
Chlorine and hydrogen give a powerful current ; but the rapid absorption of tin' 
chlorine soon puts a stop to the action. Chlorine and oxygon on the one side, and 
hydrogen and carbonic oxide on the other, are the only gases which appear to be 
tapable of producing a continuous current in the same manner as hydrogen and oxygon. 
The other combinations produce no effect after the first few minutes. 

Passive state 0 / metals , — When a piece of clean iron wire is immersed in nitric acid 
together with platinum, the latter being introduced first, and the two connected with 
a galvanometer, a powerful current is formed at the first instant, the iron forming the 
positive metal ; but the strength of tho current quickly falls to a very small amount, 
at which it may remain constant for several days. This effect is evidently due to the 
formation of a thin coating of oxide. Tlfo iron thus treated is no longer attacked by 
stronp; nitric acid, but may be preserved in it for any length of time without change ; 
in thm state it is said to be passive. When an iron wire in this state is immersed in 
nitric acid, and another iron wire brought in contact with it> and then dipped into the 
acid, this wire is likewise rendered passive, forming in fact the positive ? 

voltaic couple, in which the first wire is the negative metaL In like mannefi a third 
wire may be rendered passive by connection with the secon^ and so on. Iw WS 
also be rendered passive by mere immersion in veiy strong nitric acii or by. hoWw 
it &r a few seconds in the flame of a spirit-lamp, whereby it becomei »uperfl«i«nl 
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ridiaed ; or again, hy holding the extremity of the wire for a short time in tli% lan^ 
flanip and then dipping it gradually into nitric acid, the oxidised eiSd 
Iron thus rendered passive may be resto^ to its ordinary state ly any treatment 
hich removes the superficial coating of oxide, e. g, by touching it while immersed in 
m-i.i with a piece of ordinary iron, or with zinc ; or by making it serve for an instant 
af« the negative pole of a voltaic battery in the decomposition of water, so as to cause 
an evolution of hydrogen upon its surface ; also by immersing it in hydrochloric acid, 
which dissolves off the film of oxide, or even by washing it with water and rubbing it 
with bibulous paper. 

passive iron, as already observed, has been recommended as a substitute for platinum 
ill Grove’s battery ; it is not, however, well adapted for the purpose, as the film of 
cxitlo on its surface soon becomes reduced. 

Other metals, viz. silver, copper, tin, aluminium, and especially bismuth, may be 
hi\)ught into the passive state by the methods above described ; but the effi^ct is not 
BO marked with any of them as with iron. (Gm. i. 353—362.) 

4. DevelopTnent of Electricity by Combustion, 

Combustion, like all other forms of chemical action, is attended with disengage- 
ment of electricity. Volta first showed that electricity is evolved in the combustion 
of carbon; and the phenomenon was afterwards more completely examined by PouiUot, 
w ho found that when a cylinder of charcoal, of good conducting power, is set on fire 
Ht oue end, then placed on a metiil plate communicating with a condenser, and blown 
ujjon to keep up the combustion in the upper part, the charcoal and the metal on 
which it rests becronie charged with — i?, while the carbonic anhydride evolved 
cxhiltits a.s may be shown by placing over it a metal plate communicating with 
juiuthcr condenser. When hydrogen burns in tho air or in oxygen gas, the hydrogen 
liccomes negative, and the oxygen, or perhaps the vapour of water formed by the 
coiuhustion, positive. This may be shown by means of an insulated spiral of 
jiatinum wire connected with a condenser, and held first in the middle of the fiame, 
afterwards at a little distance from it. (Pouillct.) 

Tin? electric phenomena of combustion are not, however, so simple as would appear 
frem these experiments, especially when the combustion takes the form of flame. In 
I'jct, they arc complicated by thermo-electric effects, to such an extent in some cases, 
that many observers have attributed the entire effect to tliermo-electric action. 
l\Ir. Grove has, however, succeeded in showing that a laige portion of the electricity 
observed is really due to chemical action. Two platinum wires 15 centimetres long 
and about j millimetre in diameter, are each coiled into a helix at one end, and com- 
municate by their other extremities with a delicate galvanometer. One of the coila 
is placed entirely within the yellow flame of a spirit-lamp urged by the blow-pipe, 
near the apex of the blue flame, and the other near the orifice of the jet of air at tho 
ha.se of the blue cone, or root of the fiame, the two coils being separuttid by a distance 
of 5 01*6 centimetres. The helix at the apex of the blue fiame is heated to whiteness, 
while the other remains at a cherry-red heat. Under these circumstances, the galvano- 
meter iiulicate.s a deviation of 6 ® ; the coil near the orifice acting lil^ the zinc or 
jwsitive metal in this kind of voltaic couple with respect to the other. 

^ file effect just described is not due to a thermo-electric current produced at tho 
Jjuu’t ions of the copper and platinum-wires, for it is not altered by heating one of 
th(‘se points of junction with a spirit-lamp. Neither is it a thermo-electric current 
due to the unequal heating of the two coils; for its direction is not changed by 
nmviijg the coil in the yellow fiame to a part in which it is less heated than the other, 
if the coil near the base of the flame be brought near the one at the apex, the deflection 
of the needle diminishes; but its direction does not change till the coils are brought 
Tm' near together, in which case the fiamc-current is overpowered by the thermo^ 
cli^rie current, whose direction is determined by the coil which is most heated. 

w hen a wire of zinc, iron, or copper is substituted for one of the platinum wires, the 
current is stronger when the oxidable metal is in the hottest part of the flame and the 
V at mum wire at the base, than in the contrary case, probably becatiso the oxidable 
thicker, produce, when introduced into the hot flame, a cooling effect, 
facilitates the development of a thermo-electric current in the same direction an 
ne ^rrent due to the chemical action going on in the flame. 

Ihe effect mav be greatly intensified by uniting the action of these two cumnto. 
nis IS effected by forming a piece of platinum foil into a small cone about a eenti- 
. depth and width, and introducing this cone suspended in a platinum ring 

to the fii’l flame instead of the platinum coil. The little hollow <^ne is filled with 
ter, which is renewed from time to time by means of a pipette. With this arrange- 
a current is obtained capable of deflecting the galvanometer ne^e 20 ® or 30®, 
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. mnd in the same direction as in the preceding experiments. When the oone ilii 4 
with water was placed at the base of tlie flame and the coil at the anex. thA 
: did not exceed 6^. ® 

Thm exj^iments show that there exists in flame an electric current, not of the 
ele<^ric origin, and such that the platinum at the base of the flame plays the partofTlT 
positive metal in the circuit whico it forms with the platinum at the apex. (Orov 

Matteucci attributes the flame-current to the same mode of action as that wh’\ 
takes place in Grove's gas-battery. In fact, in the arrangements above described 0 
of the platinum wires is in contact with the combustible matter of the flame ’ ri”^ 
hydro^i^en or vapour of alcohol, the other with the oxygen of the air, and between 
them 18 a quantity of aqueous vapour, the particles of which become polarised, and 
suffer electrolytic decomposition just as those of the water in the gas battery • tlie 
direction of the current is in accordance with this view, the platinum immersed in the 
hydrogen or alcohol- vapour acting as the positive metal A similar explanation is 
applicable to the development of electricity in the combustion of charcoal. Mattem^ci 
has shown that when pure charcoal bums in dry oxygen gas, no electricity is developed- 
but when the combustion takes place in moist air or oxygen, an electric current iii 
produced, the vapour of water being as before the electrolyte, and being decomposed by 
the hot charcoal, just as the water in an ordinary voltaic couple is decomposed by the 
' einc ; so that the charcoal becomes charged with — /?, and the aqueous vai>our and 
carbonic anhydride with + K 

Chbmicxl Effects op tivr Electiuc Curuunt. ’ Elbctholysis. 

The decomposition of chemical compounds by the electric current has been already 
considered in connection with the discharge of friction electricity (p. 397), and wiib 
the development of electricity by chemical action ; but there are several important 
facts and lau's relating to it which must now bo more fully developed. 

When an electric current passes through any compound liquid, the elements or 
radicles of that lii^uid (regarded as a binary compound) are separated and transferred 
in opposite directions, the one following the direction of the positive, the other that 
of the negative electricity, and the separation going on continuously as long as the 
current is kept up. The separation and transference of the tdements takes place in 
•the same manner, from whatever source the electricity may bo derived ; but they are 
exhibited most conspicuously by voltaic electricity. 

This mode of decomposition is called Electrolysis (IJ\«icTpoi/ and Av«ii»); the 
compound decomposed is an Electrolyte; and the extremities of the iindalHc or 
othcTConductora by which the current enters the liquid are called Electro do 3 (IjKficTpuv 
and 6dos\ They were formerly called poUs^ but the term electrode is preferable, 
-because less theoretical, a pole being usually understood ns a centre of force, as in 
fact the metallic terminals of the voltaic battery were regarded in the earlier days of 
the science.* The electrodes are in most cases surfaces of metal, but they may also he 
surfaces of liquid or even of air, as in the decompositions by friction- electricity described 
at p. 397. 

Those elements or radicles which follow the direction of the current of positive 
electricity, and arc evolved at the negative electro<le, are called electro-positivo 
bodies ; such are for the most part hydrogen, the metals, and basic radicles in general : 
those which travel in the direction of tlie current of negative electricity and ore 
eliminated at the positive electrode, are called electro-negative bodies; such are 
oxygen, chlorine, iodine, cyanogen, and acid radicles in general. It must be nndewtood, 
however that the electric relations of elements, like the purely chemical relations of 
acid and base, are not absolute, but vary according to the combination in which they 
exist ; an element which is electro-positive in one combination may be electro-negative 
in another. 

When two platinum plates or wires connected with the poles of a voltaic batteiy, of 
not less than three pairs, are plunged into water acidulated with sulphuric acid, to 
increase its conducting power, streams of gas arc evolved from the liquid at the sur- 
faces of both the platinum terminals — hydrogen from that which is connected witn 
the negative, oxy^n fipom that which is connecf/cd with the positive, pole ; and if the 
^es are collect^ in separate tubes placed over the platinum terminal, the hydrogen 
is found to occupy twice the volume of the oxygon. The quantity of these gases 

• The terms tifetr<d^$i$^Heetroiyt$^ and electrode were Introduced by Fa»^aday, who ^e**f*S S 

the aurface of the electrolyte in contact with the positive electrode the n node, and that whico 
tontect with the negative electrode as the cathode; be n Wo applii^s the terms anions aodcatl*^ 
to the elements evolved at the anode and cathode retppciiv»*ly, and inrln<i»-s iv-tii seis of tdeinewts ui|w 
the general term , 1 o n s . For the derivation of these terms, see Varadoy's Eeperintcntol 
vii^ eiso the article Amon in tlds DlcUoaary, 
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in n serves as a measure of the chemical power of the battery : 

hence an apparatus arrau^ for decomposing water in this manner and measuring the 
quantities of gas obtained is calledaV oltameter. Fig, 420 represents a voltameter for 


Fig, 420. Fig. 421, Fig, 422. 



rollccting the gases in .separate tubes; figs, 421, 422, voltameters in which they arocol- 
]«■»•( (‘(1 in the same tube: the latter is generally the more convenient form of measurc- 
int iit, because a larger quantity of gas is collected in a given time; but when particular 
jKTuracy is required, it is best to collect the gases separately, and measure only tho 
Ijyilrogoti, because the oxygen is somewhat more rapidly absorbed by the water. 

WluMi hydrochloric acid is subjected to tho action of tho battery with platinum 
electrodes, hydrogen is evolved at the negative, and chlorine at the po.sitive electrode ; 
but with copper electrodes chloride of copperis formed at the latter. lo dide o f potas- 
sitim in aqueous solution, with platinum electrodes, yields iodine at the positive, and 
pjlassium at the negative electrode, the potassium not however being separated in the 
metallic state, but decomposing tlio water; so that hydrogen is evolved and a solution 
of potash is formed. Aqueous sulphate of sodium (Na®SO^) yields in like manner 
Sodium at tlie negative, SO* at tho positive electrode, the sodium being converted into 
S(h1:i, with elimination of hydrogen, the SO* into sulphuric acid (H*SO*) with elimina- 
tion of oxygen. Aqueous sulphate of copper (Cu^SO*) yields metallic copper at the 
iieoal.ive, and sulphuric acid at the positive electrode. 

Fused iodide of load yields iodine at the positive, lead at tho negative electrode ; 
other fused chlorides, bromides, and iodides, yield similar results. 

It i.s only at the surface of the electrodes that any signs of decomposition are 
apparent; the intermediate portion of the liquid appears perfectly quiescent; neverthe- 
less this portion forms part of the circuit along which tho current passes, and must 
therefore bo subject to its influence ; indeed, if wo regard the current as a succession of 
molecular charges and discharges, taking place throughout the circuit (p. 404), every 
molecule of liquid between the electrodes must experience a succession of these 
Hctions. The non-appearance of any change, except at tho electrodes, is explained as 
follow's : — 

Suppose the electrolyte to be hydrochloric acid. A row of its molecules situated 
between the electrodes p n {fig, 423) becomes polarised by tho action of the battery, 
the chlorine-atoms (denoted by tho dark half-circles in tho figiu’o) tiiking a negative 
charge and turning towards the positive electrode, while the hydrogen-atoms (the 
half-circles) take a positive charge and turn towards the negative electrode, 
^nen this state of tension has reached a certain limit, discharge takes place along 
the whole row of particles, tho chlorine of each molecule pa.s.sing on to the hydrogen 
of the one on its left: whence it follows that an atom of chlorine is left free at the positive, 
nnd an atom of hydrogen at the negative electrode, and the remaining atoma> arrange 
themselves as shown m the second line of tho diagram. The same process is then 
repeated ; these molecules become polarised like those of the first row, turning tlieir 
chlorine-atoms to p, and their hydrogen-atoms to w, and when the tension has reached 
a certain height^ discharge again takes place, a second atom of chlorine being evolved 
At p, and a hydrogen atom at n ; and in this manner the action is continued, no change 
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being apparent in the intermediate molecules, because one molecule of hydrochb * 
acid is exactly likd another. Tho decomposition which goes on in a liquid subjec^^ 

Fig, 423. 

2 2 ^ 4 • s e 

' C* -4)^ ■€)*■ '€)’■ '€)'■ '€)* 

A d 3 3 (I <3 

'*'0* ■C)*'C'* ‘0* -0*-' 

to the action of the battery is, in fact, exac*tly tlie same as that which takes place in 
tho cells of the battery itself, as already explained (p. 419). 

A similar explanation applies to every case of I he decomposition of a single clwtro- 
lyte. Moreover, the same interchange of atoms may take place between two or morft 
liquids, placed between tho same electrodes and connected together hy colinnns of 
liquid, os by siphon-tubes filled with water, or by moistenc'd bundles of cotton or as- 
bestos, as shown in Jigs. 424, 425, 426, or separated by porous diaphragms. Suppose, 


Fig. 424. Fig. 425. 



for example, the positive electrode to be immersed in a solution of nitrate of potassium, 
and the negative in a solution of chlorido of sodium, the two liquids being sepa- 
rated by a partition of bladder, vegetable parcliment, or porous earthenware. A series 
of molecules between the electrodes may bo thus-represented : 

p N0»1K NO’K NO’K ClNa ClNa Cl|Na n. 

1 2 3 4 6 6 


The atoms are then transferred in opposite directions in tho manner above descrilied, 
tho atom NO* in 1 being in the first instance evolved at p, and the atom of Na in 6 
at n. At tho same time, the K in 1 is transferred to the NO* in 2, the K in 2 to the 
NO* in 3, the K in 3 to the Cl in 4, the Na in 4 and 5 to the Cl in 6 and 6, respectively ; 
so that tho new arrangement is — 


p N0*1K NO*K CIK ClNa CljNa n. 


The action is then continued h the same manner, the successive steps of tho decom- 
position being represented as follows : 


p NO*|K CIK CIK ClINa « 
CljK CIK ClIK 
CI|K C1|K 
CljK. 


In this manner, both the acid radicles are transferred to the positive and both the 
basic radicles (metals) to the negative electrode. 

The same transference of atoms in opposite directions takes place with anv numwr 
of solutions, all tho acids ultimately reaching the positive, and all the baseS' the 
negative electrode, provided all the compounds formed by the several interchanges or 
mmecules are soluble ; but if an insoluble compound is formed, it falls to the bottoub 
is removed from the sphere of action, and its elements are not carried any fiirthw.. 


ELECTROLYSIS. 


435 


Th s when a solution of sulphate of tjotaasium is placed m contact with the negative 
1 Strode distilled water at the positive electrode, and a solution of caustic baryta 
rlTwpen them (Jtff* 425), no sulphuric acid is transferred to the positive electrode, but 
precipitate of sulphate of barium is formed in the middle liquid. Similarly W'ith 
'if ride of baiium in the positive vessel* water in the negative, and sulphate of 
^ tassium iij the middle, potash soon appears in the negative vessel, and a precipitate 
^salpliatc of barium is formed in the middle vessel ; but no baryta is transferred to 
?hc nc^^ative, or sulphuric acid to the positive electrode. When chloride of barium is 
placodlii the negative vessel, sulphate of silver in the middle, and water in the positive 

tcsmI. tbu9 ^ SO<Ag» CIW n, 


pulphnric acid makes its appearance after a while in the positive vessel, and a pre* 
clnitnte of chloride of silver is formed in the middle. 

liilalion htimen DtimiiposHion and Conduction , — From tho manner in which 
electrolytic decomposition takes place, it is manifestly dependent on (hat free- 
dom of motion among the molecules of a body which is ft)iind only in the liquid 
titide. On tlio other hand, the transference of atoms in opposite directions is 
ail es?cnti;il condition of the passage of eloetricity through compound liquids; 
(lie series of disoliurges between contiguous molecules, which in solid conductors 
t ikes ]d:ico without permanent dislodgeineiit of tlie atoms, is in the electrolyte 
ess< iitially coniu'efed with the interchange of the constitiu'iit atoms. Many oxides, 
chl''i’i-h s,"and salts of various kinds, c.y/. potash, protoxide of lead, tho chlorides of 
f!i.' alkali- aiul earth-rnetals, sulphide of antimony, sulphide of potassium, chlorate and 
irtrale of potassium, borate of lead, &c. &c., wdiicli resist the passage of the voltaic 
(ni'iTiit while, in the solid state, conduct and suffer decomposition w’heii fused; whereas 
ttii.'r com]ioiinds, (\g. iodide of sulphur, stannic iodide, orpiment, realgar, glacial 
jti'. fic acid, calTeine, spcnnacoti, camphor, &c., neither, conduct nor are decomposed 
vlicji melted. TJie same is true of stannic chloride, chloride, of arsenic, and hydrated 
cliloridc. of arsenic, wliioli are liquid at common temporatuves. (Faraday.) 

Tfi( re is an apparent exception to this law, with regard to water and certain other 
lirpiids, wliicdi appear to conduct feeble currents of electricity without undergoing de- 
composition. Thus Faraday found that when acidulated water, solution of sulphate of 
s<4iiim, fused nitre, fused chloride of lead, fused chloride of silver, or fused iodide of 
h id, was placed, together with solution of iodide of potassium, in the circuit of a single 
j air of zinc and platinum plates excited by dilute acid, the iodide of potassium was 
dci'ompnsod, but not tlic other electrolyte, which therefore appeared to conduct with- 
out decomposing. According to Jacol>i also, the current of a single pair does not de- 
compose water, and yet produces defle^ction of tho galvanometer. If the current of a 
ti n-f):iir l»attery be weakened, by the interposition of a long thin wire, to such a degree, 
that it produces the same deflection of the galvanometer ncedlo us the current of a 
f^iiiclc pnir, it hkowiso appears to pass through whaler without producing decom- 
pft.'^ilion. 


This passage of feeble currents through electrolytes without decomposing them, 
appears at first sight to be at variance with the law of definite electrolytic action 
(i^. 138). The anomaly, however, is only apparent. It is true that no gas is obtained 
M'hon a feeble current is passed into aciduhited water by means of platinum plates ; 
ntverthtdosH tlie water is decomposed, but so slowdy that the oxygen and liydrogen 
psos liberated on so large a surface, partly surround it as an envelope, and are partly 
Hltsorbod by the water. The decomposition may, however, be made apparent by 
I'hu'ing the apparatus under an exliaiLsted receiver, tho gases then making their ap- 
pc.tr.'iuoe on the surface of the plates. Another mode of. rendering decomposition by 
t‘ ehle currents visible is to reduce the smTace of one of the electrodes. Thus, if one 
the electrodes consists of a platinum plate and the other of a fine platinum wiro 
cei’cred with glass up to its very point, gas is evolved from the surface of this wire, 
partly because there is no surface to which it can attach itself, and partly perhaps 
iTcuuse the large surface of the other electrode intensifies the polarisation of the metal 
I^iut, and of the particles of electrolyte in contact with it, just as a metal plate or the 
extended hand docs, when held before a pointed rod inserted into the conductor of an 
t'h'ctrical machine (p. 389). The evolution of gas from the wire ceases, however, after 
a snort time, but may be renewed by increasing the surface of the other electrode, 
or by reversing the current, which destroys the polarisation of the electrodes (p. 


Secondary products of Electrolysis. It is but rarely that both elements of an 
oloctrolyto are separated at the electrodes in the free state, one or both of themfrequently 
entering into some new combination, either with substances contained in the solution, 

F F 2 
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OP with the clectrodos themselres. Instances of this sooondaiy action haTo bpen 
already noticed in speaking of the electrolysis of sulphate of sodium and other salfA 
and many others may be given. In a mixture of hjrdrochloric andhydriodicacidi 
nothing but iodine, would be evolved at the positive electrode, because, though holh 
acids might bo decomposed at once by the current, the chlorine, as soon as liberate;! 
would decompose another portion of the hydriodic acid, combining with tlio hydi'ogen 
and liberating an equivalent quantity of iodine. 

When an aqueous solution of acetate or nitrate of lead is electrolysed, metallic 
lead is deposited on the negative, and peroxide of lead on the positive electrode, the 
latter being formed by the action of oxygen separated from the water on the lead in the 
solution; accordingly the quantity of oxygen gas evolved at the positive electrode is 
considerably less than in a voltameter included in the same circuit. 

Aqueous ammoniayields, by electrolysis with platinum electrodes, pure nitrogen at 
the positive and hydrogen at the negative electrode, the volume of tlie latter being 
three or four times greater tlian that of tho former. The gases are not, however 
evolved by the direct action of the current ; fbr tho proportion of nitrogen is not 
constant, but varies with tho strength of the solution, whereas the volume of hydrogen 
evolved is exactly equal to that in a voltameter included in the same circuit : whence 
it appears that the water of the aqueous ammonia is flecom posed by tlie current, 
and the nitrogen evolved at tho positive electrode results from the decomposition 
of the ammonia by nascent oxygen, with which indeed it is often mixed to a small 
amount. 

Ni trie acidyields oxygen at the positive electrode, inqnantity equal to that in a vol- 
tameter in the same circuit; no gas is evolved at tho negative electrode, but the nitric 
acid is there reduced to nitrous acid and nitric oxide, which colour the liquid yellow 
or red. This result is duo, prtly to tho electrolysis of tho water, tho hydrogen from 
which reduces tho nitric acid at tho negative electrode, partly to the direct decomposi- 
tion of the nitric acid itself, into NO* and JI, the NO* being transferred to the positive 
electrode, where it decomposes water, reproducing nitric acid and eliminating oxygen. 
In consequence of this action, the strength of the acid increases around tho positive 
electrode. 

The substances eliminated from a solution by tho action of the current sometimes 
enter into combination with the electrodes. This is especially the ease whim tin? 
positive electrode is formed of an oxidable metal ; thus, when acidulated water is 
decomposed with a plate of copper or iron for tho positive eh^ctrode, no oxygon is 
evolved, but the metal dissolves in tho acid. On tho other hand, wlion tin? 
negative electrode is coated with a metallic oxide, especially with a peroxide (such 
as MnO or PbO), the hydrogen reduces this oxide and forms water. Actions of 
this kind taking place at the electrodes greatly assist the decomposition, by inducing 
a polarisation of the molecules of the electrolyte in the same direction as that in- 
duced by the action of the battery, 

Bccquerol (TVa/f^ de rElectriciU et du MagnUism, 1835, tom. iii. pp. 291—330), 
by exposing different solutions to the action of feeble electric currents with electrodes 
of various nature, has obtained many metallic compounds, viz. oxides, sulpliidcs, 
iodides, &c., and even the sulphate and carbonate of barium, in regular crystals. 

Organic compounds subjected to electrolysis yield numerous secondary products. A 
solution of acetate of potassium divided into two parts by a porous diaphragm, to 
prevent the mixing of the gases evolved at the two electrodes, yields pure hydrogen, 
together with potash, at the negative electrode, and at the positive (if of platinum) a 
mixture of carbonic anhydride and methyl-gas, with a small quantity of oxide of 
methyl : 

= CO* -j. cn* + H. 

We may suppose that the acetic acid is resolved by the current into H and 0*11*0*, 
the latter then splitting up into CO* and CH*. Other acids of the adipic Sfrie.s 
C“H**0*, are decomposed in a similar manner, the general formula of the decomposi- 
tion being 

C»H*"0* = CO* + C"- *!!*"-» + H. 

An aqueous solution of ethylsulpha te of po t assium yields, at the negative clectfc^o 
ix)ta8h and liydrogen, and at tho positive, ethylsulphuric acid, which, if the positive 
electrode is form^ of amalgarautod zinc, forms ethylsulphate of zinc, but if thepositire 
electrode is of platinum, is resolved, partly by oxidation, into carbonic anhydride, alde- 
hyde, and sulphuric acid. Amylsulphate of potassium with platinum electrode 
yields potash and hydrogen at the negative electrode, and at the positive, free •nlphnnc 
acid and oxygen, with an odour of valeric acid. Amylphosphate of potassiltA 
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• Ik in likt* manner, at tbo positive electrode, oxyp;cn, carbonic acid, and phosphorio 
^ / 1 Vitli an odour of valeric or butyric acid. (Guthrie, Chem. Soc. Qu. J. ix. 131.) 
iiiectrolytlc reduotton of Metals. All metals may be reduced by electrolysis 
other of their compounds, either in the fused state or in aqueous solution, 
examples of these reductions liavo already been mentioned. The less oxidable 
?tals such us copper, lead, tin, and other noble metals, are reduced from the solu- 
Poi)^ f)V their salts with the utmost ease, even by the current of a single pair. Indeed, 
^explained at page 420, every precipitation of one metal by another, such astliat of 
iin r by ii’fni, lead and tin by zinc, silver by copper, &c., is an example of electro- 
t Ik- decoiiipoBltion. The electrotype process and the processes of electro-silvering and 
i). t-tr 4 )-’nlding also belong to the same order of phenomena. For the details of these 
,ro(’ s^es wti must refer to lire's Dictionary of ArtSf ManufaciureSy and MineSy 

illiele Fl KCTKO-MKTATXUnGY. 

The eleetrt>l}'tic process is also used for the detection of metals in toxicological in- 
vofsti'^ations, &c. It has long been applied to the detection of small quantities of 
in rcury, a thin plate of gold being used as the iiegath^e electrode, so that the mercury 
may form »an amalgam ^vit.h it. In 1850, Gaultier de Claubry (J. Pharm. [3] xvii. 
l‘>,) ■ Clioni. Soc. J. ii. 107) proposed its application to the detection of otlier metals, 
r."/. arsenic, antimony, lead, copper, zinc, &c., and more recently 111 ox am {ihid, xiii. 
l i) lni 9 ajiplied it to the detection of arsenic, a solution of arsenious acid acidulated 
with sulphuric or hydrochloric acid and decomposed by the electric current, giving oU’ 
tin' gr^iiter part of its arsenic as arsenetted hydrogen (i. 302). 

Tlif! reduction of the more oxidalde metals requires, for the most part, more powerful 
currents and peculiar aiTangoments, to prevent the recoin hi nation of the metal witli 
(fic oxygen, chlorine, or other cleinont, from which it has beiai s(‘i)arated, and at the 
sime time to coiiccMitrate tiie force of the current at tin* point of reduction. The latter 
ihji'ct may be cfFected by reducing the negative electrode to a fine point, and giving 
t!i!‘ positive electrode a conaiderable surface, as already (lcscril)eil with reference to 
the decomposition of water by feeble curremts. Bunsen finds that, with a giv<m bat- 
t ry p)\ver, the reducing force of the current varies nearly in the inviTSO ratio of the 
triinsvcrse section of tho electrode at which the reduction takes place. Thus, a cur 
rent of constant Strength passed through an aqueous solution of scsquichloride of chro- 
miiini, eliniinates, as the cross section of the negative electrode is diminished, hydrogen, 
ciiroinic oxide, chromous oxide, and finally metnllic chromium. (Pogg. Ann. xci. 619.) 

It was by an arrangement based on this principle, and with the aid of a powerful 
b.iltcry, that Davy succeeded in isolating the metallic bases of the alkalis. Thus, to 
T\‘y\\\Qi.‘. pntassiiony hydrate of potassium contained in a platinum capsule was moistened 
with a small quantity of water, and brought in contact with the end of a platinum 
wire coniu cled with the negative polo of a powerful voltaic battery, the positive pole 
of which was connected with the capsule. Potassium then collected round tho wire in 
small metallic glolmles, most of which, however, ook fire in the air, and were recon- 
vj.Ticd into caustic potash. By making n hole in the lump of hydrate of potassiumj filling 
it with mercury, and dij>piiig the negative wire into the mercury, the reduction is much 
more easily effected, the potassium forming an amalgam, from which the mercury may 
aftcrward.s be removed by distillation. The reduction of sodium is effected by similar 
laid hods. 

Bariuin may be obtained by subjecting the chloride mixed up to a paste with water 
mid a little hydrochloric acid, at the temperature of lOO*^ C., to the action of the electric 
current, using for the negative electrode an amalgamated platinum wire. A crystal- 
Hnii amalgam is thus obtained, from which the mercury may be distilled off in a 
stream of hydrogen. Strontium may be obtained in a similar manner ; also calcium^ 
though lc.s8 easily, because the point of the wire becomes covered with a crust of lime, 
which interrupts tho current. (Bunsen, Pogg. Ann. xci. 619.). 

8(>mo of the alkali- and alkaline-earth-mctals form fusible chlorides, from which tho 
metals are easily obtained by electrolysis. 

lAtkium may bo reduced by subjecting its chloride, fused over a spirit-lamp in a 
finndl porcelain crucible, to the action of a Bunsen’s battery of four to six cells. Tho 
jitoi^itive electrode is formed of a small splinter of gas-coke, and tho negative of an 
wire, nl>out as thick as a knitting-needle. After a few seconds, a small, silver- 
white rogulus is formed round the wire, under the fused chloride. It may be lifted 
mit of tho fused mass, togetlier with tho wire electrode, by means of a small flat 
ifon spatula, the xvire withdrawn with the still melted metal, which ia protected 
from oxidation by a coating of chloride of lithium, and the metal removed from the 
^^patula by a pen-knife, after having been cooled under rock-oil. These operations 
may be repeated every two or three minutes, and thus an ounce ot the chloride 
reduced iu a very short time. (Bunsen, loc. cUI) 
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mixed witd a little sal-ammoniac, tne level ot the salt within the cell being co ’ 
derably higher than in the crucible. ^ The negative electrode, which is placed 
the porous cell, consists of a ve:^ thin iron wire, wound round a thicker one, and tl 
covered with a piece of tobacco-pipe stem, so that only ^ of an inch of it appears below^ 
the positive electrode is an iron cylinder, placed in the crucible round the porous cell* 
The boat is regulated during the experiment, so that a crust may form in the ceir 
The metal then collects under this crust, without coming in contact with the sides of 
the crucible. By this method, pieces of the metal weighing half a gramme are some- 
times obtained. (Matthiossen, Chem. Soc. Qu. J. viii. 107.) 

Barium may bo reduced, in like manner, from the chloride, hut only as a metallic 
powder ; and calcium from a mixture of 2 at. chloride of calcium, 1 at. chloride of 
strontium, and a little sal-ammoniac. (Matthiesson.) 

Magnesium is separated from tlio fiiscd chloride as follows : — A porcelain crucible 
{fig, 427) is divided in half in its upper part by a vertical diaphragm (marie out of a 

thin porcelain crucible-cover, and fitted with a lid 
Fig, 427. filed from a tilo), through which the extremities 

FS electrodes, made of gas-coko or Bunsen’s 

ni-l 1 charcoal (i. 760), are introduced into the two halves 
crucible. The crucible is tlien lieatcd to 
W i '^'SM redness,^ togctlier with the cover and the electrodes, 

V'l "'n 'if I lf rr rir chloride of magnesium, and sub- 

ui '"'Mm / |J Um jcctcd to the action of a 10-pair Bunsen’s batter)’. 

\\ a ni negative electrode is cut like a saw, so that 

\\ JK I U|| the magnesium, as it separates, may lodge in tho 

\ 'Iw I LS cavit.ies, and not float on the surface of the speci- 

Jm 1 H ^1' fically hoarier liquid. (Bunsen, Ann. Ch. Pharm. 

Ixxxii. 137.) According to Matthiesson (Clieni. 
Soc. Qn. J. viii. 107), the metid may be mmdi 
more easily obtained from a fused mixture of 4 at. cblorido of magnesium and 3 at. 
chloride of potassium, with a little sal-ammoniac; the cutting of tho negative eleclrodo 
may then be dispensed with, as the metal k heavier than the fused salt. A siinplo 
mode of cfTectiiig the reduction is to fuse the mixture in a common clay tobaoco-pijio 
over a lamp, the negative electrode being formed of an iron wire pa.sscd up tlio 
pipe-stem, and tho positive of a piece of gas-coke, just touching the surface of tho 
fused chlorides. (M a t th i ess en). 


^ Aluminium may be obtained by similar methods from the finsed chloride of abmii- 
nium and sodium. But as this salt fuses at a very moderate heat^ at which the 
aluminium does not fuSc, but separates as a powder, jailverisod chlorido of sodiinn 
should bo gradually added during the reduction, in sufficient quiuitity to rai.se tho 
temperature nearly to tho melting poiht of silver. The aluminium then separates in 
large metallic globules, (Bunsen; Dovillc.) 

For tho reduction of certain metals from solutions, Bunsen arrjinges the decom- 
posing cell as follows: — The positive electrode is formed of the inner concave surfiico 
of a charcoal crucible, filled with hydrochloric acid and standing within a porci'hijn 
crucible, Tlio liquid to bo deooinposed is contained in a small porous coll standing in 
the carbon* crucible, and the negative electrode is formed of a wire or narrow strip of 
platinum dipping into the liquid. The whole is lieatcd over tho water-bath. A con- 
centrated solution rtf cliromic or manganous chloride, .subjected in this manner to tho 
action of a 4-pair Bunsen’s battery, quickly yields' large lumps of the metal 
chemically pure. 


Law of Definite Fhetrolytic Action, 

Faraday first demonstrated tho important law that: The quantity of any ekeirolyk 
decomposed by the electric current is constant for a given quantity of eketricity^ 
Suppose a number of voltameters with platinum electrodes (p. 4.33) to be traversed by 
the same electric current, not dhuded between them, but passing through them all 
in succession ; then it is found that the quantities of oxygen and hydrogen ga.sefl 
collected in a given time, are the same in all the voltametei-s, even though the water 
contained in them may be acidulated in different degrees, and the electrodes may bo 
of different sizes. The quantity of electricity which passes is determined by the 
resistance of tho liquid which possesses least conducting power, and this quantity of 
electricity decomposes the same amount of water in all parts of the circuit. -As, 
however both tho gases are slightly soluble in water, and the oxygen more so than 
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, tydrocen, it is nccessaiy to guard against errors thence arising, by placing the 
.twdos very close to one another, and at equal distances in all the voltameters, so 
fl t tho may have only a short column of liquid to traverse, and not to leave 
cases long in contact with the liquid, especially if the electrodes have large 
jccs. As oxygen is more soluble in water than hydrogen, more exact results are 
by collecting the hydrogen alone than the two gases together. 

^ ]f the same current be divided between two voltameters (l)y means of a branching 
.oijlUi ’ tor), and then made to pass wholly through a third voltameter, tlie quantities 
hydregen evolved in the flrat two are together equal to that evolved in the third ; 
ami if the current is equally divided between the first two (as moasurod by the galvano- 
loetiT) the quantities of hydrogen collected in them are oqud to one another. 

}j7trn the same current jpasses successively through different electrolytes^ the qjiantitiea 
of these compounds decomj^osedt and of the severed elements eliminated, are chemically 
(ovi valent to each other. 

Turaday decomposed fused stannous chloride (SnCP) by a current which also 
traversed a voltameter containing acidulated water. Into the chloride contained in a 
hint glass tube, and kept in a state of fusion by a spirit-lamp, two platinum wires 
were inserted, ono connected with the negative polo of a voltaic battery, the other 
^ifli one of tlie electrodes of tlio voltameter, the second electrode of which was con- 
nected witli the positive pole of tho battery. Tin was then deposited on the negativo 
clcctroilo in the fused chloride, and at the. same time tlie water in the voltameter was 
dcoMnposed. 

Tho experiment having boon continued till tho quantity of mixed oxygen and 
liydrogon gases collected in the voltameter amounted to 3*85 cubic inches, or 0'497 
cntiiis, llic metallic tin deposited in the same time was found to weigh 3*2 grains, 
how, these two (|uantities are very nearly in the ratio of the atomic weiglits of water 
and tin: for 0 107 : 3*2 8= 18: 115‘8. Tho difi’erenco between the number thus 
obtained and 118, the true atomic weight of tin, probably arose from the action of 
the chlorine evolved at tho positive electrode on the tin, whereby a certain quantity of 
cliloriile was reproduced, the arrangement adopted not being capable of effecting a 
very com})lete si'paration. Four experiments made in a similar manner gave for tho 
iitomic weight of tin, as determined by electrolysis, tho number 117TC. 

Tli(^ decomposition of chloride of lead in a similar manner, the positive edectrodo 
bi'iiig formed of plumbago, gave for lead tlie number 100*85, tho true atomic weight 
Icing 103*5. An experiment with borate of lead gave 101*20. 

Faraday, in his “Experimental Researches” (ser. vii.), supposes that it is only 
compounds which, according to the atomic weights at that time generally adopted, aro 
(. imposed of 1 at. of each of their components, e.g. wrntcr =8 HO, liydrochloric acid//C/, 
sidplii' to of copper, CuSO*, Sec., that can be decomposed by the electric cuiTont Sub- 
Mqiicjitexperiimuits by Maltcucci and E.Recquorel have shown, however, that this is not 
t!i(‘ c:\s(' ; for trichloride of antimony, and cuprous as well as cupric chloride, also several 
l';!sic nitrates and nitrites of lead, and other salts of various composition, must bo 
ranged among eh>ctj’olytes. E. Eecqucrel finds that when trichloritlo of antimony is 
electrolysed in the same circuit with a voltainet(;r, for each atom of liydrogon evolved 
in the hitter, 1 at. chlorine and J at. antimony ai*e sejiaratcd (or 3 at. hydrogen 
3 at. chlorine and 1 at. antimony). With trichloride of iron, Fo*Cl®, 1 at. chlorine 
uiid at. iron are separated for each atom of hydrogen in the voltameter. Cuprous 
cJilorido, Cu*CP, gives 1 at. chlorine and 1 at. copper for 1 at. hydrogen. 

Iho general result may bo thus stated : — Tltc guantitics of any number of electro- 
lefts decomposed by the same electric current passing through them in succession, are 
such as contain etiiial numbers of atoms of hydntgen, or equivalent quantitks of any 
radicles, positive or negative. Thus the Quantities of tho several electrolytes in 
Ihc fcdlowiug table, wdiich would bo dtscomposAl by tho same current, are such as aro 
cxpres.sed symbolically in tho second column, and Iiy their equivalent weights in tho 


Wat( r . . 

Formula. 

Equivalent 

Wvlght. 

. mo . 

. 18 

Uydrochlovic acid . 

. IPCl* . 

. 73 

Cupric chloride 

. Cu"Ol* . 

. 134*2 

Cuprous chlorldt^ . 

. (cvy ci* . 

. Sn"CP . 

. 197-4 

Stannous chloride . 

. 189 

Antimonious chloride 

.2^(Sb'%T»). 

. 162*3 

Ferric chloride 

. i^Fo*Cl« . 

. 108*3 

Sulphuric acid 

. . 

. 98 

Cupric sulphate . . » 

. Cu'SO* . 

. 169*2 
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When an aqueous solution, or a mixture of different electrolytes, is subjected f 
action of the current, secondary actions intervene, leading to results which t ^ 
sight, appear inconsistent with the law of definite electrolytic action. Thus* wh 
solution of sulphate of sodium is electrolysed, sulphuric acid and free oxycen^ 
eliminated at the positive electrode, soda and hydrogen at the negative; anj. i)a 
has shown that, if a voltameter containing acidulated water is interposed* in the 
circuit, the quantities of oxygen and hydrogen evolved fr6m the saline solniion^"^^ 
equal to those evolved from the water in the voltameter; and at the same 
the saline solution is strong, quantities of sulphuric acid and soda exactly equivalent 
to these quantities of oxygen and hydrogen are separated fiom the salt Here 
then, the same current appears to do twice as much chemical work in the solution of 
Bodic milphate as in the voltameter. This anomaly is, however, only apparent; the 
fact being that, in a solution of a certain strength, only tlie sodic sulphate, Na^SO* is 
directly decomposed by the current, the sodium going to the negative, the oxysulphione 
f SO^) to the positive electrode. Neither of these radicles is, however, eliminated in the 
ffee state : for the sodium decomposes the water near the negative electrode, forming 
soda and eliminating hydrogen ; and the oxysulphione decomposes the water near the 
positive electrode, forming sulphuric acid, and eliminating oxygen ; and as the 

quantities of sodium and oxysulphione directly eliminated by the current are equivalent 
to the hydrogen and oxygen evolved in the voltameter (Na* and SO^ in the one, Jl* 
and 0 in the other), it follows — 1. That the quantities of hydrogen and oxygen 
evolved from the saline solution are equal to those evolved in the voltameter. — 2. That 
equivalent quantities of sulphuric acid and soda are afterwards found at the two 
electrodes. 

If the solution contains a salt of any metal not capable of decomposing water, such 
as sulphate of copper, tlie metal is deposited on the negative electrode, in quantify 
ccjuivolent to the hydrogen evolved in the voltameter, and no hydrogen is separated at 
the negative electrode ; while at the positive electrode sulphuric acid is formed, and 
oxygen evolved as above. In dilute solutions, the water and the salt are decomi)o.sed 
fiimultaueously by the cmreiit, in quantities which are together equivalent to tlie 
quantity of water decomposed in the voltameter. Thus, suppose that a dilute solution 
of sulphate of copper yields 2 grains of hydrogen, while 3 muins of that gas are 
collected in tlie voltameter; then the quantity of copper reduced at the negative 
electrode will be the e(^uivalont of the remaining 1 grain of hydrogen in the voltameter, 
that is to say, 31-6 grams. 

When water acidulated with sulphuric acid is decomposed by the current, the sul- 
phuric acid, H-SO^ is decomposed as well as the water — the SO^ going to the positive 
electrode, where it eliminates oxygen and forms sxilphuric acid : consequently, that 
acid accumulates about the positive electrode. The quantities of hydrogen and oxygeu 
evolved are clearly the same as if the water alone were decomposed. 

In the electrolysis of dilute hydrochloric acid, both the acid and the water are 
decomposed — the chlorine and oxygen evolved at the positive electrode being together 
equivalent to the hydrogen set free at the negative electrode. 

An aqueous solution of peroxide of hydrogen (11*0*) yields, by electrolysis, a quantity 

liydrogen equal te that evolved from water in the same circuit, and consequently a 
double quantity of oxygen. This apparent anomaly may be explained by regarding 
peroxide of hydrogen as a compound of water and oxygen; and supposing that the 
water is resolved by the current into H* and 0, its decomposition necessarily involving 
the elimination of the second atom of oxygen which hud been united with it* 

Id all cases of mixtures of two or more electrolytes, the sum of the quantities decom- 
posed is the equivalent of the quantity of any one of them that would be deconaposed 
by the same current acting for the same time — or, which comes to the same thing, of 
the quantity of water simultaneously docompsed in a voltameter. The proportion of 
each compound decomposed depends upon the nature of the electrolytes, and the pro- 
prtions ui which they are mixed. In concentrated aqueous solutions of the chlorides, 
bromides, and iodides of hydrogen and the metals, it is only these compounds that 
are direcUy decomposed by the current ; but in dilute solutions, the water is decomposed 
at the same time. 

Relations hetmen the Quantity and Intensity of the Current and its Decomposing Potocr* 

The chemical action which takes place in the cells of the battery is like^^ equieor 
lent to that which is produced in the decomposing cells, provided there is no local 
action (p. 418) on the surface of the positive metal. If a battery could be so <»n- 
atructed that there should be no local action, this relation would be strictly true; that 
is to say, in a battery composed of amalgamated zinc, dilute sulphuric acid, ana 
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the volume of hydrogen evolved from the surface of each 


P to that evolved in a voltameter placed in the same circuit, and the 

of zinc dissolved in each cell would be the exact equivalent of this, viz. 32*5 
of zinc dissolved in each batteiy-coll for every 1 pt. of liydrogen evolved in tlio 
•oltanifter. As, however, it is impossible to prevent local action altogether, the 
ouantity of zinc issolved in each cell is always somewhat greater than this proportion 
would indicate ; thus Jacobi found that in a Daniell’s battery with amalgamated zino 
plates, 33*6 pts. of zinc were dissolved in each ceil for every 9 pts. of water decomposed 

in the voltameter. 

Hence it follows that, with a given intensity of chemical action in the battery-cells, 
and a given conducting power throughout the circuit, the amount of electrical or 
chemical power developed by tlie battery, as measured by the voltameter, is propor- 
tional to the surface of each plate exposed to the action of the liquid, in other words, to 
1 lie area of the transverse section of that liquid, supposing the action in all the cells to 
1)0 uniform. If, however, the chemical action in any one of the cells should be weaker 
tlian in the rest, then that cell presents, to a certain extent, an obstacle to tlie pass- 
jijTO of the electricity developed by the rest, and the whole force of the battery is 
lowered; or, again, if the conducting power of tlie circuit is lessened by the interoosi- 
tion of a long wire, or of another decomposing cell, or of an electrolyte more difficult 
of decomposition, the quantity of electricity which can pass through the circuit in a 
«:iven time, and therefore also the amount of chemical work which the batteiy is ca- 
jcihle of performing in that time, is also lessened, and cannot be increased by augment- 
iiic the size of the plates, without, at the same time, increasing their number, which, us 
alrt jidy explained, determines the intensity of the current, that is to say, its power of 
overcoming resistance. ^ If, however, by increasing the number of pairs, or otherwise, 
tlie tension has been raised to such a degree that all the electricity evolved from the 
sonri'n in a given time is able to enter the liquid — so that the galvanometer shows th© 
same deflection whether the circuit be closed by a metallic conductor or by a liquid—- 
afiirfliep rise of intensity does not accelerate the decomposition. 

The following experiments were made by Matteucci to determine the proportion in 
vlnV‘h the (lecomix)8ition of different liquids, and therefore also the quantity of the 
oiiiTeiit, increases with the number of pairs. 

In A, a pile was constructed of zinc and copper with solution of sal-ammoniac ; in 
vlfli water containing nitro-sulphuric acid ; and in C with spring- water ; in D a battery 
of /.inc and platinum in dilute sulphuric acid was employed. The liquid in the de- 
composing cell was water «= Aq., or a solution of 1, 4, 8, or 10 pts. of sal-ammoniac 
in 100 Jits of water = Sm 1, Sm 4, Sm 8, Sm 10 ; or saturated solution of sal-ammo- 
niac Srn s ; or dilute sulphuric acid = Sf ; or a solution of 1 pt. of sulphate of 
zinc (zinc-vitriol) in 100 pts. of water = ZV ; or solution of iodide of potassium =IK. 
T/i denotes the number of pairs employed. The degrees under A, B, C give the do- 
flt'ction of the galvanometer ; the numbers under 1) denote the relative quantity of 
hydrogen gas evolved from the solution of iodide of potassium. 


A. I B. 


PZ. 

Aq. 

Sml. 

Sm 4. 

SmlO. 

Sf. 

Aq. 

Sml. 

Sm 8. Sm s. 


f 

5^ 

8° 

9® 

lOO 

1° 

70 

150 

1 

i 

12 

17 

21 

27 

2 

14 

34 60 

2 

1 

15 

19 

26 

27 

3 

22 

40 

3 

3 

16 

22 

27 

27 

6 

25 

60 

4 

3 

18 

27 

27 

27 

6 

33 

74 




C. 



1 


D. 



PZ. 

Aq. 

Sm s. 

ZV. 

j 

PZ. 

IK. 



10 


14° 

20 


1 

1 



20 

1* 

17 

3 


2 

8 



so 

2 

18 

7 


3 

17*5 



40 

2 

15 

8 


4 

65 



50 

3 

12 

7 






60 

3 

11 

7 





iisM ' experiments of Jacobi and Walker, Danicirs constant hattciy was 

The quantity of detonating gas developed in the decomposing cell in a given 
according as a greater or lesser number of plates were connected together, was 
« ■ i*' measures. In Jacobi’s experiments, and in those of Walker, given under 

i® <^*^*npo8ing cell contained water acidulated with sulphuric acid: in c it 
toutamed distilled water. 
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Jaoobl I Walker. 


PZ. 


PZ. 


PZ. 

a. 

h. 

0. 

2 

1 

8 

H 

20 

1 

- 1 


3 

12 

9 

59 

40 

1-2 

- 1*06 

- 1 

4 

22 

10 

67 

60 

1-3 

•- 106 

- 1*57 

5 

33 

11 

68 

80 

1-4 

- M2 

- 2*13 

6 

42 

12 

76 

100 

1*6 

~ M2 

- 3*47 

7 

49 

13 

80 

120 

1*66 

- M2 

- 3-88 





140 

1*5 

- M6 

- 6*60 





160 

1*5 

- M9 

- 8-25 


The more readily the atoms of a liquid are transposed—whether from its poculiar 
nature or from the thinness of the dim of liquid between the electrodes, — the Bmalli'r 
is the tension wliich the electric current requires in order to penetrate it, tlio greater 
tlio quantity of electricity which flows into the liquid^ from a given source, and the 
greater the quantity of liquid decomposed in a given time. 

Aqueous solution of iodide of potassium may be decomposed by a current of the 
smallest tension ; next in order of facility come fused chloride of silver, fused pmfo- 
chloride of tin, fused cliloride of lead, fused iodide of load, water containing hydro, 
chloric acid, water containing sulphuric acid. That the chloride of load is more easily 
decomposed than the iodide, perhaps arises from the platinum electrode having a 
greater affinity for chlorine than for io<^ne. (Faraday, see page 417.) 

Thermo-electric currents, weak both in quantity and intensity, decompose nitrate of 
silver, when the electrodes consist of platinum, but not salts of copper, lead, tin. or 
zinc; in these also electrodes of gold or silver produce no effect. But when tho cloc. 
trodes consist of the same metal as that in the solution, decomposition is easily 
effected, e.g. nitrate of silver with silver electrodes, sulphate of copper with copper, 
stannous cliloride with tin, acetate of lead with leaden electrodes. Platinum 
produce no effect in solutions of platinum. A thermo-electric current is best eondneted 
into a solution of common salt by means of wires of zinc, tin, lead, or iron — less readily 
by copper, with difficulty by silver, and not at all by platinum. 

The current of the electrical machine, which is of very high intensity, is capable of 
passing through any electrolyto whatever; but the amount of decomposition which if. 
produces is extremely small compared with that of the smallest voltaic apparatus (see 
p. 397) : hence we may conclude that the quantity of electricity developed by the <']••(:- 
trical machine, or any other friction apparatus, is very small as compared with that 
developed by ehomic^ action. 

Magnetic Action op the Electric Current — Electro -Mag net ism, 

A magnetic needle, balanced on its centre and placed in the neighhourhood of a 
wire, or other conductor, along which a current of electricity is passing, tends to place 
it.solf at right angles to the lino of the current. This effect, which wo have already 
had frequent occasion to notice, is produced by the electric current, from whatever 
source it may be derived ; but it depends on the quantity of electrudty in the current, 
not on its intensity, and is tlierefore exhibited by voltaic, and oven by thermo-eleetnc 
currents, in a mncli higher d(*gree than by those resulting from friction electricity 
(p. 399). Very small wires of zinc and copper excited by dilute acid will produce a 
stronger deflection of the magnet tlian the most powerful electrical macliine. The <le- 
flection of the magnet is exclnsiA'ely an effect of electricity in the state of motion or 
discharge ; the highest charges, either of the voltaic battery or of tho electrical rnachino 
in the state of tension, have no effect whatever on the magnet. 

The direction assumed by a magnetic needle nndi^r the influence of the current nwy 
be determined by either of tlie following empirical rules: — 

1. Let the. observer fancy himself extendrd in the direction of the current^ bohmg 
towards th^, needle^ and with the current of positive electricity jiowiny from his head to 
14 s fed : then tlw north pole of tlw needle will move towards his right hand, 

2. The north pole of the needle tends to re tmlve. round the conducting wire in iht 
direction of the. hands of a watch, the face of which is turned towards that end of tM 
wire from which ihepositm dectrmty proceeds. 

Either of those niles will determine the direction taken by tho needle in any case 
whatever ; the second is perhaps tho more convenient of the two. As a parties 
example, we may mention, that if the conducting wire is horizontal, and in the direwon 
of the magnetic meridian, the current of + K running from north to south, the ne^ 
turns its north ^xilc to the west if placed above the wire, and to tho^.e«wttf 
below. 
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When tho magnet is freely suspended by its centre, it tends to place itself at right 
!] s to the current, its actual position of equilibrium being intermediate between this 
the direction imparted to it by the earth’s ma^etism ; c. if placed above a hori- 
, I i^onducting wire in the magnetic meridian, with the current running from south to 
^ th tho north pole points in a direction between north and east^ inclining to the one 
other, accordii^ as the earth’s magnetism or the current acts.moro strongly 

As tlio direction of the needle under the influence of tho current is reversed, either 
1 , • rovrsing the direction of tho current itself, or by moving the needle to the opposite 
Jle of the wire — e. g. below if it was previously above — it follows that, if the con- 
ducting wire be bent back upon itself, and the needle placed between the two arms, as 
in aV/. 4-8,* the two portions of the current above and below the needle will tend to 
cive it the* same direction, so that the force with which the current acts upon it will 
bo doubled ; it is even more than doubled, because tho vertical parts of the wire like- 
wise tend to turn the noodle in the same direction, as may be easily seen by the rules 


Tig. 428. 



Tig. 429. 



ftborn given (p. 112). Hence also, if the needle is placed in the centre of a circular or 
of ii square eondu(!tor (^^. 428) round which the current is passing, it will be moved in 
one direction by the joint action of all parts of this conductor. Further, if the wire 
coiled several times upon itself always in tho same direction, and a current sent 
tlir.Migh it from end to end, a needle placed in the centre of the coil, as in fig, 429, will 
I'l; <l«Hcctcd in one direction l)y the joint action of all parts of the coil. 

An instrument thus constructed is called a galoanonuUr or mnUiplicr ; it scn’cs to 
indicate tlje^ existence of very feeble currents, and by the magnitude of t he anglo 
tlirruigh which the needle is deflected by different curn'nts, an npproximatc indi- 
cation of their relative strengtli may be obtained. The angle of deflection is not, 
linucvcr, exactly proportionate to the strength of the cuiTcnt, so that the iiisti’ument 
ennstructed as above is not properly speaking a galvanometer, but only a galvmiosicope ; 
tlio lorincr term is, however, in common use. Galvanometers constructed for exact 
nn-asiircnn'iit will be described hereafter. 

1 lie dt'licacy of the instrument is greatly increased by making use of an astatic 
-that is to say, of a magnetic needle so mounted that the action of tho earth’s 
niiifrm tisni upon it is neutralised. This is effected by joining two magnetic needles of 
<'qu:d powers, parallel to each other, but with tlieir poles in contrary directions, by a 
j'mail jiioee of straw or copper wire pa^Jsing through their centres of gravity. One of 
needles is pdaced within the coil, and the other above, in which position it is 
to see that, they will both be deflected by the current in the same direction : if 
I'ur similar polos pointed the same w'ay, the upper part of the coil would turn them 
in fq.jiositc directions, inasmuch as one of them is above and the other lielow it. 
iV ith a given length of coil, the instrument is more delicate in proportion as 
u' niagnetic ])ower of the two needles is more nearly equal; if exactly equal, they, 
y place themselves at right angles to the coil under the influence of the feeblest 
; Imt it is generally desirable to leave a certain difference between them, in 
Ji^ount of deflection may give some idea of tho comparative strength of 

represents a galvanometer fitted up with an astatic needle, moving over a 
L needle is suspended by a thread of unspun silk, and the whole is 

^ered with a glass case to protect the needle from the agitation of the air. The 

exi)rp!«» ^*****® flffurr indicate the direction of the current of + nud In all th;4t follow!, the 

I s on direction of the current ” is to be understood as a(»plying to the positive current. 
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wire is coiled round a wooden frame, and is covered with silk to insulate the several 
turns of the coil, so that the current may not pass from one to the other, instcHil of 

going tliroiigh the entire length of the wire 
The length and thickness of the galvano- 
meter wire vary according to the kind of cur- 
rent which the instrument is intended to in. 
dicate. For voltaic currents, a wire about i 
millimetre in diameter, and making al)out 800 
turns round the frame, is generally well adapted. 
Thermo-electric currents, which are of very low 
intensity, require a much thicker and shorter 
wire, e.g, j millimetre in diameter, and coiled 
thirty times round the frame. On the other 
haml, currents small in quantity, but of hi^h 
intensity, are best indicated by a coil of veiy 
fine wire, making from 1,000 to 2,000 turns. 

The insulation of the several turns of the 
coil, one from the other, is of very great im- 
portance, especially for currents of high inten- 
sity, such as those from tlie electrical machine 
(p. 390). M. Colladon of Geneva, who first 
obsen-ed the deflection of the needle by the 
machine current, used a galvanometer of 500 
to 1,000 turns, having a wire, twice covered with 
silk, and each series of tunis separated from 
that below it by a sheet of oiled silk. 

The direction of the current which deflects 
the galvanometer needle in a particular wuy 
is easily determined by the rules given on p. 442, when the direction in which tho 
wire is coiled round the frame is known. For this purpose it is necessary to dis- 
, . . ■. i M v.i Suppose the wire to 




the contrary, they proceed in front from above downwards, as in jig, 432, it is right- 

handed. . *4, 

A magnetic needle placed with its centre in tho axis of such a coil, turns its non 11 
or south pole towanls that end of the coil at which the current enters, according as 
the coil is left or right-handed, ^ 4 . a in 

The direction given to tho noodle is the same, whether tho coil is elongated, us m 
figs. 431, 432, or compressed, as in the galvanometer. As, however, in the galvanometer 
when complete, it is not easy to see whether the coil is right or left-handed, it is ^ 
to determine by experiment, once for all, the direction taken by the needle when im 
current enters at one particular end of the coih 


Action of the Magnet on the Etectrie Current 

The action between the current and the magnet is mutual, so that if 
conveying the. current is free to move, it is deflected in the direction op^site . 
which the magnet tukes under its influence: in short, if the magnet 
wire are both free to move, they place themselves at right angles to MCh 
magnet moving in the manner pointed out at p. 442, the conductor in tho coniw j 

direction. , , , « AmrdiM's 

The action of tho magnet on the current may bo shown by means of 
apparatus \ jg, 433). On holding a bar-magnet below the 
parallel to its lower horizontal arm, the wire turns round and places iteelf ai 
angles to the magnet, the position of equilibrium being determined by rules gi 
on p. 442. 
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Fig, 433 . Fig, 434 . 




A simpler apparatus for tlie eamo purpose is WifU floating battery [flg. 434) contriTed 
by G. D« la Kive. It consists of a pair of zinc and copper plates attaclicd to a cork, 
ai>J (vinnected togetliep l»y a coil of covered wire placed above the cork; the whole is 
flo:it(?cl on water slightly acidulated, whereby a current is made to pass round tlie 
roil. On the approach of a magnet, tlie coil takes up a position indicated by the law 
just cited. 

The action of tlio floating battery thus constructed is rather weak, and consequently 
A coil of considerable length is required to make it sensitive. A better construction is 
that shown in jigs. 435, 43G, in which the extremities of the coil arc connected with 

Fig. 435. Fig, 436. 



fl small Daniell’s cell contained in a wide glass tube attached to the cork float. With 
tin's arraiigiimcnt, stronger acid may be used and a more energetic enrrent obtained, so 
that a thinner coil, or even a single circular or rectangular wire, is sufficient to exhibit 
strong deflection under the influence of a magnet. 

A movable electric current is deflected by tlie earth’s magnetism as well as by an 
ordinary magnet This may be shown either wdth Ampere’s apparatus or with the 
floating battery, the wire of either of which, when loft to itself, takes iip a position at 
right angles to the magnetic meridian. If it be remembered that the north magnetic 
pole of the earth is analogous to the south 
I«le of an ordinary magnet, it will be seen ^^9' 437. 

that, in the position of stable equilibrium, 
the direction of the current is from east to 
west in the lower liorizontal branch, and 
from l}elow upwards on the western ver- 
tical side. 

. action of the earth on the current 
IB much less energetic than that of a bar- 
^aguet held near the wire ; nevertheless it 
™ay sometimes interfere with the results 
oj this latter action. This source of com- 
plication may be obviated by giving t-o the 
Dioyable wire the form of a double rectangle, fig. 437, so arranged that the earth’s 
action on the qne half shall be neutralised by that on the other. Such an arrangement 
** an astatic condttcior. 




1 
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Mutual Action of El^ctutc CuniniNTS. 


FUectric currents moving in parnlkl tin 
direction^ and repel one another if thig m 
This IttW may be demonstrated by bri] 

Fig, 438. 



attract one another if thy move in the earn 
? in opposite directions, 

^ ng a conducting wire connecting the poles 
of a ratlicr powerful voltaic battery near 
the wire of the floating battery, as shown in 
fiij. 438, or the wire of Ampiro’s apparatus 
433, 437). 

‘The mutual attraction and repulsion of 
currents is not, however, confined to the casti 
of parallelisih ; for if two currents, a«, ure 
moving in directions inclined to each other 
in the same piano, A may be resolved into 
two component currents, one perpendicular 
and the other parallel to n ; the former pro* 
duces no effect, because it is equally indinod 
to i» both ways, and the latter attracts or re- 
pels B, according as it is moving in the sania 
or the opposite direction. If the currents 
arc in different pianos, two such resolutions 
will show how much of the force of one 
may bo oonsiderod as acting parallel to tlio 
other. The general result is, that tm> hi- 
dined curremU attract each othr if thfi^ 
both tend Unoards or both from the sumiidt 
of the anejlc formed between them., and rtpd 
one another if one is approaching that sum- 
mit and the other receding from it. Tlio 
different cases of this action are sho^vm in 
fig, If a horizontal conducting wire bo 



Fig- 439. 



\ \ 



held OTCT the horizontal branch of the wire of a floating battery (fy. 440^ and um^ 
to it at any angle whatever, then if the two currents both approach the summit ra 
that angle on one side and recede from it on the other, the floating battery ^ t^ 
round, fill the upper horinontal branch of its wire has placed itself po^uu to tn. 
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rtJiw Mire, wd «s near to it as possible, the two currents moying in the snine direc. 
,i„„, (his bomg thoir position of stable equilibrium. ^ on the otlier hand, the oriiri^ 
psiuonof the wirrents is such, th^at one aproaches the summit of their angto of 
i,i,.,^retiou and the other recedes from it, the wire of the floating battery is Kt 
„.pi.lle<I and turns wnn<b making a laiger and larger angle with the fixed wire 
lill it ultinmtcly settles itself in the position of equilibrium shown in the 

"suppose now the wro of the floating batteiy to have the form of a helix, as in /fo 44 1 
and tliut another helix also convoying an electric 
f-irn lit is lif'ltl over it. The floating helix will place 
piiviillol to tlie other, and in such a position that 
tli,> currents in the nearest parts of the two run in tho 
billin', din'ction ; and a little consideration will show 
th it if file helices are both right or both left-handed 
(p. 41i), their similar ends, i. e, those by which tho 
fiirreiit enters or loaves the helix, will he placed in 
cnntniry positions, the positive end of one over tho 
>;.i':iTivi! oiifl of (he other. Moreover, if the positive 

mi (.f (lie one (that by wliicli the current makes its cxitl be presented tn tl,« 
uveond of the other, attraction takes place: vrhereas t4 tw^S^o^tt nZ- 
l.vo r.'itrdmtu's or poles repel each other. In short, tho two I,,.];,..,. . *’'* 

iii’.llier fust liko two bar-magnets; and indeed if a m-iennt l 
,:. ;l heilMho floating helix^vill ’be attS la Sd by if “ 
iNelf parallel (o it, .pist as it bolnaves to the other helix Vorcovei if the 
laiix l,e h it to itself, it will tako up a position in wiiich nt re„s tm 

west, and the ax.s of tho helix therefore points north and south, IZlikH 

This striking resemblance between the mntual action of electric currents and that 
el masiH ls ha.s led to the idea, suggested and developed bv ytmni™ tw ana tflat 
is .Kfially proilueed by electric currents, cire iS renn.ni.o i 

Mill riiiTents actually exist is more than we 



are at jirescnt prepared to say. No direct 
pro" of their existence has yet been given; 
I'll I he t heory uftbrds a simple and per- 
tr ly satisfactory explanation of all eases 
e he action of magnets on each other, 

1 I cf the mutual action between the mag- 
mt nnil the electric current. The fundt 
a‘nnl‘'r'/^i' “‘™'"'“Snetism, viz. that 

io’tl.f. a ““ ‘'leetric current, is, according 
Iml.n a consequence of the 

sc 1?.^ « p'petne currents to place them- 
,i.ir.illel to one another (sec Jio. 442). 

rfiuiurtll^'^™- currents circulating 

(rifed he “• ""agnct is well ilius- 

sent • foUowuig experiment:— Pre- 

a fli'r y'"',''^®t to a floating batteiy, with 

TheeoiZliZ'‘““’"*^’’ “ib 

on to j'®***?®*®? by the magnet and 
iniddle itself exactly in the 

’“ys. attracted both 

•lie niaenet. ’^tlidraw 

Thecoif”;^ »ad insert it the contrary way. 

relfn the hi, 

cqailibriil . w .? * ’•nstable 

So «» .little nearer to 


Fiff. 442. 



free end ftf to 

**»i‘ion in the midSe ^ 
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There are, however, certain phenomena into which we cannot here enter, relatiuc 
the mutual action of magnets and electric currents, which render it necewai^ to 
that the currents which give rise to the polarity of magnets are molecular, that isT 
say, that they circulate round each individu^ particle of the magnet. These current 
may be supposed to pre-exist in all magnetic bodies, even before the development of 
magnetic polarity, but disposed without regularity, so that they neutralise on 
another. Magnetisation is the process by which these molecular currents are made to 
move in one direction, so that those situated at tho surface of the magnet yield as 
their resultant a finite current circulating round the magnet, while the currents in the 
interior are neutnilisod by those in the next external layer, the contiguous portions of 
which move in the direction opposite to their own. Fig, 444 is a section of a cylin- 
drical magnet showing the external layer of molecular currents, the observer looking 

Fig, 443. Fig. 444. 



towarils tlio north polo; and jfy. 443 shows the finite supcpficial currents produced by 
their joint action. 


Magnetisation hy the Electric Current, 

A l>ar of ii'on, steel, or other magnetic body placed at right angles to an eloctrif^ 
curriuit, becomes niagnotis<;d, its poles being situated in tho same direction as those of 
a magnetic needle subjected to tho infiiionee of tho same cuprent and in tlic same 
relative position, this direction being such that tho currents which, in Ampko*a 
theory, aro supposed to circulate round the magnet, coincide in direction with the 
acting current on that side of the bar which is nearest to it. 

Soft iron is easily mugiiotised by tho electric current, but returns to its ordinary 
unmagnetisod state as soon as tho current ceases to act upon it ; it therefore requiiM‘s 
the action of a continuous current, like that of the voltaic batttwy. Steel, cast ii*on, 
and nickel, on the other hand, aro more difficult to magnetise, but retain their magnetic 
power when removed from the influence of the current; the resistance which these 
bodies offer to any force tending to polarise them, is best overcome by electricity of 
high tension ; — indeed hard steel never acquires its full magnetic polarity under tho 
influence of currents of low tension, but only when subjected to the sudden discharge 
of a Leyden jar or battery (p. 398). 

Magnetisation of Soft Iron A abort bar of soft iron placed at right angles to a 

wire joining the poles of a voltaic battery becomes magnetic ; and on bringing the 
same wire iu contact with a mass of iron filings, a number of thorn will adhere to it as 
long as the circuit is complete, falling off as soon as it is broken. This attraction 
according to Ampere’s theory, is merely a case of mutual attraction between electric 
currents running in the same direction. ^ .. 

In longer bars of soft iron, tho magnetic influence of a straight current is scarcely, n 
at all, perceptible ; but by causing the current to act simultaneously all along the bar, 
which may be effected by coiling tho wre round it iu the form of a helix, very strong 
magnetic polarity may be developed, even by tho current of a small voltaic couple. 
Tho wire, if covered with silk, may be coiled directly round the bar; if uncovere^it 
must be coiled round a paper or wooden tube within which the bar is inserted ; but 
covered wires are conenuly used, because the turns of the <k)il may then be kept v^ 
close together, and the wire may be coiled round the bar in several 
direction of the polarity depends of course on the kind of helix used. 
handed helix (p. 444), the north pole of the bar is at that end of the coil at wlu£» ^ 
current enters. 
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X bar o{ soft iron bent in the form of a horse-shoe, and haring a long coil of wire 
rouiul it, becomes a very powerful magnet, when its poles are joined by a keeper of 
goft iron auJ a current is sent thro^h the coil ; such an electro-magnet will support a 
Ti TS great weight. If the soft iron is of good quality, and has been several times 
teiiipered by slow cooling, the development of the magnetism follows instantaneously 
oi; the closing of the circuit ; by far the greater part of the magnetism disappears also 
ou breaking the circuit, hut a small amount is retained for a time, depending on the 
l^nirth of the bar— long bars, and more especially horse-shoes, retaining a portion of 
fh(‘ir magnetism for a longer time than short ones. In liorse-shoes the rotention of 
the ]K)larity is greatly promoted by joining the poles WMtli a soft iron keeper. A 
liorse-slioe electro-magnet, which supported a weiglit of 120 lbs. while under the in- 
llueiice of the current, was found to carry 50 lbs. when the circuit was interrupted, 
iMul retained this pow^r for a long time, wdiile the keeper rcm.'iined in position ; but 
on foivihly separating the keeper, the whole of tho magnetism was destroyed. Tho 
rails.' of lliis effect Is that the keeper, by contaet with the poles of tho magnet, becomes 
itself a iiiagiiet, eaiii of its extremities becoming a pole of opposite name to tliat of tho 
luagnet willi wliieh it is in contact; and the.se poles intensify tho polarity of the 
mauiict, just a.s a body electrified by induction intensifies tlie electric polarity of the 
iii-liidiig body (p. 386), the whole forming a kind of closed magnetic circuit, tho 
(lih-ivnt parts of wliich tend to keep one another in equilibrium ; on removing the 
this equilibrium is destroyed, and tho bar of iron returns to its ordinary 

Mn<nv fifi(itlon of Sterl. — Steel bars or wires are permanently magnetised when 
I ! i i'.l within a helix through which a voltaic cuirent or an electric discharge is passed, 
ibrllio latter mode of operation, the helix must be coiled round a glass tube and the 
l.;ir placed within the tube (p. 398); for the former, either this method may be 
a l.ij.ted, or helices of covered wire without tho glass tube may be used. With a simple 
1,1 l;.v. that is, one in wiiicli all the turns of the coil go the same w'ay, the resulting 
jiiagiict will have only two ixiles, like an ordinary bar-magnet, tho north being turned 
tA^^a^d.s the positive or negative end of the lielix, according as tho latter is right or 
1 'jt-lianded; but if one half of the helix is right and tlio other left-handed, a kind of 
(i aihlc magnet will be formed, having two similar poles at eacli end, and a con- 
trary pole in the middle; and with a triple helix, e.(f. consisting of a right-handed 
pM’fion placed hetw’ccn two left-handed portions, a mignet will be forinod with four 
consi ciitive poles, arranged Mnis, N, S, N, S ; and similarly for any number of alter- 

iiati.'ins. 

IJy the diseliiirge. of a large Leyden jar or battery, steel wires may be magnetised 
when simply laid at right angles to a straight conducting wire, either in contact with 
it, or at the distance of several inches. Tlie intensity^ of the magnetism thus developed 
iiicrcnscs with tho intensity of (he discharge, other things being equal; but when 
ii' idhs of hard steel are placed at different distances from the conducting wire, tho 
intensity, and even the direction, of the magnetic polarity induced by the same electric 
(lisclnjrgo, arc found to vary in a very remarkable manner, aocordiiig to the distance. 

I rnm the experiments of 8a vary (Ann. Ch. Phys. [2] xxxiv. 6), and Abria 
I jli. 385), it appears that the intensity of the magnetism produced hy the electric 
dischiirgo does not diminish constantly ns the di.stance becomes greater, but increases 
with the dLstance beyond a certain point, where it is at a minimum ; and that, on the 
^anio ride of tho conducting wire, and with iIhji same direction of the discharge, the 
Fitiiation of the magnetic poles with regard to tho wire changes more than once at dif* 
mn nt distances. In contact with the conducting w'ire, or at veiy short distances from 

the poles are disposed according to tho general law (pp. 442, 444). The table on 
p. 'b)0 contains the results obtained by Savary with a platinum wire 2 metres long and 
4 millimetre in diameter, bard-tempered steel needles 15 mm. long and ^ mm. in 
uiamt'ter, and an electrical battery having a coated surface of 22 square feet. The 
prrciigtli of tho magnetism acqtiirea by the needles w'as estimated by the time in which 
lay performed a given number of oscillations under the influence of terrestrial mag- 
iieti.sni. To avoid any errors that might ari.se from the mutual action of the steel 
rcedlcB, they wore not placed vertically one over the other, hut over different parts of 
mo conducting wire. The polarity of a needle is called positive when its direction 
coincides with the general law, negative in the contrary case. 

It appears from the table that, for the positively magnetised needles, there was a maxi- 
mum of intensity at contact, and another at the height of 30 mm. above the wire, tho 
s^ond maximum being somewhat greater than the first. For the negatively magne- 
there was a maximum at 6 mm. The minima of intensity corresponded 
l a tlio changes of sign. In another experiment, in wdiicli the conducting wire was 
In 4 in length, four changes of direction in the polarity were observed, and tha 

St maximum was at tha height of 40 mm. instead of 30. 

VoL. u. ® - 0 
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No. of Needle. 

Dietaace flrom the Wire 
in Millinietres. 

Time of 60 O&cillationi. 


1 

0-0 

62"-4 

Positive 

2 

1*2 

1' 3"-8 


3 

2-6 

1' 12"-8 

Negative 

4 

3*7 

44"*6 


6 

6*0 

40"0 


6 

60 

41"-8 


7 

7*4 

44’'-8 


8 

8*6 

5S"2 


9 

97 

V 20" l 


10 

10-9 

1' 62" 0 

Positive 

11 

11-8 

1' 18"*6 


12 

12-6 

1' I'^-O 


13 

13*8 

49"-6 


14 

lG-3 

38''-2 


16 

187 

33"-8 


16 

210 

31"-3 


17 

23-8 

29'^-5 


18 

28-6 

30''-8 


19 

340 

29"-8 


20 

46*0 

3r/'-9 


21 

700 

65"-6 


22 

! 1000 

V 27"-6 


23 

130-0 

1' 48"*0 

1 


The diameter of tlie conducting wire likewise affects the distances at whicli the 
changes of sign in tlie magnetic polarity take place ; with a very fine wire, ^ nmi. in 
diameter, no such changes of sign were observed, and tlie maximum of intensity was 
at the distance of 11 mm., that is to say, five times less than with a wire of three 
times the diameter. 

The intensity of the magnetisation is, cateru parihus, greater as the lenj^h of the 
wire is less in proportion to its diameter. This increase, however, has a limit: a win) 
1 metre long, for example, gives the highest maximum of magnetisation when its 
diameter is J min. ; at the distance at which this maximum effect is produced, the 
needle is magnetised to saturation; with greater lengths of wire the intensity 
is less. The relative maxima aie nearer to the wire in proportion as the wire is 
longer. 

The influence exerted by the length and diameter of the conducting wire, appeare to 
depend upon the amount of retardation which it produces on the discharge : for in a 
circuit formed of throe wires of unequal diameters, joined end to end, the magnetising 
effect of the discharge is the same, in whatever part of the circuit the needle is 
placed, the velocity of the discharge being, of course, the same in every part of the 
circuit. 

The dimensions and hardness of the needles have likewise a very decided influence 
on the results : needles of unhardened steel exhibit no change of sign, whereas those 
of hard-tempered steel exhibit at least three such changes. If the diameter of the 
n^dle is somewhat considerable, the strongest magnetisation takes place in contact 
with the conducting wire, and the intensity continually diminishes with increase of 
distance. A hardened needle of considerable thickness is magnetised by the discharge 
like an unhardened needle of smaller diameter, a fact which may be explained by ob- 
serving that the hardening affects only the surface, and that, in a thick needle, the 
surface bears a smaller proportion to the mass than in a thin one. ^ , 

With helices, also, several changes of sign were obtained in the polarity of haid- 
tempered steel needles placed at different distances ; but when the total length of the 
wire was increased without changing that of the coiled portion, the change of W* 
became less frequent, till finally the polarity was no longer reveraed at different diB* 
tances, but onl^ became less intense as the distance increased. The length of a 
needle placed within the helix has no influence on the direction of its polarity, but only 
on the intensity. 

Kon-conducting bodies, such as dry paper, wood, or glass, iuterposed between toe 
steel bars and the conducting wire, have no influence, either on the direction or on the 
intensity of the magnetism produced,, but conducting bodies modify the efl^ • 
consider ible extent; thus, if two similar needles are placed within a helu4 W 
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Kjypred, the other enclosed in a thick copper cylinder kept out of contact with the 
helix, a discharge which magnetises the former strongly, produces no effect on the 
latter. By gradually diminishing the thickness of the metallic envelope, the needle 
is more and more magnetised by a discharge of given strength. In some cases, the 
envelope changes the direction of the polaritv induced. It is only by continuous 
envelopes that these effects are produced ; motaliic powdera, which conduct but slowly, 
have no effect. 

The.se effects, and others produced by the interposition of metallic discs, are due 
to momentary electric currents, excited in the conducting disc or envelope by the 
discharge. The remarkable variations of intensity and inversion of the |X)larity at 
(lifleront di.stances from the wire, are probably due to a similar cause, namely, the 
i)olari.<?iitiou of the molecules of the intervening medium. 

t^iivary has also shown that similar results may be obtained with the continuous 
voltaic current, and that the magnetising effects of the current approach more nearly 
to those of the sudden discharge, in proportion as the current lias a higher intensity, 
and the battery is charged with a liquid of loss conducting p>wer. Altogether, the 
et>Vct.s are less distinct wit h the current than with the sudden discharge, especially with 
r<';rMrd to tlie change of direction of the polarity at different distances from the con- 
du. ring wire. Steel needles are not sti*ongly magnetised by the current unless they 
art' placed within a helix. 


Electbo-uynamic Induction. — Maoneto-elbcthicitt. 

An (d^’otric current produces no perceptible disturbance in the electric state of a neigh- 
I.v>iipiiig couductor, so long as it remains of constant strength, and the relative positions 

of fInTwo remain unaltered ; but if the current undergoes any variation of strength 

t sp.'eially, therefore, at the moments of its commencement and cessation, — or if it be 
made to approach or recode from the other conductor, it then produces an electrical 
disturhjinee in that body, and if the latter forms a closed circuit, developes in it a 
rmrent of (dectrieity. This mode of action, discovered by Faraday in 1832, is called 
K 1 e (• t r 0 - d y n a m i c Induction. Its effects may bo studied by means of the appa- 
ratus, represeiitt'd in Jig. 445. 

Two copiter wiro.s covered with silk are coiled round a hollow wooden cylinder, so 
as to form two perfectly similar but sepa- 
rate helices, the turns of which are pa- Fig. 445. 

ralN'l, and as close to each* other as pos- 
sible. The ends of one of these helices 
A, are connected with a galvanic battery ; 
fliof^e of the other, B, with a galvano- 
iiKrler. At the moment of completing the 
battery circuit, the galvanometer needle 
moves, its motion indicating a current in 
tile wire B, in the direction oppo.site to 
that of the battery current in A. This 
imluced current, however, is only ino- 
nientary, the needle immediately returning 
to its ordinary position of equilibrium, 
and remaining there as Jong us the bat- 
tery circuit remains closed ; but on break- 
ing the circuit, the needle again moves, 
pid in the direction opposite to that of 
Its first movement, indicating, therefore, 
a current in the wire B, in the same di- 
rection as that in A; tills last also is 
only momentary. 

Any variation in the strength of the battery current produces effects similar in 
kind, though less in degree, to those resulting from its commencement or cessation : 
for an increase in the strength of a current is equivalent to the jiroduction of a fresh 
cu^ent; and a decrease, to the cessation of a current of less strength. 

If only a single helix is wound round the hollow wooden cylinder in the last figure, 
ifs ends eonuected with a galvanometer, and another helix through which a current is 
passing is quickly thrust into the tube : a momentary current is also induced in the 
unt helix in a direction opposite to that in the second ; so long as the latter remains 
Within the tube, no current passes through the galvanometer, but on quickly with- 
^wing the inner helix, a momentary current passes through the galvanometer, in the 
Qirection opposite to the former, that is to say, in the same direction as that in the 
WOT able helix. This experiment is, indeed, only another form of the first; in both 

00 2 
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eases an electric current is suddenly brought into the neighbourhood of a con 
ducting wire forming a closed circuit, and as suddenly withdrawn ; but the makin * 
and breaking contact with the battery in the first experiment, admits of a much 
quicker introduction and removal of the current, than the mechanical movement of 
the helix in the second : hence the induced currents are more powerful in the first 
instance. 

All these effects are greatly intensified, but not altered in direction, by the introduc- 
tion of a bar of soft iron or a bundle of iron wires within the inducing helix. Thus 
with the double helix {Jig. 445), on making contact with the battery, the iron becomes 
strongly magnetised, and we may suppose that a number of molecular currents are 
made to circulate round its particles in tho same direction as tlie current of the helix 
A (p. 447) ; these, at the momcjit of their formation, induce a strong momentary current 
in the contraiy din'cfion in the helix B; nncl on breaking contact, the magnetism is 
destroyed, and an equally strong current is induced in B, in the same direction as that 
in A. 

The same effects are produced by magnetising the iron bar within the helix in any 
other wa^ ; thus on bringing the opposite poles of two bar ma^ets in contact with tho 
extremities of the bar, a current is developed in the helix B ; and on removing tho 
magnets and tliercby unmagrietising the bar, a momentary current is formed in tlic 
contrary direction. 

Again, in the second form of the experiment, if a bar of soft, iron is introduced into 
the movable helix, a current is developed in the fixed helix in the same direction as 
wlicn the iron is not there, but of greater intensity ; and if, instead of the helix, a 
permanent magnet be thrust into the tube with its polos intlie same direction as thoso 
of the temporary magnet formed by the helix, tho same momentary current will ho 
produced as before, and a contrary current on withdrawing the magnet. 

The direction of a current developed by the action of a magnet, is determined by 
the following law: — T7ic development of magncii&m in a bar of iron in ike neighbour- 
hood of and at right angles to a closed conducting wire^ or the Tnovemmi of a permanent 
magnet in the neighbourhood of such a vrirCy induces in it a current of electriciig, tho 
direction of which is opposite to that which would develops the same magnetic polantg 
in the irony or*imprcss the same motion on the magnet ; and on destroying the magnetism 
in Hhe irony or moving the permanent magnet the contrary wayy an opposite current is 
developed in the wire. 

The intensity of the induced currents varies with the length and diameter of the 
wire in which they are developed, also on the energy of the inducing currents, or tho 
power of the magnet In general, it is advantageous to use very long wires, and even 
to join several helices end to end ; but in that case, if the induction is not effei>ted hy 
the action of a magnet, it is necessary to employ an inducing current proceeding 
a battery of a considerable numl)er of pairs. Those conditions vary, however, according 
' to the effects to be produced, and consequently with the nature of the nonduotors 
through which the induced current is to pass. 

An electric current, at the moments of its commencement and cessation, dovolopcs 
momentary cuirents, not only in neighbouring wires, but likewise in the wire tluough 
wUch itself is passing. When a copper wm^ is made to dip into two raercuiy cups 
attached to the plates of a simple voltaic batteiy, the spark produced on breaking con- 
tact is much bnghtor than that formed on making contact, especially if the wire is long 
and formec^into a coil, and still more if it is coiled ronnd a bar or horso-shoe of soft 
iron. The cause of this difference is that the battery current, at the moment of its 
commencement, induces an opposite current in the conducting wire, whereby its own 
force is partly neutralised, whei’cas at the moment of cessation, it induces a secondary 
current in the same direction as itself, whereby its force is augmented and a stronger 
ipark produced. 

These secondary currents, which, like those induced by the current in neighbouring 
wires, are of considerable intensity, may be rendered evident by attaching to the wire, 
near its extremities, two thinner wires connected with a galvanometer ; the needle irill 
then be deflected on completing and breaking the battery circuit. If the extremities 
of these thinner wires are brought close together, a spark will pass between them at 
each completion and interruption of the circuit ; and if copper cylinders are attached 
to them and held in the moistened hands, a shock will be felt. When the secondary 
current is diverted in either of these ways, the brightness of the spark which appears 
on breaking the batteiy circuit is much diminished. . 

The formation of these secondary currents, called extra-currents, will be easily 
understood if we remember that a wire may be regarded as a number of smaller wiresr 
or rows of particles laid parallel to one another. 

Induced currents are also developed hy the influence of tho earth’s magnetisnu^^ 
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when a reptiabgular wire whose extremities are connected with a galvanometer is 
liiiiae to move round its lower side at right angles to the magnetic meridian. The 
direction of the current, in all varieties of the ^vement and form of the con* 
juctor, Tuaj be easily made out from the preceding gencnil rules, remembering that 
the norlli magnetic pole of the earth is analogous to the south pole of an ordinary 

jnaftuot. 

Induced currmta of higher orders, — An induced current is capable of developing 
other induced currents in neighbouring conductors ; and these again develope others, 
the series being continued through several terms. These phenomena were first 
observed by Dr. H en ry, of Pri n c e ton (Ann. Ch. Phys. [3] hi. 394), who made use of 
the apparatus represented in fig. 416, oonsisting of a number of flat spirals of covered 

Fig. 446. 



copper riband. The first spiral a, is connected with the pwles of a voltaic battery ; 
iihove this, and very close to it, is jdaced another spural b, the ends of wliicli are coU' 
neoU'd with those of a third spiral c, above which, and very close to it, is a fourth 
spiral f/, connected with a fifth c, and so on. At the moment of hiUTruj)ting the 
liaftcry current in an induced current is developed in h in the same direction as in ci; 
this induced cuiTcnt passes on to c, and there developes in d a momentary current in 
t!ie contrary direction ; tin's current p)ass<‘s on to c, where it developes in a current 
^Ulo.se direction is opposite to that of t/, and thcrt'foro the same as that of a and h. 
lln' direction of the current in any one of the s|)irals may l)e determined l>y inter* 
1 osiiif^ in its circuit a galvanometer, or a. chemical voltainetor, or, as in the figure, 
it liilix containing a stc'ol wire, which becomes magnetised, and indicates tho 
direction of the current by the positions of its pmles. 

Ot the induced cniTcnts developed on inUrrwpting the primary or battery current, 
the .secondary, quaternary, and all of even order, have the same direction u.m tlio 
priniaiy eiirTeut, while the tertiary, and others of uneven ordtT, move in the contrary 
dir<‘ctioi). 

.Similar phenomena are observed at the instant of closing the Lattt'ry circuit, except-- 
that as the secondary current (in tlie helix b al>ove) is of contrary direction to the 
pniiiiiry, all tlio induced currents of even order also move in the direction contrarv to 
oiat of the primary, and those of uneven order in the same direction as the primary 
current, 

I lie filienomcnon is, how'ever, more complicated than the preceding de.scriptioji would 
iiijply : for every current, however developed, induces in a neighbouring conductor two 
0 KT cniTents, onc5 at the moment of its commencement, in the opposite direction to 
Itself the other at the moment of its cessation, in its own direction. Hence there are 
inj’eality, two secondary, four tertiary currents, eight of the fourth order, 2" -I of the 
order. It is only, however, the secondary currents that arc sef)arated from each 
other by a finite interval, that namely between the closing and interrnptiou of the 
'littery circuit, which may be made as long as we please ; but each of the secondary 
rurreiits has but a momentary duration : consequently, of the two tertiary currents 
neli It produces, the second follows instantly upon the first, and the current actually 
0 iser^'t'd is merely the difference between the two. Similarly with regard to the 
currents of higher ordera. If then the two currents developed in a conductor at the 
instant by the ^tion of a current of the next lower order, W’ere always equal in 
^anlity and intensity, no currentf of higher order than the second could ever 
? observed. This, however, is not the case ; the two secondary currents formed at 
, *0 commencement and cessation of the primary current are equal in quantity, pro- 
^ ucing equal and opposite deflections of the galvanometer ; but they diflTor in intensity, 
lat IS to say, in their power of overcoming resistances, the direct current having a 
^eater intensity than the inverse. Similar differences of intensity appear also to 
xist in the two simultaneous currents of any higher order, excepting that in these 
c inverse currents possess the higher intensity, so that the current actually produced 
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moves in the direction contrary to that to which it owes its origin. That the indneod 
currents of orders higher than the second are really the resultants of opposite 
induced currents of different intensity, is in accordance with the fact, that they are all 
capable of producing chemical, calorific, and physiological ofifects, that is, of traversing 
circuits which offer considerable resistance, but that the galvanometer is scarcely de. 
fleeted by any induced current of higher order than the second. 

Induced currents of several orders are likewise produced by the sudden discharge of 
electricity, as by the discliarge of an electrical battery. The effects are somewhat 
complicated, but the general laws of the^ action are the same as when the primary 
current is continuous. As, however, the primary discharge is instantaneous, or nearly 
BO, the two opposite secondary currents which it induces on a neighbouring conductor, 
fliiccoed one another at an imperceptibly short interval, and therefore nearly neutralise 
each other, if the circuit docs not present much resistance ; but if the circuit is inter- 
rupted, either by a thin wire which becomes heated, or by an interval which gives rise 
to the passage of a spark, one of the induced currents, generally the second, or that 
which has the same direction as the primary, predominates over the other. (Riess, 
Beibungs-elcctricitdt, ii. 266-365.— Mattencci, Ann. Ch. Phya. [3] iv. 163.— Dove, 
ibid, iv. 336.— Mari an ini, ibid. x. 491 ; xi. 386.— Knochenhauer, ibid, xvii. 130. 
— Vordet, ibid. xxiv. 377.— Be la Rive, Ji'aiU i. 406.) 

Theory of Electro-dynamic Induction . — ^The following explanation of the dovelop- 
ment of induced currents is given by Be la Rivo (DmiS i. 445). Electro-dyiiamic 
induction maybe regarded as the re.‘:iilt of the decomposition by influence of the natural 
electricity belonging to each particle of the conductor subjected to the action of the cur- 
rent, by the already separabsd electricities of each particle of the conductor conveying 
that current. 

Considering the current as a series of decompositions and recompositions of tlie 
electricities of contiguous molecules, suppose AB (fy. 447) to be a conductor through 
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which a current is passing; from A to B. The particles which compose this conductor 
have their natural electneity decomposed, the —E of each turning towards A, which 
is the positive pole of the apparatus generating the cuixent, and the + ^ to B, which 
is the negative pole. These opposite electricities, as soon as they are. separated, 
recombine from particle to particle, the — of a with the + Eoi the pole A, the ^Eoih 
with the r E of a, and so on up to h, the + Eof which unites with the— of the poleB. 
This recomposition, which is instantaneous, is immediately followed by a new decom- 
position, then follows another recomposition, &c. this series of actions going on so rapidly 
that, as experiment shows, the whole of the conductor is kept in a constant state of 
tension. 

Now let there be a second conductor, A' as near as possible to the first, but insi^ 
lated from it by silk or wax. At the moment when the current begins to pass through 
A B, and itB particles are polarised, as in the figure, those of A' B' become polarised 
in the opposite way, the +E of each particle of A' B' being opposite to the — of tjjo 
corresponding particle of A B ; whence it follows that, if at the moment when the 
current begins to pass through A B, the two extremities of A' B' are united bv » 
conductor, such as a galvanometer-wire, the +Eof the particle a' unites through that 
conductor with the — B of the particle h\ producing therefore a momentary currew 
whose direction is from A' to B' in that couductor, and from B' to A' in the wire A. if 
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If that is to say, in the direction contra^ to tLat of the inducing current. In like 
*Vr if the ends A' B\ instead of being joined by a conductor, are made to commu- 
*”*^* te severally with the two plates of a condenser. A' imparts to it a charge of + Jf?, 
hanro of — iS"* As soon as a* has lost its positive and h' its negative electricity, 
^ lifof a is disguised by the + of b\ and so on to the — JS? of which is 
a'^rulsed by the +J5of h\ These opposite eWtricities attached to the contiguous 
do not at onco recombine and neutralise one another, because they uro 
^ ^taiued in their places by the opposite electricities of the particles of A B; but as 
,n as the current ceases to pJiss along A B, the — E of a' unites with the + E of K 
- 1 ^ the medium of the conductor which connects the ends A', B\ and at the same 
t ine the opposite electricities of tlie particles a\ h\ e\ d\ e\ f, and g' recombine, pro- 
j i’ ^ current from B' to A' in the conductor, and from A' to B' in the wire itself, 
that is to say, in the same direction as the primary current in A B. The state of 
tension of the wire A' B' during the time that the current is passing through A B, is 
thiit which Faraday calls the ehvtrotonie state ; its creation produces the first induced 
current, and its cessation, the second. 

This mode of explanation is not however veiy satisfactory, and it does not show clearly 
why the secondary currents are produced only at the commencement and cessation of 
tlie primary current, and not during its continuance. Supposing a molecular polnri- 
Hiition, like that represented in Jig. 447, to bo produced in the two wires, a discharge 
oiuTht to occur in A' B' at the same instant as in AB, then a second decomposition- of 
chTtricitics, then a second discharge, and so on, as long as the current in A B 
continues. In short, all the changes of state in A B ought to be reproduced in A' B', 
iiivii*sely and with less intensity. More complete theories of electro-dynamic in- 
diu tion have boon given by W eber (Pogg. Ann. Ixxiii. 193), and Neuman n, (Abluindl. 
(I herl Acad. 1845, 1, and 1847, 1) ; but they are not of a nature to be introduced into 
this work. (Hee Wiedemann, Galvanismns^ &c. ii. 675 ; Miiller, Lchrhuchy ii. 378.) 

^faqnfto~clectric Machines, — The preceding principles have been applied to 
th(^ coiistiniction of machines fin* the rapid and continuous development of induction 
currents. All these machines depend upon the rapid magnetisation and demagnetisa- 
tina of a bar of soft iron round which a continuous wire is coiled, the development 
jiiicl destruction of the magnetism being efFected, either by giving the bar of iron a 
continuous motion, which causes it to pass at short intervals before a magnetic pole, — 
or hy subjecting it to the influence of an electric current, the circuit of which is com- 
pleted and broken at very short intervals. 

Saxton’s magneto-electric machine {fg. 448) consists of a strong horse-shoe magnet, 
fixcil liorizontally, and u soft iron keeper in the form of a hoi*se-shoe, each ai*m of 
which is encirclcKi by a silk-covered 
wire. The keeper is made tore- 
vnlvo oil a horizontal axis by an 
cihltess cord passing round a wheel, 
wluTchy the two oxtroTnities of the 
k( ( per are brought in front of the 
]'m1os of the magnet twice at each 
turn of the wheel. By this motion, 
the keeper is alternately magnetised 
and uuniagnetised. Wlieii it is in 
the a.vial position, that is 1o say’’, 
when its ends face the poles of the 
mugnet, as in the figure, it is mag- 
netised ; when it has got a quarter 
round, or into the equatorial po- 
sition, it is unmagnetised; when 
half round, it is again a magnet, 
hut with its poles in the reverse 
of their foimer direction ; when three-quarters round, it has again lost its magnetism, 
aud so on. Now, as the loss of one kind of magnetic polarity is the same as the gain oi 
tlie opposite kind, it is easy to see that, at each complete turn of the wheel, there will 
be two currents in opposite directions developed in each of the coils of wire. Further, 
on comparing each of the induced currents in one of the wires, with that which is 
in<luc^ at the same instant in the other wire, it is clear that these two currents must 
move in contrary directions, since the magnetic poles to which they owe their origin 
are of opposite kinds. Hence, to enable these currents to unite their forces instead of 
neutralising each other, it is necessary to join together the two ends of each of the 
^res from which the current appears to issue, and the two by which it appears to 
enter at the same time ; these four ends thus joined two and two, present but two 
wttremities or poles, which may be connected with the body through which the induced 
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currents are to be sent Another mode of connection is to join the ®xtr^ity o# ^ 
wire from which the current issues, with that extremity of the other at which it 
at the same instant leaving the other ends free to form the poles. These two arrantf** 
ments differ in this respect, that in the former there are two parallel circuits fr 
effects of which are added together, whereas in the second, there is only one ctreu't 
twice as long as the former. The second circuit has evidently much less conducting 
power than the first, which consists of two wires only half as long as the single wire 
of the second; it is therefore the arrangement to bo preferred when the induced cur- 
rents are intended to pa.ss through imperfect conductors, or ijiterruptions in the circuit' 

To establish the connections between the two extremities or poles of the wire, one 
of them is brought in contact with a metal rod fixed on the prolongation of the axis iu 
the middle of the keeper, and mo^nng with it, — the other with a vertical metal disc 
fixed by its centre to the same rod, which passes through it, but is well insulated from 
it by a glass tube enveloping the rod. The disc dips constantly by its lower part 
into a little trough of mercury, which also receives in succession the two points of 
a little brass needle attached to tho end of the rod, and in metallic communication 
with it. Every time, therefore, that one of the points of the needle is brought by tho 
rotation into such a position as to dip into the mercury, a metallic communication is 
established between tho extremities or polos of tho two coils of wire. If tho needle 
is adjust(;d so that each of its jjoints shall dip into the mercury just as the keeper 
arrives in front of the poles of the magnet, and emerge as it quits them, the first 
induction cummt is developed at tho moment of iinmersion, the second at the moment 
of emersion. Both tho immersion and the eiiK’rsion are therefore accompanied by ati 
electric spark, so that a constant succession of bright sparks is produced as long as the 
rotation of the wheel is continued. 

To send the induced currents througli any required conductor, the needle is removed, 
and the pointed end of a small metallic rod, firmly fixed to the frame of the apparatus, 
is pressed against the extremity of the axis of rotation, which is hollowed out for the 
purpose, the other end of tlie rod dipping into a cup of mercury. When the memiry 
in this cup and that in the basin, into which the disc above mentioned constantly dip.'i, 
are connected by any conductor, the induced currents must necessarily pass through 
that conductor. To render the connection perfect, the bottom of the cavity at the end 
of the axis is amalgamated. 

Magneto-electric curronth are similar in most of their effects to voltaic cuiTcnts; 
they heat thin wires to redness, decompose acidulated water, and give powerful shocks, 
To produce this 1/ist effect^ two wires attached to metal cylinders 449) are con- 
nected, one into the mercury in tlie little cup, the other with that into whi(di the disc 
dips ; the cylinders are held in tlie hands, previously slightly moistened with salt water. 

Magneto-electric currents differ however from voltaic currents in being discon- 
tinuous, and when produced by the machine above described, in moving in two 
opposite directions alternately. This discontinuity is tho cause of the powerful sh.ocka 
which they give ; a voltaic current, the circuit of which is rapidly completed and 
broken, likewise produces much more powerful shocks than a continuous current from 
the same battery. The alternate movement of the magneto-electric currents in opposite 
directions has a considerable effect on its power of chemical decomposition: for this 
repeated change of direction necessarily causes a mixture of oxygen and hydrogen 
cases to be evolved from each electrode ; and if tho surface of the electrodes is rather 
large, considerable quantities of these mixed gases recombine and form water, espe- 
cially when the alternate currents succeed each other very rapidly, so that tho two 
gases are presented to each other almost in the nascent state. Hence it may happen 
that tho quantity of gas collected in the voltameter is very small, although the 
currents may be very powerful, and produce great heat in metallic wires interposed in 
the circuit These alternate currents produce no deflection of a galvanometer needle: 
whence we may conclude that they are equal in quantity. 

it is possible, however, to arrange the interruptions of the circuit in such a manner 
as to produce a series of currents all in one direction. This is effected in Clarke's 
magneto-electric machine (y?^. 449). The magnet A is vertical, and the connections 
are made without mer«mry, by means of a small steel spring 0, pressing against a 
metal cylinder K, fixed upon the axis in place of the vertical disc in Saxtons machine, 
and insulated hy a glass or wooden tube. Near the extremity of the axis is fixed 
another cylinder H, serving as a contact-breaker, for which purpose its surface is 
formed half of metal and half of wood, so that a second spring Q, which presses 
constantly against it, is brought in contact, as the axis revolves, sometimes with 
the metal, sometimes with the wood, and consequently is sometimes in, sometimes 
out of communication with one of the extremities of the coil, whilst the othef 
ipring, pressing constantly against the other cylinder K, which has a continuous 
metallic surface, is always in contaet with the other end of the coil To obtain 
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■ucce«Jtioti of currents all in the same direction, it is only necessary to fix the disc 
n in such a manner that tho spring may press against the metal part of its sur- 
face while the keeper is passing from one axial position to the opposite, and against 
tl,« wood during tlie other half 
„f the revolution. By this ar- - * 

r ingement, one of the opposing 
currents is cut off at every 
turn of the wheel, and a rapid 
succession of currents is sent 
through the wire, all in one di- 
rection, and capable of producing 
all tlio effects of tlie continuous 
current of a voltaic battery of 
high t(‘nsion, the resemblance 
between tho two being greater 
as tho momentary currents suc- 
ceed one anotlier witli greater 
r;ipidity. When, however, tho 
hjigth"aiKl tenuity of the wire 
ixcoed a certain limit, the in- 
duced currents are no longer 
cupahlo of heating wires or 
decomposing electrolytes, but 
tiu'ir physiological effects be- 
ccine more intense. These differ- 
fiices depend upon the relative 
conducting pow(*r of different 
parts of the circuit, and on the 
ijuantity of electricity in the cur- 
n iits. Wlien tho wire is very 
I'tiig iind thin, uiul consequently 
'll. rs considi'mldo resistance to 
t!ic passage of electricity, the 
.'urrciifs are small in quantity 

I'll! t/f high intensity. _ 

'/'//>■ //<r/f(L^/on-c‘(jil.^Tho most powerful of all magni'to-eleetric machines are those 
:a which the soft iron is inagnelisod uiul uninagnetised, not by moving in front of a 
1 '. I’inaneiit inagnet, but by the action of an electric current, the circuit of wliich is 
.'inpletcd and broken in rapid succession. The.se instruments, called indiiction- 



'• dls, oiFi'i’ considorublo variety in tho details of their construction, but they all 
r 'lisisl ess-mtiaily of u hollow cylinder containing a bar of soft iron or a bundle of iron 
and having two helices of wire coiled round it, as hi Jiff. 4-lt>, one connoeb 
1:.'* p>.tles of a voltaic battery, the oilier serving for the devolopnicnt of the i; 

I'iwiviits. The alternate interrupt ion and closing of the battery-circuit n 
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connoeted with 
nduced 
may be 


iiterriij)tion 

i' ctcd by means of a metal spring con- 
'ti'd with one end of the battery-coil, 

;ind ])res,slng against the circumference 
f’t a toothed wliecl, the axis of which is 
OGiui. ctod with the other end of tho same 
so that, as tlie wheel is tui-ned round, 
taii end of the spring is sometimes in con- 
tact with the ti^eth and completes the 
riri'Uit, sometimes passes between them 
■•‘id interrupts it ; but it is generally bet- 
pT to ado])t a self-acting arrangement, as 
jn the ai)paratns of Bonijol represented 
in Jtg. 450. In this machine, a fixed 
curved rod of metal, A B, and an elastic 
Ti )and, C I), are interposed in the circuit 
..J or battery current. Tho 
jjy ils elasticity, presses against 
® of the metal rod, and tho two 
.ices of contact are covered with discs 

da to prevent oxidation. The 

itH is pierced at E by a rod which can be raised or lowered, so as to bring 

ower extremity, to which is attached a horizontal disc of iron, to a convenient dis- 
ce Irom the bundle of wires in tho axis of the cylinder. On making contact with 
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the battery, the soft iron core of the cylinder becomes ran^ietised, and 
Iktle disc of iron, which pulls the elastic riband along with it, an4 separates 
faces B, B, thereby breaking the circuit As soon as this takes place, the iron ^rire* 
lose their magnetism, the iron disc is no longer attracted, and the elasticity of ^ 
riband C J) forces it up again, bringing the surfaces B, I) in contact and completinir 
the circuit: and this series of actions being repeated with great rapidity, an qualiy 
rapid series of induced currents is produced in the other helix, the ends of whiij^coti 
municate with the wires F, G. Consequently, any conductor, metallic, electrolytic, &e 
interposed between F and G receives these induction currents. One of the polps of 
the battery is connected with the end H of the inducing coil, and the other with 
the end C of the elastic riband, the rod A B being connected by a wire with the othor 
end K of the inducing coil. 

The apparatus is also pro\dded with another kind of current-breaker, consisting of a 
spring, M, and a toothed wheel, N, which is used when the self-acting curront-broakt-r 
a^ve described cannot be made available, as for example when the inducing coil is 
required to act on the otlier coil without tlie aid of the soft iron core. 

The most powerful form of induction-coil, that of Ruhmkorflf {Jiff. 451), actshy 
means of a self-acting cuiTont-broaker, like that just described. The cylinder of this 
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machine is a foot or eighteen inches long, and is surrounded by a coil of thick v'irc to 
convey the inducing current, and a much longer coil of thin wire for the drvelopnient of 
the induced currents. The wires are insulated with resin, a nd the direction of the indiieiiii; 
current can bo changed at pleasure by a commutator. To increase its power, H. 
has added to it a condenser, consisting of two metallic ribands bent one round tlio 
other, and separated by oiled silk ; tht\sc ribands communicate with the two oxtr(!nii- 
tics of the inducing wire, and tlius becomo charged when the circuit is broken, .'ind 
discharged when it is completed ; this discharge, being in the same dii*ection us the 
current, greatly inereases its power. 

In all tlicse induction apparatus, a bundle of wires is much more effective in deve- 
loping the the induced currents than a solid cylinder of iron, apparently because, in 
the latter, superficial currents are developed by the action of the inducing current, 
which interfere with tho principal effect. See Do la Rive {TraiU, i. 422). 

The currents developed by the induction-coil, especially of Ruhmkorffs construc- 
tion, are of very high intensity, capable of giving long sparks, and shocks of unendu^ 
able force. They are also capable of igniting gunpowder and other inflaimnahie 
substances, and the apparatus has been used for exploding charges of pinpowder for 
mining, engineering, and military purposes. For military purposes,^ 
cially for operations in the open field, the use of tho voltaic battery is attended wu 
some inconvenience ; and Messrs. Wh e at s t o n e and Abel have succeeded in. produciag 
tho same effects by means of a magneto-electric machine, in which the currents are 
developed by mechanical movement, as in Saxton’s and Clarke’s machines. The ftp* 
paratns contrived by Mr. W h e a t s to n e for this pnrwse, consists of six small 
the poles of which are fixed soft iron bars, surrounded by coils of insulated wir^ 
coils of all tbe magnets are united together, so as to form, with an external 
wire and the earth, a single circuit. An axis carries six soft iron arraatores 
cession before each of the coils. By this arrangement, all tbe magnets 
trire simultaneously, and produce the effect of a single magnet of more than riX w® 
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Wnsions ; atid six eiiiTeiits are generated during a single rerolution of the axis, so 
? t idth the aid of a multiplying motion applied to the axis, a very rapid succession 

^f^rrents is produced* 

^^^npowder alone may be fired by the magneto-electpio discharge, especially when 
onaucting power is increased by the presence of a small quantity of moisture. 
U tter results are, however, obtained by the use of fuses containing more inflammable 
^Ltances, such as fiilmiuating mercury. But the best mixture for the purpose is that 
'eiitcd by Mr. Abel, consisting of a mixture of phosphide of copper (p. 73) with 
1 lomte of potassium, and a small quantity of cuprous sulphide, to increase its con- 
^ power. For the description of the fuses used, and other details of the appar 
wtus and manipulations, see Abel (Chem. Soc. J. xiv. 180). 


Mfasubrm£nt of the Fobce of Electric Currents. 


Ohm* 8 The amount of electric or chemical power developed in the vol* 

taic circuit, or, in other words, the quantity of electricity which pusses through a 
tninsverse section of the circuit, in a unit of time, evidently- depends upon two condi- 
tions ; viz., the power, or electromotive force of the battery, and the resistance offered 
to the passage of the current by the conductors, liquid or solid, which it has to traverse. 
With a given amount of resistance, the power of the battery is proportional to the 
quantity of electricity developed in a given time ; and by a double or treble resist- 
ance, we mean simply that which, with a given amount of exciting power in the 
battery, reduces the quantity of electricity developed, or work done, to one-half or 
onedliini. If, then, the electromotive force of the battery be denoted by E, and the 
rcfiistanoe by Ji, we have, for the quantity of electricity passing through the 
circuit in a unit of time, the expression : 


w 

This is called Ohm’s law, from the name of the distinguished mathematician who 
first announced it. 

By means of the formula (i), wo may estimate the effect produced on the strength 
of the current by increasing the number and size of the plates of the battery. The 
resistance R consists of two parts ; viz. that which the current experiences in passing 
througli the cells of the battery itself, and that which is offered by the external con- 
ductor which joins the poles; this conductor may consist either wholly of metal, or 
partly of metal and partly of electrolytic liquids. Let the resistance within tho 
butteiy bo r, and the external resistance /; then, in the one-cclled battery, we have 


q - 


K 

r '•c r 


( 2 ) 


Now suppose the battciy to consist of w colls perfectly similar ; then the electromotive 
force iH'comcs the rosistimcc within the battery nr ; if, then, the external resist- 
ance remains the same, tho strengtli of the current will bo denoted by 


nE 


K 


T 

+ - 
n 


( 3 ) 


If r bo small, this expression has nearly the same value ns ; 


> ; that is to say, if 

the circuit bo closed by a good conductor, such as a short thick wdre, the quantity of 
electricity developed by tlie compound battery of n cells, is sensibly the same as that 
otoItchI by a single cell of the same dimensions. But if r is of considerable amount, 
®f 'vhen tho circuit is closed by a long thin wire, or when an electrolyte is interposed, 
the strength of the current increases considerably with the number of plates. In fact, 
the expression (3) is always greater than (2); for: — 


nE E (w — 1) Er* 

nr r* ~ r + / {iir -t r) (r + r) 

^ quantity which is necessarily positive when n is OTeatcr than unity, 
i^uppoae, in the next place, that the size of the plates is increased, while their num- 
the same. Tlien, according to the chemical theory, an increase in the 
surface of metal acted upon must produce a proportionate incretwe in the quantity of 
fiectricity developed, provided the conducting power of the circuit is sufficient to give 
1 passage. According to the theory which attributes the development of the eloc- 
*city to the contact of dissimilar metals, an increase in the size of the plates does not 
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creased m times, the expression for the strength of the current becomes ; 


E _ _ mE 

r 1 r + mr' 

- + r 

m 

TllE 

If r' be small, this expression is nearly the same as — - that iS to say, tli^ quau* 

tity of electricity in the cuiTcnt increases very nearly in the same ratio as tlid 
size of the plates ; but when the external resistance is considerable, the advautaire 
gained by increasing the size of the plates is much less. ° 

"We may conclude, then, that when the resistance in the circuit is small, as in 
electro-magnetic cxperinients, a small number of large plates is the most advanta^rpoiw 
form of battery ; but in overcoming great resistances, power is gained by incrciibina 
the number rather than the size of the plates. “ 

‘We have seen that the chemical or electrolytic power of a voltaic current is propor- 
tiouiil to the amount of chemical action which goes on in the buttery, and that tiio 
quantities of different electrolytes decomposed by the same current, are to one anotho? 
as* the weights of their comparable molecules (p. 439). Hence the chemical power 
of any current may bo measured by the quantity of gas collected in a given time in a 
voltameter placed in the circuit. 

But it is by no means evident that the magnetic, calorific, and otlier effects of tlio 
electric current are proportional to its chemical power, and even if they were, the vol- 
tameter would not afford a convenient measure of them, since, besides being somewhat 
uncertain in its indications, in consequence of the absorption and partial recompositiou 
of the oxygen and hydrogen evolved, it requires a certain time to elapse before a suffi- 
cient quantity of gas is collected for measurement, and cannot therefore give notice of 
any momentary variations in the power of the current. Hence to obtain exact measure- 
ments of the magnetic force of a current, it is necessary to resort to the majiiu tie 
action itself; msirumcut.s for this purpose arc calh’cl Oa IvanometerHS or Ulieo- 
meters. The so-called gal va non jc tors, already’ described (p. 443), are really only 
galvanoscopcs or multiplier.s ; they indicate with great delicacy the existciieo and 
direction of a current, but are not adapted for quantitative measuroment. 

The Tamjent Godvanonutcr or Tamjent Compass. — In the true galvanometer (///. 
452 ) the cuiTont, instead of passing through a long coil of wire placed close to the 
needle, is made to pass through a broad circular band of brass or copper P Q, of con- 
siderable dimensions, in the centre of which is placed a magnetic needle w, the leni^th 
of which is very small in comparison with the diameter of the circular conductor (it 
should not exceed so that the distance of tlie extremity of the needle from tho 
conductor P Q, and consequently the force exerted upon it by the current, may I'e 
sensibly the same at all angles of deflection. Tho instrument is placed so that tk 
plane of the circle P Q coincides with the magnetic meridian. 

To determiiio the relation which exists under these circumstances between the de- 
flection of the needle and the force of the current, lot N S (.^//. 453) represent a 
long horizontal wire stretched in the direction of the magnetic meridian, and suppose a 
magnetic needle, placed with its centre vertically under the wire, to bo deflected by a 
current pavssing along the wire in tho direction w/f, making an angled with the wire. 
The current impels the pole s in the direction s f perpendicular to N S, while tho 
earth’s magnetism acts upon it in the direction s (/'parallel to N S. Let the lines «/, 
eg be taken proi>ortional to the magnitudes of tliese two forces ; di*aw ash perpen- 
dicular to n s, and fh^ga parallel to it. Then the lines s a, 8 b represented the com- 
ponents of the forces sfsg acting at right angles to the needle, and tending to move 
it one way or the other ; hence, to keep tho needle at rest, s a must be equal to s 5. 
Now sa =» eg sin 0 and sh = ^/cos ; therefore the condition of equilibrium is : 


therefore, sf 


sf cos 0 =» sin ^ ; 

sin 0 ^ . 

sg sa sg tan 0 

^ cos 0 ^ ^ 


In like manner, for another angle of deflection 0', we should have sf 
therefore : 


sf \ sf * tan 0 : tan 0*; 


sg tan 0*» 


that is to sjy, the magnetic force of the current is proportional to the tangent the 
^ angle of defiection. 




The iimc‘ Galvanometer or Sine- Compass . — To aA'oid any orror that may arise from tho 
diftcront relative positions of the needle and conducting wire at dilTerent inclinations, 
tlie construction of the galvanometer is sometimes 
nioilificilin sudi a maniHT as to keep the needle alwu^'s 
ill tlic plane of the circular conductor. For tins pur- 
jiosc, I lie needle is placed in the middle of a horizontul 
divided circle (fig. 461), which is itself placed within a 
vt rlical circle, the two being movable together round a 
vertical axis, and the amount of this rotation being ineii- 
fiurod on another horizontal circle below. The conduct 
wire, which is of copper covered with silk, is wound 
Hcvcral finios round the vortical circle. The instrn- 
riciit is first placed with the vertical circle in the plane 
nt' the iriiignetic meridian, the magnetic needle and 
tlie index of the lower horizontal circle tlien standing nt 
()ii sending the current through the wire, the needle 
is dcHccted; the vertic-n.l circle is then to be turned 
in the same direction, till the needle again comes into 
the plane of the conducting wire, and therefore to the 
zero f>t' the upper horizontal circle. The amount of its 
dctlccfion from the magnetic meridian is then read ofif 
on the lower circle. Since now tlie needle is retained 
HI the plane of the wire, it is clear that the current 
acts upon it at right angles to its axis, and therefore 
"nth its full force: hence, in the position of equilibrium, 

1 ' balance tliat of the earth’s magnetism, which tonds to bring the needle 

•1 ■ 1 ^ meridian ; but this terrestrial force varies as the sine of the angle 

" luch the needle makes with the magnetic meridian ; hence also tAe force of the current 
puiport 'omal to the mne of tJicanejte of deficction. Hence the name of the instrument. 

the sine-compass does not require the diameter of the circle of conducting wire to 
le very great in proportion to the length of the needle, it is bettor adapted than the 
■nigent-oompuss for the measurement of weak currents ; but it is more complicated, 
^’pthe whole not so convenient. (For the description of a sine-compass constructed 
‘ lomeng and Halske, especially for telegraphic measurements, see W i e d e- 
‘•ann s lAhre vom Galvanumns und Elcetro^magnciisnms^ ii. [1] 207.) 

_ Comparison between the Magnetic Galvanometer and tJte Voltameter . — Fy introdue- 
t}^ ^ same circuit a voltameter and a tangent or sine-compass, it is found that 

dicunical action of the current is proportional to its magnetic action. The mag- 
galvanometer affords therefore a measure of the cliemical, as well as of the mag- 
J^ejipction of the current. ^ 

CM\e different, tangent- or sinc-compasses are not directly comparable 

for, with a given strength of cuiTent, the deflection of the needle 
fnre^^ diameh?r of the ring, and with the intensity of the terrestrial magnetic 

locart;**^ same instrument would give different indications in different 

BUgn comparison with the chemical voltameter, however, the indications of 

cii mstniments may be reduced to a common standard. 


Fig. 464. 
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A series of experiments described by Muller (^Lehrbueh der PhvttJf: iL lynN * 
which a voltameter and a tangent-compass were included in the circuit of a *R 
batteiy, gave the following results : — 'Wisen'i 


Kumberofcelliln the 
battery. 

Deflectioii of needle. 

QuMitUy of dc tonalog 

ID three niinutei. “ 

\% 

28-5® 

Cubic centjmetres. ^ 

125 

8 

24*8 

106 

6 

22*0 

02*5 

4 

18*75 

78 

3 

13*75 

56 

2 

5*9 

23*7 


The deflection of the needle did not vary more than half a degree during the tliree 
minutes. The numbers given in the second column of the table are the mean devia- 
tions between those observed at the beginning and end of the time. 

The quotient obtained by dividing the quantity of gas evolved in the minute by 
the tangent of the deflection, is a constant, or nearly constant quantity, wliich gives the 
volume of gas evolved in a minute by a current which would produce, with the parti- 
ailar tangent-compass used, a dofle^ition of 45° (since tan 45° «= 1). The numbers in 
the prectSing table give, for this quotient, the following values : — 

No. of observation .1 2 3 4 5 6 

Quotient . . 76 7 76*5 76*2 76*6 76*3 76*6 Mean 76*5 

During the experiments, the tomperaturo of the room was 15° C., the barometer stood 
at 744 mm., and the column of water in the voltiuncter was about 10 cent, higlj, which 
is equivalent to 7 mm. of mercury. Hence the gas was under a pressure of 737 iniu. 
Eeducing by these data the mean volume of gas to 0° C. and 760 mm. pressure, tho 
volume of gas evolved in a minute when the deflection is 45°, is found to be 70 cubic 
centimetres. A current which deflected the needle of the same instrument thronging* 
degrees, would eliminate in a minute a volume of detonating gas « 70 tan <l> cub. ccut. 
Thus a deflection of 54° would correspond to a volume of detonating gas » 70 x tan 
54° « 70 X 1*376 = 96*32 cub. cent, at 0° C. and 760 mm. 

Jacobi adopts, as (he unit of current strength^ the citrn nt which eliminates 1 cuhic 
emtimetre of detonating gas at 0° C. and 760 mm. in a minute. If then a current which 
eliminates m cub, cent, of detonating ^as per minute, deflects the needle of a particukr 
tangent- compass, 45°, the strength ot any other current which, with the same instru- 
ment^ produces a deflection of degrees, may be expressed in terms of the above unit, 
by the formula : 

8 » m , tan <p. 

The indications of the sine-compass may ho compared with those of the voltameter in a 
similar manner. 

Beduetion of the Force of the Flectric Current to absolute Mechanical Measure.-- 
This important determination has been made tlio subject of an extensive research by 
Weber and Kohlrausch {Abhandlimgen der math.-phys. Classe der kbnigl-sach- 
tiaehen Gesellalsaft der Wissenchafien, Leipzig, 1856). The following are the units ol 
measurement adopted : — 

a. The unit of electric fluid is the quantity which, when concentrated in a point and 
acting on an equal quantity of the same fluid, also concentrated in a pointy and at the 
unit of distance, exerts a repulsion equal to the unit of force. 

b. The unit of electro-chemical intensity is the force of the current, which, in a unit 
of time, decomposes a unit of weight of water, or an equivalent quantity of any other 
electrolyte. 

o. The unit of electro-magnetic force, is the force of a current which — when it tra- 
verses a circular conductor whose sectional area is equal to the unit of surface, and acts 
upon a magnet whose magnetic moment is equal to unity, the magnet being placed at 
a great distance, and in such a manner that its axis is parallel to the plane of the 
conductor, and its centre on a line drawn through tho centre of the circular conductor, 
and perpendicular to its plane — exerts upon the magnet a rotatorv force equw 
to unity divided by the cube of the distance between the centre of the needle ana 
the centre of the conductor. 

Weber had shown by previous expenments that the unit of electro-chemical force il 
to that of electro-magnetic force as 106g to 1, It remained, therefor^ to detemw® 
the relation between oie electro-magnetic unit and the electrostatic unit (1), wad tW 
to establish a numerical relation between statical and dynamical electricity, Tho 
of experimenting was os follows : — 






M^SUREMEIIT Of ELECTUKI CUfe&filff & 4^ 

A Levden jar having been strongly charged, its kriob was toncl^ed with a laif^ 
^ t which took from it a certain portion of its charge, determined by pre- 
pietailic charge of the bidlwas then transferred to the torsion-balance^ 

^*^*^ 11 * wpvdsive force measured. At the same time, the remainder of the charge of 
was made to traverse the wire of a galvanometer, previously, however, having 
^ ssed through a long column of water, in order to give it a sensible duration, 
ireveiit it from passing from one coil of the wire to another in the form of a 
Slid prt manner, a relation was established between the sUitical and dynamical 

of the charge of the jar. — 2. The intensity and duration of a voltaic current 
determined, which imparted to the galvanometer needle the same deflection as 
X.Ti>ro<lui;cd by the discharge of the Leyden jar. 

The results of the experiments were as follows : — 

Throufh each section of a conductor traversed by a current whoso force is equal to 
fhe elcftTx)-magnctie unit, there passes, in a second of time, a quantity of positive 
clortricity equal to 156,370 x 10“ statical units (p. 462), an equal quantity of negative 
elortricity travelling in the opposite direction. 

The quantity of electricity required to decompose 1 milligramme of water, amounts 
to lOOij times this quantity, or 16,573 x 10* units of electricity, of each kind. To 
dicomiiose 9 milligrammes of water, or one equivalent, requires of course nine times 
this amount of electricity. This quantity of jxjsitive electricity (9 x 16,573 x lO"), 
accumulated on a cloud situated 1000 metres above the surface of the earth, and aet- 
iMcr on an equal quantity of negative electricity on the surface of the earth below the 
cloud, would exert an attractive force equal to 226,800 kilogrammes, or 208 tons. 

From the same data it is calculated that, if all the particles of hydrogen in I milli- 
gramme of wafer in the form of a column 1 millimetre long, were attached to a thread, 
mid all the particles of oxygen to another thread, then, to effect tlio decomposition of 
the water in a second, the two threads would require to be drawm in opposite direc- 
tions, each with a force of 147,380 kilogrammes, or 145 tons. If the water were de- 
composed with less velocity, the tension would be proportionally less. 

Electric Bemstance of Conductors, 

Tlie preceding principles enable us to detennino the manner in which the resistance 
of a na tallic wire varies with its length. For this piirt^ose, suppose a one-cclled 
liittcry (Daiiitdl’s) to bo used, which maintains a constant action during the lime of 
the experiment. First, let the current be made to pass directly through the tangent- 
eompass, and afterwards let wires of uniform thickness and of the hmgths of 5, 10, 
40, 70, and 100 tneires, bo interposed in the circuit, and the resulting deflections 
iih.servt‘d. Now, us the force of the battery is constant, the resistance is inversely# 
as the strength of the current. But the total resistance is mado up of that of the 
interposed wires, together with that of the battery itself, and that of the conductor of 
the galvanometer. These last two resistances we may suppose to bo equal to that of 
a wire of the same thickness us the above, and of a certain unknown length x. Instead, 
therefore, of the lengths of wire 6, 10, 40, &c., 'we must substitute x -r 5, 10, x + 

40, &e An experiment of this kind * gave the following results : — 


Lenstli of Wire. 

Observed Deflection. 

Tangent of Deflection. 

X metres 

62® 

0' 

1*880 

X + 5 

40 20 

0849 

X + 10 

28 

30 

0*543 

ar + 40 

9 45 

0*172 

X + 70 

6 

0 

0*105 

X + 100 

4 

15 

0*074 


Now, let us assume, as most probable, that the resistance of a wire increases in 
aireet proportion to its length, then, according to Ohm’s law, the flrst two experiment* 


ar : ar + 6 = 0*849 : 1*880 

alienee, x = 4*1 1 . And, by combining in a similar manner the first experiment 
''’ith all the others, we obtain for x the several values 4*06, 4*03, 4*14, 4*09, the mean 
m tlie whole being 4*08. Substituting this value for x in the preceding table, and 
^^Iculating the corresponding deflections, on the supposition that the stren^h of the 
tuwent varies inversely us Uie resistance, that is as the length of the conductor, we 
ootain the following results : — 

* Mtillcr, Lehrbuch der Phyiik, 18A3. li. 177. 
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'"-■y-"' 

Length of Conductor. 

‘ 

Calculiated Dtjflfctlon. 

zl 

observed Peflectlon. 

4*08 metre 

62 

0' 

62° 0' 

9*08 


18 

40 20 

14*08 

28 41 

28 

30 

44*08 

9 66 

9 45 

74*08 

5 57 

6 

0 

104*08 

4 

14 

4 

15 


l>*flerence. 


+ 2 ' 
- 11 
11 
+ 3 
+ 1 


From the results of this and similar experiments, it is inferred tlmt — ike rmsiance 
0/ a cmiductor of uniform thickneas varies directly as its length. 

The unit of resistance generally adojdrd is that of a wire of fure. silver, 1 tnrtrc in 
length and 1 millimetre in diameter, Jacobi proposed copper; but tliis iiirtal is uot 
§0 well adapted to tlie purpose as silror, on account of the difficulty of ohtainiujr it 
Matthiess(>n has proposed for the same purj)Osean alloy of gold and silver, ctriUainin ) 
2 pta. gold and 1 pt, silver, tlic conducting power of wliicli ho has shown to he very 
little afibeted by sliglit impurities in the metals, and not to be altered by annealinrr oV 
by moderate varialions of teniperature. (Phil. Mag. [4] xxi. 107.) 

For Weber’s absolute standard of electric resistance, see Pogg. Ann. Ixxxii. 337 • 

. Jahrest>er. d. Cheni. 1851, 272. 

^ or CurrcnUregulator , — This is an instrument for regulating and 

^'MettBuring the r(dative force of electric currents, hy introducing into the cir<niit a 
■inducting wire, the length of which may he varied at pleasure, without making any 
aiteration in the rest of the circuit. This method applied to different currents, gives, 
AB we filiall flee, the ratio of their inten.sities. The groat advantage which it presents 
of bringing the indications of a galvanometer phiced in the circuit, always t<) 
the’ same degree, by varying the resistance, and thus dispensing with the use of 
instruments which depend upon the relations between the defection of the needle and 
the strength of the current. In fact, the mode of measurement now under consideration 
depends merely upon the obvious principle, that two currents of equal strength will 
deflect the galvanometer in tho same degree. 

Instruments for introducing a variable resistance into the cirtmit arc of various 
construction. AVe shall here describe tlio rheostats of Professor Wheatstone, of which 
there are two forma, one for circuits in wliich the resistance is strong, the other for 
those in which it is weak. 

Tho rheostat for strong rosistanccs, {fig. 455), con.sists of two cylinders, g h, 
^ of the same dimensions, the fi ret of dry wood, 

tho second of brass, placed Avith their a.xc5« 
parallel to each other. The wooden cylinder 
g has a fine screw cut on its surface, and around 
it, following the thread of the screw', is coiled 
a thin brass wire. One extremity of this wire 
[ is attached to ei brass ring at tho nearer end of 
' the wooden cylinder, and tho otlier to the far- 
ther extremity of tho brass cylinder. Tho ring 
and the nearer cud of the brass cylinder are con- 
nected with the wiroH of tho battery, through tlie 
medium of the screw joints y, k. A movalde 
liandle 7«, serves to turn the cylinders alternately 
round their axes. By turning h to the right, the 
wire is uncoiled from g, and coiled upon h ; and 
tho contrary when h is turned to the left, he 
number of coils of wire upon it aw indicat^ 
^ by a scale placed between the cydinders, the 

fmetions of a turn being measured by an index moving round tho ring in “ 
the wooden cjlinder, which is gimluatod accordingly. As the coils of the wire are 
insulated on the w'ooden cylinder, but not on the brass, it is evident that the path oi 
the curront will be longer, and theroforo tho resistance greater, in proportion to the 
number of turns which the wire makes round the wooden cylinder. 

The rheostat for circuits of comparatively small resistance, is shown in figure 4oo ; 
a is a cylinder of dry wood, having a screw cut on its surface, and a thick copper wi« 
coiled round it in the thread of the screw. Immediately above this cylinder is a 
angular bar of metal 5, cai^ng a runner o, also of metal, to which is adapt^ e 
d, constantly pressing against the cylinder and yielding to all its inequwities. One 
end of the coil is attached to a brass ring c, against which there presses a, spring 
municating, by means of a binding screw, with one pole of the battery while the OWJ«* 


Fig. 466. 
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r le u connected in a similar manner with the triangular bar. On turning the handla 
the cylinder revolyos upon .its axis, and tho runner rf, guided by the copper wire^ " 
mores along the bar ih one direction or the other, according to the way in which thff 
haiidlo is turned. Tin? rUniiet is thus brought in contact with different parts of the ' 
copper wire, and a vjiriable resistance is introduced into tlie circuit, according as tHe 
current has to traverse a greater or smaller length of >^'ire between the ring e and the 
runner c. 

The figure shows the manner of using either of those instruments. 2? is a very sen- 
Fi’tivo galvanometer, having an astatic ne<*dlo, and provided with a microsco^ for 
rciuling oft' the divided circle. O is the battery. When the object of the experiment 
is to nu asurt.' the resistance of a given conductor, that conductor may be introduced in 
AJiv part of the circuit. 

Tho mode of comparing the electromotive forces of two voltaic batteries w as 
f.)llows :— Into the circuit of one of the l)atterics, a sufficient resistance is introduced 
hy file insertion of the rheostat wire — and, if necessary, of one or more reels of wire 
covered with silk, to reduce the dofiection of the galvanometer needle to a convenient 
aniouiit, say 4 5*^, — and a further resistance, measured by a certain length of the rheostat 
wire, is tlu ii introduced, sufficient to bring down the dellecdion, say to 40°. Let this# ' 
length he /, and lot the length of wire required in like manner to reduce the doflectioa 
of the needle by tho current of the second battery, also from 45° to 40° be T. Then 
the ratio ol the electromotive forces of the two batteries is determined by tho proportion 

0 l C ■■ i t 

For, u.sing the notation explained at page 469, let the quantity of electricity which 
produces tho deflection 45°, be then the quantity q' which produces tho de- 

Hoction 10° is ■ — ^ y Now let the ratio of the electromotive forces of the two bat- 
teries bo denoted by or, that is to say, e ^ ne. Then to enable tho second current fo 
produce the same deflection, 45°, as the first, its resistance must also be nr ; and when 
the deflection is reduced to 40°, by the’introduction of the length of the wire the force 

<^'f tills second battery will bo expressed by — ; but this must bo equal to — f 

nr + f * r + I 

vhich can only be the Case when T ■« or -^ « n ^ ; that is to say, the electro- 

jiiotive forces are as the resistances required to reduce tlie deflection by the same amount 
in the two cases. 

For example, three sim ple voltaic couples, differing only in the size of the plates, and 
e^h consisting of a liquid amalgam of zinc, placed in a porous cell within a vessel 
ed With solution of sulphate of copper, in which was also immersed a hollow cylinder 
0 copper, were successively placed in a circuit including a rheostat. All three re- 
Tured the same length of wire, viz. 30 turns of tho rheostat, to reduce their electro- 
^‘iguetic force from 45° to 40°. Nevertheless, one was 5 centimetres higli and 3*8 
cent, in diameter; the second 8*4 cent, high, and 3*8 cent, in diameter; and the third 
\ 8*4 cent, in diumetep. Hence the electromotive force U independent 

/ tx^t of surface in the couple, 

^ the compound battery, the same mode of experimenting shows that the eleetre* 

HH 
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motive force incrcaees proportionaliy to the numlier of 'j^tee, Thuf, in a * • 
formed successively of 1, 2, 8, 4, 6 couples, similar to the smallest of those 
mentioned, it was found that, to bring the deflection from 48® down to 400^ 
number of turns of the rheostat wire required, were, » 

For 1 2 3 4 5 couples 

30 61 91 120 150 turns. 

Hence, excepting the cases of 2 and 3 couples, which exhibit slight varij:fl.‘)n8 tli 
proportionality between the electromotive force and the number of pairs is eonipk*tel^ 
verified. e ‘y 

The rheostat is likewise easily applied to the measurement of the resistance olR^rcd I * 
different conductors to the passage of the current. Suppose that when the wire oftlii 
rheostat {fig. 4:55) is completely uncoiled from the wooden cylinder (the index tlioii staiuU 
ingat 0), the galvanometer shows a deflection of 46®. Tlien let a copper wire foiu y;ii>,ls 
long and ^th of an inch thick, be introduced into any part of the same circuit. TIip 
galvanometer-needle will tlien exhibit a smaller deflection, say 37®. On rcimovin r the 
wire, the galvanometer will again exhibit its former deflection of 46®. Now let. rhf* 
rheostat wire be coiled round' the wooden cylinder till the needle returns to 370 
suppose that to produce this effect twenty turns of the rhoostat-wire are noceswirv 
This length of the rheostat wire produces a resistance equal to that of the wire undl r 
examination. Next let a similar experiment be made with a wire of the same length 
but of twice the thickness, and consequently haidng a transverse section four limes as 
as that of the former. It will be found that five turns of the rheostat wire, or 
one-fourth of the former length, are sufficient to produce a resistance equal to that of 
the second wire. By experiments thus conducted, it is found that : The resistance of a 
wire or any other conductor of given length varies inversely as its transverse section. 
And' comparing this result with that which was established at page 464, we find that ; 
Conductors of the eanie material offer equal resistances, when their lengths are to one 
another in the same proportion as their transverse sections. 

The same law holds good for liquid conductors ; hence the resistance offered hy a 
liquid to the passage of the current may bo diminished by bringing the solid conductors 
or electrodes, which convey the current into the liquid, more closely together, or hy 
increasing their surface, and consequently the transverse section of the column of liquid. 

The resistance of metals to the electric current incr(*ases as they become hotter ; tluit 
of metalloids, acids, saline solutions, and compound bodies in general, both in the solid 
and in the li<^uid state, diminishes with rise of temperature. 

/ The following table exhibits the comparative resistances, at ordinary tempt'ratures, 
;;and for the same length and transverse section, of a ft^w of the bodies commonly 
used in electrical experfments. These resistiinces arc the rcciorocals of the con- 
ducting powers. 


Silver (chemically pure, very soft wire) 1*000 

Copper „ 10G5 

Copper, commercial (soft wire) 1-270 

Brass (wire) , 6*372 

Iron (soft, slightly elastic wire) 6*767 

Platinum wire 9*600 

German silver wire 12*400 

Mercury 29*238 

Sulphuric acid (specific gravity 1*2 to 1*36) 761,732*000 

Solution of sulphate of zinc, containing 38*68 p. c. of the crystal- 
lised salt 11,019,000*000 

Solution of sulphate of copper, containing 20*83 p. c. of the crys- 
tallised salt 14,809,000*000 


The resistance of distilled water is at least 700 times as great as that of dilute sul- 
phuric acid. 

The resistance of wires increases as they are harder and more brittle. (Handw. d. 
Chem. ii. [3] 729.) 

The conducting powers of bodies for electricity, are, of course, inversely as their re- 
sistances. Matthi ess en (Pogg. Ann. c. 178; Phil. Mag. [4] xiii. 81 ; Pogg. Ann. 
ciii. 428), has determined the conducting powers of metals, alloys, and a few other 
bodies, by means of an apparatus devised by Kirchhoffi and founded on the following 
principle, established by Wheatstone : Jf four wires are joined together in a qttad^ 
ranglCf the ends of one diagonal being connected with a voltaic battery, and those of the 
oth^ diagonal with a galvanometer, then the galvanometer will show no dtftecHon, 
vided the resistances of the four wires are proportional to one another. If then * w 
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, ^gi’stance of the wire to be determined, r that of a normal silver wire, a and b 
of two lengths of one and the same copper wire, the unknown resistance x will, 

under the circumstances just mentioned, bo determined by the equation 

The results obtained by this method are given in the following tal>le : — 

Conducting Powers of Metah^ &c. 


c;i«0p . , . 100 at O'^U. Antimony . 4*29 at 18*7°C. 

roDDcr* . . • ^7*43 „ 18*8 Mercury . . 1*63 „ 22*8 

. . . 6519 22-7 Bismuth . . 119 „ 13 8 

Sotlium . . . 37-43 „ 21*8 Alloy of bismuth) 

Aluminium . . 33*76 „ 19 6 32 pts., anti- [• 0*884 „ 24*0 

Zinc . • • 27*39 „ 17*6 mony 1 pt. .) 

Mftfirncsium • • 26*47 m 17*2 Alloy of 12 

C^iura . . . 22*14 „ 16*8 muth + 1 

Cadmium . . 22*10 „ 18*8 Alloy of 1 zincK 

Potassium . . 20*86 204 + 2 antimony »» 

Lithium . . . 19*00 „ 20*0 Graphite (greatest) 0*0693 „ 22*0 

jron . . • 14*44 „ 20*4 Graphite (least) . 0*00396 „ 22*0 

Palladium . . 12*64 „ 17*2 Gas-coke . . 0 0386 „ 26 0 

Tin. . . . 11*46 „ 21*0 Bunsen’s ^*^1-^00248 2«‘i 

Platinum. . • 10*53 .. 20*7 tery-eoke .{0 00246 „ 26 2 

Lead . . . 7-77 „ 17*3 Tellurium. . 0*000777 „ 19*6 

Nickel-silver . . 7*67 „ 18*7 Red Phosphorus 0*00000123,, 24*0 

»Sfroiitium . . 6*71 i, 20*0 

Jlore extended tables of the conducting powers of metals and alloys are giTen in 
Wiedemann’s vom Galvanismm und ElcciromagnetisniuSt i. 180. See also 

I lie article Metals, in this Dictionary. 

Matt liies son has also shown (Proc. Roy. Soc.xi. 616) that all pure metals in the 
fstilid sfiito vary in conducting power to tlio same extent between 0*^ and 100'^ 0. ; but 
that tho conducting power of a metal docs not vary in tho exact inverse ratio of tho 
i( mperaturo, as stated by Boe(]U(*rel and others; the resistance, A, of a metal at tho 
temperature t degrees being, in fact, expressed by tho equation : 

A « a? + + 7^*; 

where x is the resistance at 0® and y and y aro constants. 


Mercury . 
Bismuth . 

Alloy of bismuth) 
32 pts., anti- C 
mony 1 pt. .1 
Alloy of 12 bis-j 
muth + 1 tin) 
Alloy of 1 zinc? 

+ 2 antimony) 
Graphite (greatest) 
Graphite (least) . 
Gas-coke . 
Bunsen’s bat- ) 
tery-eoke . ) 
Tellurium . 

Red Phosphorus 


0*0693 

0*00396 

0*0386 


0*000777 , 

0*00000123, 


Heating Effects of the Electric Current. 

The continuous, as well as the sudden discharge of electricity, raises tho temperature 
of the conductors through wliich it passes ; tho plates and liquids of the battery, as 
wfill as tile connecting wires wliich close the circuit, and the electrolytes which aro 
»l>*iv>iri posed by the current, all beenmo heated in various degi'oes, acconling to tlieir 
61'«vitic heats and tho resistance which they offer to the passage of tlio current. 

The laws of the development of heat by the electric current have been examined 
chiefly by Lenz and Joule, who have arrived at nearly the 
fiame results. Lenz made use of tho a[)paratu8 represented ^^0' • 

in Ay. 457. A glass stopper h fixed in a board, is fitted by 
Rrindiiig into the mouth of a bottle, and raado air and water- 
tight by moans of a little grease. A brass clamp, not shown 
in the fljpire, serves to press the horizontal lip of the bottle 
tight against the board, so that it cannot be disturbed, even 
by riolent agitation of the apparatus. At the top of tho 
boUlo, there is an aperture for pouring in liquid and fixing 
ft thermometer by means of a cork. The stopper h is pierced 
^■jth two holes, through which are inserted thick platinum 
Fires connected by copper wires with the binding screws f s, 
and thence with the poles of a voltaic battery. Tho ends 
of these wires within the bottle are connected by a tliin 
platinum wire wound into a spiral. The vessel is nearly 
filled with a measured quantity of alcohol of 86 or 86 per 
Jpnt. ; water would conduct too well, and suffer decomposition 
fo a slight extent, yielding small quantities of gas. A tangent-compass and a rheostat are 
into the circuit, in order to measure and regulate the strength of the current, 
following table gives the results of sixteen experiments made with three wires 
^German silver of different tliicknesses, and with wires of platinum, iron, and copper, 

iiae the article Coppbb, p. 3!) of this Tolume. 

K H ‘i 
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The resistance of the spiral wire was determined removintt the apparatus fro 
circuit, and ascertaining the number of turns of the rheostat-uure requii^ to ^ 

into the circuit to bring the current to the same strengttu These resistances 
strength of the current, in the second column, are expressed in Jacobi’s uni fa i i® 
mentioned (pp. 462, 464) : — ^ 


No. of 
experi. 
nient. 

Nature of the wire. 

Strength of 
current. 

Time required to 
heat the spirit 1® R. 

Itcfistnnce of 
the wire. 

1 

Nickel silver, a 



6*93 

1-349 

93*50 

2' 

i» »» 



10*53 * 

0*571 

93-63 

3 

»» »» 



14*30 

0-300 

68*76 

4 

Nickel-silver, b 



10*53 

0*920 

58-64 

6 

ft ft 



14*30 

0-481 

69-01 

6 

ft ft 



18*32 

0-288 

60*16 

7 

If If 



14*30 

0*467 

44*59 

8 

Nickel-silver, o 



18*32 

0*384 

50*46 

9 

Platinum . 



22*69 

0*656 

51*41 

10 

It • • 



18*32 

0*325 

24*92 

11 

Iron 



22*69 

0*436 

13*90 

12 

Copper . 



18*32 

1*301 

13-90 

13 

II • • 



22*69 

0*836 

13-90 

14 

»i • • 



27*52 

0*576 

13*92 

16 

It • • 



32*98 

0*381 

14*01 

16 

ft • • 



27*52 

0*544 

14*31 


The quantity of spirit in the bottle was 90 grammes. 

Comparing now with ono another the experiments in which the strength of the cur» 
rent was the same, it appears that the product of the time t and the resistance / is a 
constant quantity. Thus: 

For the current 10*63. 


2. Kickol'Silver, a , 

4. II II 6 • • • . , 

For the current 14'30. 


1 1 = 63*46 
1 1 « 64*06 


3. Nickel-silveri a 

6. II }i 6 • • • • • , 

7. »i II 0 • • • , , 

9. Platinum 

For the current 18*32 

6. Nickel-silver, b 

9* 11 ^ ,, c • • • • • 

10. Platinum 

12. Copper 


tl « 2818 
1 1 *= 28*11 
1 1 « 27*49 
tl ^ 28*00 


tl » 16-99 
tl « 17*12 
tl « 16-71 
1 1 » 18-08 


For the current 22*69. 

11. Xron ••■••••( 
13. Copper 


1 1 ^ 10*84 
tl - 11-60 


These numbers show that, -with a given strength of current, the time of heating is 
inversely proportional to the resistance, or the heat evolved in a given time is directly 
proportional to the resistance, and otherwise independent of the nature of the metal. 

l^ondly, by comparing together the experiments made with the same wire and 
currents of dinerent strengths (a), it will be found that the product is nearly con* 
stant, thus : 


For the nickel-silver wire a. 


For the platinum wire. 


1 

• • 


. sH - 64-8 

9 

• • 

• 

. ft - 113-5 

2 

• • 

• 

. tH - 63-3 1 

10 

• • 

e 

. ft - 108-1 

a 

• • 

• 

. 61-8 


For the oopper wire. 


For the nickel-silver wire b. 

12 



. ft t. 436-6 

4 

• ■ 


. sH - 102*0 

13 



. ft . 429-0 

6 

• • 

• 

• » 98*4 

14 



. ft m A36-Ji 

e 

• • 

• 

. sH - 96*7 

16 




7 

• • 

• 

. sU ^ 93*6 

16 



. ft m 4ia-0 
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T# tnpe.v® these experiments, that the evolution of heat is proportional } 

To ^m reeistance ; 2. To the square of the strength of the current, 

^ These laws are the same as those demonstrated by Iliess for the heating of wires by 
the sudden discharge of electricity (p. 396). 

Further, as t is the lime in which, with the current s and the resistance /, a giyen 
mass of alcohol is heated 1° Reaumur, sHl will be the time required for heating the 
game mass of alcohol 1®R. by the unit of current force acting against the unit of re- 
gistuDce. Since, therefore, in all the preceding experiments, the quantity of alcohol was 
iiiarly the same, the product sHl ought to be nearly constant for all the numbers in 
tli<* preceding table, as in fact it is, the greatest and least values, being 6609 and 6069, 
and the mean 6866. 

Kow, the quantity of alcohol heated in the preceding experiments, together with 
that which would be equivalent (as regards specific heat) to the mass of glass heated 
at the same time, was 118 grammes. Hence the unit of current force passing through 
a wire, whose resistance is /, evolves heat sufficient to raise the temperature of 118 
grammes of the alcohol used, 1° R. in 6856 minutes. 

^ The specific heat of the alcohol (85 to 86 per cent.) is 0*7, so that 118 grammes 
of this alcohol require, to heat it tlirough a given range of temperature, as much 
heat as 118 x 0*7 = 82*6 grammes water. Consequently, the time required to heat 
1 gramme of water 1° R. by the unit of current force acting with the unit of resis- 
tance is : 

6856 , 

= 70*9 minutes ; 

82*6 

and for 1° Centigrade the time is : 

70*9 X 0*8 66*72 minutes; 

that is to say : When a current of the unit of strength passes through a wire whose re- 
mtance is equal to that of a copper wire 1 7netre long and 1 millimetre in diameter, it 
dm lopes a quantity of hat suficient to raise the temperature of 1 gramme of water, 
1^(1. in 56 J minutes; and assuming as the unit of heat the quantity required* to raise 
the ttimperuture of 1 gramme of water 1^ C., the result of the preceding experiments 
may be thus expressed: 

A current of tlte unit of strength, passing through a conductor which exerts the unit 
of rtmtance, dcvelopes therein 1*057 heat-u7iits in an hour, and 0*0176 heat-units in a 

minute. 

As the temperature of a metallic conductor rises under the influence of the electric 
ciirnmt, its resistance to the passage of the current increases (p. 466). Now this 
increase of resistance acts in two ways : first, by diminishing the strength of thocun'ent ; 
Fccondly, by increasing the heating effect of the electricity which actually passes, so 
that ultimately these eflfects balance one another. From the experiments of R o binson 
{Trans, of the Hoyal Irish Academy, xxii. [1] 8), it appears that the resistance gradually 
increases up to the melting-point of the wire, thfi increase being very nearly propor- 
tional to the temperature. 

Tlie effect of temperature on conducting power is strikingly shown by beating a 
long platinum wire to low redness by the current, and then plunging the middle part 
of it into cold water ; the extremities immediately become brightly incandescent. On 
the contrary, if one part of the wire be niised to a very high temperature by means 
of a spirit-lamp or blowpipe flame, the glow of the other part immediately diminishes 
in brightness. 

The heating of wires by the current is remarkably affected also by the cooling action 
of tile surrounding gaseous medium, A platinum wire is heated to redness mu^ more 
oasily in a vacuum than in air, and 

more easily in some gases than in Fig, 468. 

others, hydrogen exerting the great- 
est cooling effect, and nitrogen the 
icMxt. But further, this abstraction 
of heat from the wire by a gas, not 
j*oiy lowers its actual temperature, 
t'ut at the same time diminishes the 
resistance which it offers to the pas- 
of the current, and therefore 
"SO the quantity of heat actually 
developed in it. This is strikingly 
finown by the following experiments of Grove, 

J wo glass tubes Qig, 468) closed at both ends with corks, and having spirals of 
platuium within them attached to thick copper wii’es passing through the corks, 
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are filled, one with hydrogen, the other with oxygen, Md immersed in glass trourfia 
containing equal quantities of water, thermometers A, B, being immersed in the water 
to measure the temperature. On sending the current of an eight-pair Grore’s battery 
through the wires, that in the oxygen-tube is heated to whiteness, while the one in 
the hydrogen-tubo scarcely exhibits a risible glow. Moreover, the temperature of the 
water in the two vessels rises very unequally; that which contains the oxygen-tube 
rising from 16*6° to 27*2® C. while that Which contains the hydrogen-tube naes only 
from to 21°. The following table shows the rise of temperature produced in 
the water when the platinum-wire is surrounded ^th different gases, associated in 
each case with a similar platinum wire surrounded with hydrogen : — 


Hydrogen 
Sulphydric acid . 
Ethylene . 
Carbonic unhydrido 
Carbonic oxide . 
Oxygen . 
Nitrogen . 


6-60 

6*0 

92 

ll'O 

11*0 

11- 7 

12 - 0 


That the differences are really due to the increased conducting power of the wire 
resulting from the cooling, is shown by placing a voltameter in the same circuit with a 
platinum wire immersed successively in each gas. The following table gives the rosulta 
obtained by Grove : — 


Gas surrounding 
the vire. 

Hydrogen . 
Ethylene . 
Carbonic anhydride 
Carbonic oxide . 
Oxygen 
Nitrogen . 


Quantity qf detonating 
gas evolved ftcr minute. 
. 138'6 
. 1260 
. 118-8 
. 118-8 
. 117*0 
. 116-0 


The order of the gases in this table is the same as in the preceding. 

The development of heat in liquids by the electric current is regulated by the samo 
laws as ill metals, the quantity of heat evolved in a given time being proportional to 
the resistance of the Uquid, and to the square of the strength of tlie current (-h. Boc- 
querel, Ann. Ch. Phys. [3] ix, 21). Moreover, Joule has shown (Phil. Mag. [3] xi*. 
210) that the evolution of neat in each couple of the voltaic battery is subject to tlie 
same law, which therefore holds good in every part of the circuit, and therefore also 
for the entire circuit, including the battery. ^ ^ ^ i j • n 

With a current of given strength, the sum of the quantities of heat evolved in the 
battery, and in the metallic conductor joining its poles, is constant, the heat actually 
developed in the one part or the other, varying according to tho thickness of the me- 
taUic conductor. This was first shown by He la JRivo, and has been confirmed ny 
Eavre (Ann. Ch. Phys. [3] xl. 393). Ho la Rivo made use of a couple consisting oI 
platinum and distilled zinc, or cadmium, excited by pure and very strong nitnc acicl, the 
two metals being united by a platinum wire, more or less thick, which was plunged into 
tho same quantity of strong nitric acid contained in a capsule similar to that which 
held tho voltaic couple. By observing the temperatures in the two vessels by deUcaw 
thermometers, the sum of these temperatures was found to be constant, the one or the 


other being greater, according to the thickness of tho connecting wire. 

Favre, by means of a calorimeter, similar to that which housed in his expenments on 
the development of heat by chemical action (see Heat), has shown that, in 
sisting of zinc and platinum, excited by dilute sulphuric acid and connected by platinum 
wires of various length and thickness, forevery 33 grammes of zinc dissolved, a quantity 
of heat is developed in the entire circuit, equal to 18,137 heat-units (the unit of nea 
being the quantity required to raise 1 gramme of water from 0® to 1° C.), but variously 
distributed between tho battery-celP and the wire, according to the thickness oi w 
latter. Now this quantity of heat is nearly the same as that which is evolved m w 
simple solution of 33 grammes of zinc in mlute sulphuric acid, without the forma^ 
of a voltaic circuit, viz. 18,444 units. Hence Favre concludes that the 
by the resistance of a metallic or other conductor connecting the poles of 
is simply Iwrrowed from the total quantity of heat <^-olved by the chemical a^on 
taking place in the battery, and is rigorously complementary to that which remains m 
‘ cells of the battery, the heat evolved in the entire circuit being the exact eqmw 
; of the chemical action which takes place. If any external work is performea PJ 


the 

lent 


the current, such as electrolysis or m^anical work, us by an electromagnetic engine 
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1 . f flvolvod in the circuit is dimlniehed by the heat-equivalent of the deoompofii- 
[i’l work done. (Favre, Compt. rend. xlv. 66.) 

Light pbodIjobd by thb Electric Current, 

T1 e dosing and interruption of the voltaic circuit are attended with the production 
f « .arks. With a single pair of plates, however, the spark, unless assisted by the 
f mutiou of induced cuiTcnts (p. 452), or by the combustion of the metallic surfaces 
, hve<'n whicii it passes, is scarcely perceptible. Thus, when two short wires attached to 
lu* idatrs of a single voltaic couple are brought together, only a very faint spark is pro- 
!im til, citlier on making or on breaking contact ; but if the same plates are connected 
i,v a long copper wire formed into spiral, the spark is much brighter, especially on 
tn akiag contact, because the induced current then coincides in direction with tho 
lirinwry^currcnt. A still higher exaltation of tho effect is produced on placing a bar 
i.r iron within the coil. When a cup containing mercury is fixed on one of tho plates, 
and A wire attached to the other is brought down to the surface, a bright spark is pro 
iliiecd, the light being probably intensified by the combustion of tlie mercury, 

A compound battery of four or more couples gives a spark between the connecting 
vires without any of the means of assistance just mentioned; but, unless the number 
j.latcs is f('ry largo indeed, the spark does not strike through a perceptible distance 
likr that of the elec‘trical machine or the induction coil. Jacobi found that the poles 
of a 12 -] lair Grove’s battery did not give a spark, even at the distance of 0*00006 of an 
ini h. (lassiot’s water-battery of 3520 pairs well insulated (p. 422), gave sparks when 
thi distance between its polar wires was reduced to 0*02 inch, the spark discharge 
p>iiig on without interruption for five wec'ks. In all ordinary eases, tlie light of the spark 
jModiu'cd l>y tlui battery appears to arise in great part from ignition, fusion, or combus- 
lii>ii of the metallic surfaces. 

The most brilliant manifestation of voltaic light is that wbicli is produced when tho 
ilisoliargc takes place between two pointed pieces of charcoal. The liglit is white and 
ti:i//.ling, and when produced by a powerful current, such as that of a Bunsen’s battery 
i f HI or 5i) cells, has a brilliancy which the eye cannot endure. With such a battery, 
tlic charcoal points, after liaving been brought in contact, may be separated to some 
tli'-taiKV from one another without interrupting tho current, the discharge then assum- 
ing the form of a splendid arch of light. This phenomenon takes place in a vacuum as 
vi ll as in air, ami even with greater regularity in the former case, because the ex- 
in iniii«?s of tlie charcoal terminals do not then burn away. 

The liglit of the voltaic arc is due, partly to the electric light itself, partly to the in- 
ciiinh seeiiLO of the charcoal terminals, partly to tho transport of small particles of car- 
l I'll from tlie positive to tho negative polo. By projecting the image of tho poles 
‘luring the passage of the current, on a screen by means of a system of lenses, this 
triiiisf iviicc of particles may be distinctly seen, the positive terminal being gradually 
( iiti'ii away, while the negative terminal seems to grow. With the softer kinds of 
rliiircoal this transference takes place more easily than with hard charcoal ; soft charcoal 
f^ives thiTefore a longer arc; hard charcoal is, however, usually preferred for producing 
tiif light, because the continual alteration in tho terminals interferes greatly with the 
of the light. 

Ihc tran.sferenco of matter takes place between metal terminals as well as with char- 
coal, tlie more fusible or oxidable metals, zinc and iron for example, exhibiting it 
iiiorc i‘H.sily than tho more refractory or less oxidable, such as platinum or silver; hence 
too arc may also be produced with metals, but it is then much shorter. In almost all 
the transference of matter is from the positive to the negative pole, and when tho 
(liscliarge takes place between oxidable metals in the air, the transferred matter always 
r(in.<ists of the oxidisetl metal of the positive terminaL The same transference of 
mat tep takc.s in the ordinaiy electric spark, as ol)served long ago by Fusini^ri. 

Iho intensity of the light of the voltaic arc has been examined by Casselmann 
Ann. Ixiii. 676). The charcoal terminals were formed of hard Bunsen’s char- 
(■u;U (i. 7 p,()j saturated with various solutions, nitrate of strontium, boric acid, &c., and 
then r<‘-ignited. Tho terminals thus prepared gave a very steady arch of light, 
'iuiously coloured, according to the substance with which the charcoal was impre.g- 
and continuing (with a battery of 44 Bunsen’s cells) till the points were sepa- 
rutt'd by an interval of 7 or 8 mm., whereas the unsteady arc produced with crude 
cnarcoal did not pass over a space exceeding 6 mm. 

t f/ 1 table exhibits the intensity of light of the glowing charcoal points, 

.‘'get her with that of the luminous arch, compared with that of a stearine candle, and 
iustance, when the terminals were voiy close, and when they were separated 
•I'' far as [lossible^ The strength of the current., measured by a tangent-compass, is 
ppiv.Hsed in chemical units (p. 462), The light Vas measured by a Bunsen’s pho- 
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These numbers show that both the strength of the current and the intensity of tho 
light diminish as the distance between the terminals is increased, 

Trom the experiments of Fizeau and Foucault, it appears that the intensity of 
the voltaic arc of a 46-pair Bunsen’s battery is thirty-four times as great as that of 
the oxy-hydrogen lime-light. 

The great intensity of the voltaic light has led to various attempts to adapt it to tho 
purposes of illumination. There is, however, considerable difficulty in obtaining a steady 
light, because, as already obsen'ed, the charcoal terminals are continually burning 
away, and their shape is constantly vaiying, in consequence of the transference of par- 
tides from one to tho other. Unless, therefore, some means are provided for maintain- 
ing a constant distance between thorn, tlie light continually varies in intensity, and 
sometimes goes out altogether. The most effectual arrangement for this purpose is that 
adopted byDuboscq in his electric lamp, for a description and figure of which, sco 
J}fi la Bivens Traitk^ ii. 26, or lire's dictionary of Arts ^ Manufactures^ and Mhiesf^S.. H7. 
This apparatus is admirably adapted for optical purposes, for exhibiting effects of re- 
fraction, dispersion, polarisation, &c., for throwing images of various objeerts on a 
screen, and for certain theatrical effects where a strong beam of light is required; hut for 
general purposes of illumination^ where a number of small lights are required, rather 
than one very strong light, tho electric light does not appear to be very well adapted, 
because every break in the circuit increases enormously tho battery power required to 
overcome the resistance, 

Mr. Way has obtained a veiy bright light by passing tho electric current along a 
stream of mercury. The light is produced by the incandescence of the mercury 
vapour; it has a somewhat flickering character, and a decided greenish tinge. 

The magneto-electric light has also been applied to the purpose of illiirainatioii, a 
number of soft iron keepers carrying coils of wire being made to revolve, by si emu 
power, in front of a series -of magnetic poles. An apparatus of this kind was tried at 
the South Foreland Lighthouse for a year, with very good results, as regards the in- 
tensity and steadiness of the light. 

The stratification of the electric light in highly-rarefied gases has been already 
mentioped (p. 3Q1). This phenomenon, first observed with the discharge of the in- 
duction-coil, has been shown by Mr. Gassiottobe likewise produced by tho discharge 
from the conductor of an electrical machine or from a Leyden jar, and by that of a 
voltu^ic battery consisting of a large number of cells, such as Gussiot’s water battery, 
or a Grove’s battery of 400 cells well insulated, so as to obtain high tension at tho 
poles. It is therefore wholly independent of the peculiar conditions of the induction 
apparatus. In short, the stratifications are produced, whether the discharge is con- 
tinuous, like that of the voltaic battciy under ordinarjr circumstances, or intermittent 
like that of the water battery, or that of the nitric acid batt<»iy just mentioned, when 
a small interruption is made in the circuit, so as to give rise to the passage of sparks ; 
but they are much more brilliant with the (apparently^ continuous than with the in- 
tcrm'ittent discharge, because the action of the buttery is much more energetic in the 
former case. Mr. Gassiot regards the stratified discharge as arising, in all cases, from 
the impulses of a force acting on highly-attenuated but resisting media, and thenca 
concludes that the discharge of the voltaic battery, under eveiy condition, is not con- 
tinuQua but intermittent, consisting of a series of pulsations or vibrations of greater 
or less velocity, aocordipg to the resistance in the metallic and electrolytic .elemente oi 
the battery, and the conducting raf^lia through which the discboige passes. (Proc. Roy* 
Soc. X. 393 ; xii. 629.) 

The voltaic arc and tho streams of electric light produced in rarefied gases, are 
deflected by the magnet, like a wii*e conveying a current of electricity, floipo very 
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•pmafkaWe phenomena are exhibited when the pole of a macnet is held near the me- 
tallic terminals in an exhausted tulw through which the discharge is passing, the 

mjent being sometimes wmpletely interrupted, as if the luminous stream had been 
Jrjven away from the terminal, and thus the continuity of the circuit broken, (Proc. 

Soc. ix. 146, 604; x. 209.) 

Physiological Action of tub Elhctric Cuebbnt: Animal Elbotbicitt. 

General Law of Nervous Excitation by the Electric Current , voltaic battery of a 
moderate number of pairs, gives a shock at the moment when the circuit is completed 
l)V toncliing the two poles with the hands, and likewise on interrupting the circuit ; but 
the continuous passage of a current of constant strength does not produce any nervous 
agitation. . » • 

Por more delicate observations on the physiological action of electricity, the limbs 
of a recently killed frog are used, 

prepared as in Gnlvaui's original Ety. 469. 

('ipcriment (p. 415), by cutting 
through the spinal column, leaving 
three or four vertebrae, then 
Ptripping off the skin, and leaving 
the lower extremities suspended 
l,y the lumbup nerves, as in 
fj. 459. Sometimes only one of 
tiic legs is nsed, with a consi- 
dcralile length of the lumbar nerve 
jittached to it, and without the 
v*‘rtehrje. Such a preparation, 
which gives exceedingly delicate 
indications of the presence of an 
t’lcctnc current, is called a galva- 
Tioscopic or rheoscopic limb. 

In the rluMjscopic limb, as in the 
hirninn body, the contractions are 
jiroduci'd at the closing and open- 
ing of t]i(5 circuit, or generally on 
the oeciUTenco of any variation in 
\hc strength of the cm*ent, but not while it continues of constant strength. In this 
respect the pby.siological action of the current resembles its inductive action (p. 451), 
Ihe nervous agitation produced by a current of given strength is greater in i^ropor- 
ti'in as the variations in its strength tike place more quickly ; hence the discharge of 
H jar, even if of small dimensions, produces a very violent shock, the current, 
fliongi very small in quantity, passing through all its variatious, from the comraence- 
nictit to Its maximum strength, and down again to its termination, in a time inap- 
preciably small, ^ 

Ihe preci’ding observations must, however, be understood as applying only to the ao- 
lon ot the current on the motor nerves; for the nerves of sen.sation are affected by the 
wnimioiis current^ as well as by the sudden discharge; a peculiar sensation is ex- 
pe enced when the current of a voltaic battery of a considerable number of pairs ia 

Fiy. 460. 



* s, current^ even of a single pair, produces 

Ihe sltin 0* smarting when it passes over any part of the surface from whicii 

^ w abraded. The effect on the nerves of sensation, like that on the nerves of 
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motion, is. howeTer, much greater at the commencement and cessation of the earfa 
than during its continuance. Wnt 

Becently-prepared fix>g^s legs, which are very excitable, exhibit equally stroue convTii 
sious, both at the opening and closing of the circuity in whicheyer direction the curr ♦ 
is sent through them ; but as the excitability becomes less, this equality no longer exi t 
and Du Bois-Key m o nd has shown, that> with a medium degree of excitability in th* 
prepared frog’s limb, the contractions are stronger at the clc^n^ of the circuit, 
the positive current passes firom the origin of the nerves to their ramifications, and at 
the opening of the circuit, when the current is in the contrary toection. This mav 
be shown by immersing the two legs of the frog in separate glasses of salt wat^r con- 
nected with the poles of a battery, as in Jig. 460, so that tlie +^may pass up one 
leg and down the other ; it will then bo found that the leg in the cup connected with 
tlift negative polo exhibits convulsions at the closing of the circuit and the other at tlie 
opening. 

Tlie nXtiaoiilar Current. The rhcoscopic limb may be made to exhibit convul- 
sions without the action of any external source of electricity. Gal van i, who first 
obsen^ed the contractions produced on touching the nerves of the limb with a copper, 
and the muscles with an iron rod, the two metals being in contact, attributed the t 
to a peculiar fluid which he supposed to pivss through the limb from the nerves to tho 
muscles. Volta, however, showed that an essential condition to the production of th« 
powerful contractions observed by Galvani, w'as the presence of two metals in the 
circuit, and ho attributed the entire effect to electricity developed at the point of oon- 
tact of the dissimilar metals (p. 415). The invention of tho pile, to which this theory 
Uul him, and the splendid series of discoveries thence resulting, diverted attention for 
H considerable time from the original phenomenon. Galvani, however, retained liii) 
original view, and succeeded in showing, that tlie prepared frog’s limbs, wlitni very 
excitable, that is to say, soon after separation from the living body, exliibit llio con- 
tractions, not only when tho nerves and muscles are connected by a horaogenmis 
metallic wire, but even without any metal at all, namely, by simply bringing the ex- 
tremities of tho lumbar nerves in contact with the muscles of the log or foot 

The contractions may also bo produced by dipping the fl’et into a vessel contninlng 
salt water, the vertebral column into another vessel of salt water placed by tlio side df 
it and connecting tho two portions of liquid by moans of a bundle of moistened cotton 
threads ; tlie limbs exhibit convulsions every time the circuit is completed or broken. 

If tho two vessels arc connected by dipping into thorn platinum plates attached U> 
tho coil of a very delicate galvanometer, tho needle exhibits a deflection, indicating 
tho existence of a current from tho feet towards tho head. This was first shown by 
Nobili; and Matteucci afterwards found that an equally strong current is nroducwl, 
when, instead of the prepared limbs, the entire body of a frog, recently killod ana skinned, 
is placed between the two glasses, with tlie head in one and the feet in the other, tho 
current always passing in the body of tho frog from tlie foot to the heafl. With tho 
galvanoscopic limb, a current is obtained still in tho same direction, when the l(?g is 
iminoTsed in one vessel and the thigh in the other. 

As the saline solutions may act cheiniciilly on tho animal fluids, and thus genemto 
currents which interfere with the true muscular and nervous currents, it is necessary, 
in the more delicate investigations relating to animal electricity, to make use of appa- 

Kitus in which tho direct contact of tho nerves 


Fig. 461. and muscles with these solutions is avoidwL 

Such is tho contrivance adopted by Du Bois- 
Keymond {Unterswhungen uher thieri«i'he 
Fleciru'itat^ Berlin, 1848 and 1849; Ann. Cb 
Phys. [3] XXX. 119, 178; xxxix. 114), which 
consists in laying the nerve or muscle between 
, two pads, composed of a great number of layers 
- of thin filtering paper, saturattHl with the salino 
solution, and laid over the edges of the vessels ui 
which the platinum terminSs of the galvano' 
meter are immersed, the animal substance no^ 
however, being in direct contact with the 
moistened paper, but separated from it * 
small piece of moistened bladder soaked in white of egg : this prevents any chemicm 
action between the saline solution and the animal fluids, -but does not stop the 
During the intervals betw'een the experiments, the two pads are connected by a ww 
AS shown in the figure, the object of thi.s connection being to keep the circuit cloW 
and allow ahy polarisation of the platinum plates that may have taken phw® ” 
Dcurniiiso itsolfL ^ . -d Soa 

A hotter mode of experiraonting, however, is that of IMtattoacci (Proc. Boy. 
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nses, aa extremitioB of galvanometei*, plates of amalgamated zinc, 
^ ^ ened in a iK'ntral saturated solution of sulphate of zinc. This liquid possesses 
at conducting power, but does not act chemically on the animal tissue; the appa- 
is also quite free from secondary polarity. 

” the mode of experimenting above described, the following facts have been estab- 

^l^^Whcn a muscle having two membranous terminations is laid between the con» 
ducting pa^» as in 462, no current is produced ; but if the muscle is placed as in 

Fig, 463 . 

Fig, 462 . ^ 

/yf. 463, ^Tth one of its extremities in contact with ono pad, and its red muscular sur- 
’fu*o with the other, a very strong current is produccil, passing through the muscle 
fiMin the tendinous extremity, a, to the {x>int of contact of tlie muscular flesh with tlm 
If tlie muscle be. removed, the circuit completed by the connecting pjul, so as to 
destroy the polarity of tho plates, the connecting pad then removed, and the position 


^ 64 . p- 



i*f tho muscle reversed as in^. 464, the direction of tho current is reversed, that is 
f " '^ay, it is still from tho tendinous extremity />, to the touched point of the muscular 

1 If I ho Ttnisclo bo cut transversely and then placed between the pads, so that tho 
• If sii place, is in contact with one, and a point of the outer surface witli tho other 
..‘7. 105), Iho current passes from a through the muscle towards the latter point. 

I lie artiticiiil tnin.sverso section of the miisclo plays, therefore, the same part as the 
cnliiious extremity; in fact, this extremity may be regarded as a natural tmnsverso 
>" lion, covered with a neutral substance, tho ten’don, which acts merely as a conductor. 

1 It the nuisclo be tom in the direction of the fibres, an urt.ifi(Hal longitudinal 
''•ijoii is obtained, which acts just like tho natural lateral surface of the muscles, or 
iifiiral longitudinal section. 

^eso results load to the following general law of the direction of tliemiLMCular curnmt, 
iheloujitudinal section^ natural or artificial^ of a muscle^ is pomtive to Us natural 
rarfificial transverse section. 

This law of the muscular current is not confined to any particular class of animals, 
’ll extends throughout the animal kingdom. Du Bois-Reymond has observed H in 
ic nnuidcs of man, of the rabbit, guinea-pig, mouse, dove, sparrow, tortoise, lizard, 

* IT, blind-worm, many kinds of frog and toad, the earth- ana water-salamander, the 
ivjT'Cral), and tho common earth-worm. 

)t further shown that currents exist between different points of the 

'1(1 udinal section, either natural or artificial, any point in such longitudinal section 
n'he respect to any other point farther than itself from the extremity 

points of any transverse section are negative to those situated beyond 

existing between different points of the same section, longitudinal or 
longitudinal* very feeble in comparison with those between a transverse and 

hlW 1”' ©very fragment of a muscle, however small, exhibits currents 

re H 7^ / same general law. Hence it may be inferred that the muscular currents 
lif'orv those to which the effects of magnetism are attributed in Ampere’s 

muscular currents really form closed circuits, and the currents 
y observed in experiments like those ab^e described, are merely derived currents, 
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obtained hw diverting a portion of the principri cnrrent through a neiff^lK^ • 
ductor, and probably very greatly inferior in intensity to the primitive 
The strength of the muscnlar current is greater in proportmn as the mn ^ \ 
exert a stronger mechanical power, whether voluntary or involuntary TDn B ^ 
mon d). According to Ma tteucci (Proc. Roy. Soc. viii. 209), the electromnr^*^^^^* 
of a muscle is independent of the surface of its transverse section, but 
length of the muscle. It is greater in mammals and birds than in fish or 
The nerves have no direct influence on the electromotive force of muscles 
causes which exert an influence on the physical structure and chemical comWr 
muscles, so as to modify their irritability or contractility, act equally on electro! 

I maximum electromotive force of thp 


motive power. (Matte ucci, loc, cit.) 
According to J. Regnauld, the i 



the same unit, the electromotive force of the gastro-cnemiua of the rabbit is betJ^n « 
and 7, that of the biceps between 5 and 6. ” 


The electromotive power of the muscles diminishes after death at the same rate as 
the irritiibility, and when the rigidity of death sets in, the muscular current ceases 
altogether, and cannot be renewed by any means whatever. It is therefore esacntiallv 
a vital phenomenon. ^ 

A muscle during contraction exhibits an electric current in the same direction as 
when it is in the uncontracted state, but the current is much weaker. (DuBoia- 
Rcymond, Matteucci.) 


Tbe ITervous Current. By operating with the sciatic nerve of a frog in the 
same manner as in the experiments with muscle above described, placing a transverse 
section in contact with one of the pads of Altering paper, and a point of the lateral 
surface with the other, a strong current is obtained, passing from the transverse section 
through the nerve to the touched point of the lateral surface. 

Generally, tlio nervous current is subject to the same laws as the muscular current; 
tlie nerves may therefore bo supposed to be the seat of a number of closed molecular 
currents, of which the currents actually indicated by the multiplier are merely derived 
portions, greatly inferior in strength to the nervous currents themselves. 

When an electric current from a voltaic couple is passed along any portion of s 
nerve, the ncri’O begins to act electromotivcly at all its points, independently of its 
ordinary electric state, tlio direction of the currents thus produced coinciding with 
that of the exciting current. This is called the electro -tonic state of the 
nerve. 

When, on the contrary, the nerve is tetanised, by the passage of momentary 
currents through it in opposite directions, as from an induction-coil, the ordinary nervoun 
cuiTcnt is weakened, hkc5 the muscular current under similar circumstances. 

For further 4rtails on the muscular and nervous currents, see Muller Lchrhu^h dir 
Physiky ii. 410-432. — Dc la Rive, Traite iii. l-Ol. — Matteucci, Aim. Ch. Phys. [2] 
Ivi. 429 ; Ixviii. 93, [3] vi. 30; viii. 309 ; xv. 64 ; xviii. 109 ; xxiii. 230 ; PhiL Trans. 
1847-1860 Proc. Koy. Soc. viii. 209 ; x. 344. — C. B. Radcliffe, ix.690;x 
347. A 

Xleota^o Visiles. There are certain fishes provided with peculiar organs, in which 
electricity is developed with such intensity as to give powerful shocks and exhibit 
various other signs of electric action, such as attraction and repulsion, the spark, 
magnetisation of steel, Ac. 

The Ashes in which this power is known to reside, are the ToTwdo or Mectric 
found in the Mediterranean and in the Atlantic, rarely in the Nortn Sea ; the CrymnotM 
eketrioua or Surinam Eely found in the lakes and rivers of South America, especially 
in Guiana; and the Silurus dectricuSy found in the Nile, Niger, and other African rivers. 
Besides these, the Jihinohatua dcctrwusy Tetraodon electriettSy and Trichiurm tlcctricuSy 
are said to possess similar powers, but the statements respecting them are somewhat 
va^o and require confirmation. 

The torpedo has long been known to possess the power of giving riiocka; but the 
electric character of this power was first pointed out by Muschenbroek, and further 
established by Br. John Davy, who obtained a deflection of a galvanometer needle by 
bringing the extremities of the coil, furnished with platinum plates, in contact wilh 
the back and front of the fish, and magnetised a steel needle by placing it in a helixt 
ends which were made to touch the fish in a similar mapner. He likewiw 

succeeded decomposing water by the same current, and proved, by the manner i® 

which this decomposition took place, as well as by the magnetic phenomena, that tiK 
ttpl>er or back enrikee of the torpedo is positive, the lower negative. These reeuW 
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ertnfirmed by Becquerel and Breschet, and farther by Matt«ncci and Idnarl The 
first obtained a spark from the torpedo by bringing an iron wire touching one 
of the fish in contact with a cup of mercury connected with the opposite surface ; 
r li^wise obtained an induction-spark by passing the discharge from the fish through 
eleetn>*dynamic helix. Matteucci afterwards obtained a spark and efifecta of 
“tniHion, by placing a torpedo j'uat t^en out 

of the water between two metalhc plates {fig, 

466) the lower supported on glass legs, the 
m^r provided with an insulating handle, and 
lith having attached to thena metallic rods, 
terminating in balls AB, to which gold leaves 
wert' attached. On gently inoving the upper 
plate, so as to irritate the animal a little, the 
goW leaves moved together, and a bright spark 
passed between them. 

In the gymnotus, the direction of the 
ek'rtric discharge is from the head through an 
external conductor to the tail, the head being 
the positive extremity. When the fish bends 
ifa long body into a curve, the water included 
in the curve is traversed by a number of elec- 
tric currents, which kill any small fishes that may be in their way. Faraday showed 
that the electric current from the gymnotus is capable of decomposing iodide of potas- 
Fium, magnetising steel needles, and producing an induction spark ; and Schdnbein, by 
connecting two strips of gold leaf, one with the head, the other with the tail of the fisli, 
obfained vivid sparks, attended with combustion of the gold. 

The shock given by the gymnotus is much more powerful than that of the tor- 
pi lo ; indeed, when the fish is in full vigour in its native element, it is capable of 
killing large animals. Tlie discharge from both these fishes is of high intensily, 
like that of a Leyden jar, and will give a shock to a chain of several persons jedning 
Lands. 

The power of all the electrical fishes resides in peculiar organs, bearing a general 
resemblance to a voltaic pile. In the torpedo, the electrical organ, situated between 
tile jx'ctouil fins, the head, and the gills, is formed of a number of small membranous 
tulvs, A, B {fig. 467), passing perpendicularly from front to back of the fish, pressetl to- 
pether like the cells of a honey-coml), and divided by transverse diaphragms into a great 
iimiibcr of small colls, which are filled with an albuminous liquid salt W'al er and A 
allmimm). There are about 940 of these tubes, each divided into 2000 cells, ana 
the o^'an is traversed throughout by numerous ramifications of nerves proceeding from 
the eighth pair. The direction of the tubes is in accordance with the opposite polari- 
ties of the tw'o flat surfaces of the fish, 

467 Ftg, 468. Fig. 




Inthe gymnotus, the electric organ(flg. 468) is of similar construction; but the tubes 
and directed parallel to the axis of the fish. The transverse diaphragms, 

I n, which are perpendicular to the length of the animal, consists of two solid membranes 
^ coiifact* oJie having a cellular structure, the other composed of 
^uute fibres. There are also two liquids— one the evb*cellvlar liquid^ contained 
^ ween the two membi^es just mentioned, the other, the eu^r^UtUar liquid,^ 
ween two successive diaphr^ms. Pacini, to whom the anatomical examinatioh^ojf 
oj^an 18 due, compares it with the voltaic battery of one metal and^^ivo liqidi^' 
• action taking place between the cellular substance afid rilb-cellular 

Oi the supor-cellular Uquid acting merely as a conductor, andl^he ^^us substanoe 
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fiS the poMda cell The fibrous substance in each coll ia^ituated towards the b 4 
theanimalf so that this mode of action is in acwrdaiice with the direction*^^*’^ 
positive current in the body of the fish from the tail to the head. ^ 

The electric^ organ of the eilurua is composed of small membranes i? 2? 4/5 

crossing one another in various directions, and forming a number of octaheffl r 
each having the capacity of about a cubic millimetre, and filled with an alhnini ** 
hquid. The whole forms a spongy mass just beneath the skin, and envelopes*??* 
whole body like a sac, excepting the muzzle and the fins. It is separated W Ji 
body of the fish EEhya tliick layer of fat I>D, which, being a nonconductor appci l! 
to be designed to protect the animal from the effecte of its own electricity. ' 

In all the electric fishes, the action of the electric organ is to a considerable exteut 
under the control of the will, and its exertion is attended with exhaustion of aer- 
vous energy, the animal, after giving repeated shocks, requiring rest and good nouriKh^ 
ment to restore its electric power. But the recent experiments of Matte ucci (Pro<' 
■^y. Soc. X. 676) on the toi^odo, have shown that the electric organ is not entirely 
under the control of the will, but is always charged, and that, round the body of th« 
torpedo, and of every other electric fish, there is a continual circulation of electricity 
in the liquid medium in which the animal is immersed. In ftict, when tho electri!: 
organ, or even a fragment of it, is removed from the living fish and placed between the 
ends of a galvanometer, the needle remains deflected at a constant angle for 20 or 30 
hoars, or even longer. 

The electric organ, or a portion of it detached from the fish and kept at tho freezin|» 
temperature, preserves its electromotive power for six, or even eight days ; anil 
an organ which has been kept for 24 hours in a vessel surrounded with a mixtun^of 
ice and salt, is found to possess an electromotive power as great as that of the orjjni 
recently detached fi-om the living fish. Thus the electric organ retains its functional 
activity long after ners’-ous and muscular excitability have been extinguished, 
teucci has also shown that the electric organ may be excited by mechanical irritAtion, 
independently of nervous influence; that influence, however, renews and renders per- 
sistent the activity of the apparatus. The discharge, which is only a state of teraponiry 
activity of the organ, is brought on by an act of the will of the living animal, or l»y 
tho excitation of the nerves of tho organ. 

Development of Elbctricitt in Plants. 

Tho electric relations of the different parts of a living plant have been examined W 
Pouillet, Riess, Becquerel, and Wartmann, without any very definite results. Th»' 
most complete experiments on the subject are those of Buff (Ann. Ch. Pliys. [!!) xli. 
198), who has shown, that the roots and all the internal parts of plants, ivkirh f/r. 
filM with vegetable juices, are negative with regard to the Tnore or less humid snrjarcj 
the leaves, flowers, fruit, and young branches. 

The origin of tins phononu'noii is easily traced. The interior of tho plant coutaiin 
juices of various nature, which cannot pjiss through the epidermis, whereas that rm ni- 
lirane is alw’ays impregnated to a certain extent with tho moisture of the air. llu'W 
are then in contact, a membrane impregnated with water, and vegetable organs cont.-nn- 
ing liquids of various nature ; if, then, a closed circuit be formed between the two, a 
current must necossarily be produced; this current has, however, only a very distant 
and indirect relation with the phenomena of vcgc‘tation. 

So far, indeed, as observations have yet gone, it does not appear that living planta 
exhibit an electric state analogous to that which has been shown to exist in the neryos 
and muscles of animals, all tho signs of electricity observed in them being attnbutalue 
to ordinal^ chemical reactions, and in some cases perhaps to the electricity of the atmo- 
Sphero. (De la Rive, Traite, iii. 82 — 88.) 

SUCTMOXTT, /kTMOSFBSSXC. The atmosphere exhibits signs of clc^ 
tricity in its normal state as well as during storms. A gold-loaf electroscope connect* ^ 
witli un insulated pointed metal rod projecting into tho air, gives almost constant in- 
dications of riloctric charge, the kind and degree of which vaiy with tho state of ® 
Atifiosphcre^ and the height above the surface of the earth at which the eloctncity 

collected. 1, m is 

When the sky is quite cloudless and the air dry, the electricity of the atmospOWB 
always positive, the intensity increasing regularly with the altitude abo^ the 
where it is nothing.A^t any given altitude, the intensity of the positive J 

variations, botf^onthly and diurnal The monthly variatfonB are such w 
m^l taxima of electric chargp shoJI themselves in the months when the 
in those^hen they are longest The 

diB» e6nsidetid||Sptf in ditTerent places, and are, fi>r the most parr, propv 

tional to the Tn^^pr of humidity in the w. 
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- - orccipitAtion of aqiw^s vapour in the form of cloud, fog, dr rain gives rise to 
and suclden changes in the eloetncal state of the atmosphere, the positive charge 
following the regular course of variation above mentioned, but sometimes 
rii irlff to nothing, and sometimes giving place to a negative charge of greater or 
1 intensity. Indeed, the formation of a cloud or fog is always accompanied .by a 
of distribution in the electricity of the stratum of air in which it takes place. 
\?hen a number of particles of aqueous vapour combine together into a vesicle or a liquid 
' buie(floe Cloud, i. 1028) the small quantities of + -K associated with them unite in the 
T Lie and are accumulated on its surface, and when a number of these globules are 
in the form of a cloud, a considerable portion of the charge is transferred to 
Se exUTior surface. The cloud consequently acts like a charged conductor on the air 
it, rentb^ring the contiguous portion negative, and increasing the positive charge at 
a certain distance on either side of this negative portion. Suppose now a cloud thus 
charged to pass over the electroscope. When it is within a certain distance, the positive 
of the leaves increases, then it diminishes, and at a certain time, viz. when 
the in'utral limit between the positive and negative columns of air is passing over the 
electroscope, the leaves collapse ; then, as the cloud passes on, they diverge with negative 
electricity, then again collapse, and when the cloud has passed, they again diverge with + 
K, showing that the air has returned to its normal electric condition. Independently, 
however, of tliis inductive action, portions of the air frequently acquire a direct negative 
charge, from a cause to be explained hereafter ; the same cause also gives rise to the 
fornuitioii of negative clouds. It is easy to understand how the effects above described 
may I'C n)nij)licated by the presence of positive clouds in different parts of the sky, 
or of a positive cloud in one part and a negative cloud in another. 

A large cloud strongly charged with + E, disturbs the electricity on the earth’s sur- 
face below it, rcndi'ring the part immediately below it strongly negative, and when the 
ojip^site electricities on the ground and the lower surface of the cloud have reached a 
cvi’tain ti'iision, discharge takes place between them in the form of lightning. One 
rloiiii may also act in tliis manner on a neighbouring cloud ; and in that case, the 
li;_'hfniiig passes from one to the other mthout striking the earth. The discharge be- 
tween t wo clouds may, however, affect objects on the earth’s surface in this way : A 
jx>silivc cloud may rmidcr negative the surface of the ground below it, as well as that 
of a lu'iglil louring cloud, and if discharge takes place between the two clouds, the eanso 
wliicl) laid Bcparated the electricities of a certain portion of the earth’s surface is 
Fuddcnly removed, so that they recombine with equal suddenness. This is called the 
stroke. It is not attended with any visible discharge, and is never so violent 
us the direct stroke of lightning, but men and animals are sometimes killed by it. 

An electrified cloud never discharges all its electricity at once. This arises from 
the imperfect conducting power of itema.'*s; in fact, when a number of globules of 
water unite to fonn a cloud, although a certain portion of their free electricity is trans- 
ferred to the outer surfiice, this is not the case with the whole — because the globules 
are not in sufficiently close contact to form a continuous conducting masa Tho charge 
ap[tears rather to he distributed through the cloud in snccessivo strata; accordingly, 
when an electroscope is placed in the midst of a fog or cloud driven onwards by the 
wind, tlio divergence of the loaves contiinially varies as strata of different intensity 
pass over it. An electroscope exposed to the influence of the electrified clouds during 
s thunderstorm, show's that every stroke of lightning, whether taking place between 
two clouds, or between a cloud and the earth, is preceded by n multitude of small dis- 
vharpes in the interior of the clouds thcmselve.s. The loaves diverge suddenly and by 
m8 during an interval when all appears quiet; then a clap of thunder is heard; the 
il'fivos immediately collapse, and remain qniet for a time, but soon recommence their 
dm'rgence, until another discharge takes place between the clouds, and so on. 
hightning assumes throe different forms: the zig-sag or forked lightning, the flash 
lightning, and the globe. The first is like an ordinary electric spark, its zig-zag 
term being duo to the cau.^ mentioned at page 388 — viz. that it seeks out the path of 
least resistance, striking from one collection of w'atery particles in the air to another ; 
^nietimos in the midst of its course it divides into two or even into three branches. 
Vheatstone has shown that the duration of a stroke of forked lightnii^, like thsi of 
common electric spark, is less tlian the millionth part of a second. ‘ , * 

‘ h^et-lightuing is much more common than forked lightning. It has neither the 
^nitenoHs nor the intense brilliancy of the latter, but is generally of a blue Ot violet 
<50 our, sometimes deep red; sometimes it seems to illuminate only the edges of a cloud, 

J .^Iher times it embraces the entire Surface of the clouds, an^eems to issue 
i . of them, lighting up the whole atmospher^ It probably arises from a miii|H|^0 
minute discharge taking place simulUuieonffl^ between the pi^iclea of acldjpIpM 
ween two clouds in the manner already mentioned, , 

Ane third kind, or globe-lightnin g, from the other tiHpB'wKi^tlon, as well as 
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in power, befag sometimes visible for one, two, or even ten seconds, passing 
clouds to the earth at a rate which the eye can easily follow. Its form is nearly spheriei* 
in fact, it constitutes a true ball of fire, which sometimes splits up into scYoral 
as it falls, rebounding several times from the earth, sometimes exploding with a 
like the discharge of several pieces of ordnance, and scattering streams of for^ 
lightning in aU directions. It is less common than the two former kinds, but appeiS 
to be the form which lightning generally assumes when it penetrates into the 
of a building. 

It is clear that this form of lightning is of very different nature from forked and 
sheet lightning ; in fact, it cannot bo a more electric spark, but probably conjiiats of a 
portion of moist air or vapour condensed and strongly electrified : in fact, a small cloud 
charged so intensely as to become luminous. De la Rive suggests that it may contain 
a mixture of air and hydrogen gas, resulting from the decomposition of aqueous vnpom 
by previous electric discharges, and that when it comes into the lino of a stroke of 
lightning, or when its own electric charge becomes high enough to produce a spark, it 
explodes. The explanation is not very probable: for the electric discharges in the air, 
even if they did resolve the aqueous vapour into oxygen and hydrogen, would cause the 
gases instantly to recombine. 

Thunderis the noise resulting from the violent concussion of the air attending 
the electric discharge. The reverberation or roll arises from the manner in which tli« 
discharge takes place, which, as already observed, is not instantaneous, but consists of a 
great number of comparatively small discharges, sometimes accompanied by a great 
one ; but even an instantaneous lightning^stoke will not generally produce a mere in- 
stantaneous report, because the different parts of the line, even when it is vertical, and 
still more when it is horizontal, are situated at different distances from the observer. 
The reflection* of the sound-waves from the clouds doubtless also adds to the olfM ; 
among mountains, the reverberation is very much increased by the echoes thus 
produced. . , , , . 

Source of Atmospheric Electricity , — Volta and Sanssure attributed the electricity of 
the atmosphere to the evaporation of water from the surface of the earth. Pouillet 
took a similar view, excepting that lie regarded the tdectric charge as arising, not from 
the mere evaporation of the water, but from the decomposition of a saline 8olution-*viz. 
Bca-wator, the water escaping in vapour and the salt remaining behind. We have scon, 
however (p. 429), that it is only when the evaporation is very rapid, that any signs of 
electricity can bo thus obtained, as, when it takes place slowly, the separated electricitioH 
have time to recombine before the water escapes. 

It seems necessary, therefore, to look to some more general cause for tho development 
of atmospheric electricity. The action of the sun upon tho atmosphere, and the con- 
sequent umiqiiid distribution of temperature therein, has been suggested us a cause ; 
but we have uo proof that gases and vapours exhibit the slightest trace of tliemio- 


electricity. ^ * t 

I)e la Rive ascribes the electric charge of tho atmosphere to chempil action taking 
place on tho inner surface of the solid crust of tho earth, whore it is in contact witli 
the internal incandescent mass, this action proceeding partly from local causes, but 
chiefly from the infiltration of sea-water, in consequence of which the water acquires a 
positive, the solid part of the earth a negative charge (p. 414). The wliole mass of 
sea-water thus becoming positive, the vapours which rise from it are also posit ive, ana 
communicate a positive charge to the atmosphere. This evaporation takes place over 
the whole surface of the ocean, hut most abundantly in the tropical regions; and the 
positively-charged vapours rising at first in these regions more or less vertically, ^ 
afterwards carried away towards the poles by the tropical cur^nt (tho return t^le- 
wind) in the higher regions of tho atmosphere. This current^ travelling at first lion- 
Eoutally, bends down more and more to the earth as it approaclies the poles, ana 
becomes cooler ; and in the polar regions themselves it comes nearly down to the nega- 
tively-charged surface of the earth, whence results a discharge of electricity, con- 
Btituting the aurora borealis or australis, ^ . u l 

The greater amount of evaporation taking place in the hemisphere in which the sun i 
eituated, accounts for the greater prevalence of storms during summer ; in 
the other hand, the positively-charged vapours descend nearer to the pround ; hence 
the greater intensity of the permanent charge of the atmosphere during tho winter 
months. ‘ . , 

The solid crust of the earth being negative, the vapours rising from it ana 
ponds and rivers on its surface must also be negative. This is another cause of tn 
diii^ution of the permanent positive charge of the atmosphere in ?*wnmer, 

accounts for t^ formation of native clouds. As these negative clouds ^ 
considerable part in:^e production of thunderstorms, the occurrence of agtw^num^ 
of storms dunng the dimmer season in temperate climates is easily accounted for; m 
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• ] ri'ffions, where evaponition from the auiface of the ground is more abnndiint; 

Oil at much the same rate all tlie year through, storms are of constant occur- 
**^ 00 Over large expanses of water, such as the great oceans, at a long distance from 
S thunderstorms rarely occur, because no negatively-charged vapours are poured 
into the atmosphere. 

That the water of the ocean and tlie solid crust of the earth are actually in opposite 

wtrical states has been proved by the observations of Peltier (Ann. Ch. Phys. [3] 
> 385), and of Becquorel (Compt rend. xlii. 661) ; this opposition of electric states 
likewise accounts for the fact that the air is positive in immediate contact with the 
gurfiice of the sea, whereas over planes far from the sea, the positive charge shows 
itself above a certain height only. 

The development of electricity by the chemical action of sea-water on the fused 
matter below the solid crust of the earth appears also to be the origin of the intense 
siims of electric action which usually accompany volcanic eruptions. In the eruption 
of Vesuvius in 1794, clouds were emitted which gave out flashes of lightning, accom- 
panied by loud peals of thunder, and many houses were struck by the lightning. The 
olfsemtions of Palmieri (Arch, des Sc. Phys. xxxvi; 105) have shown that the 
Tai) 0 ur 3 emitted from the crater of Vesuvius are charged with positive electricity, 

SLECTROBS8. The terminals, metallic or otherwise, which convey an electric 
current, into a liquid (p. 432). 

EZtSCTRO-DTETAMXCS. The science which treats of the mutual action of 
cleotrio currents, and of electric currents and magnets (pp. 442, 446). 

EUCTROBTSXa. Decomposition by electricity (pp. 397, 432). 

ELBCTROBTTS. Acompound liquid deconiposible by electricity (pp. 397, 432). 

EEECTRO-MAOXrBTXSEX. The branch of electro-dynamics which treats of the 
mutual action of the magnet and the electric current. 

ELECTBOMSTim* An instrument for measuring tlie strength or degree of the 
oloctric charge of a body (p. 330). 

SXiECT&0«MOTXVXS 7011CB. Tliis term, originally employed by Volta to 
piguify t he force which, as he supposed, gave riso to the separation of the two electriei- 
tifs at the point of contact of two dissimilar metals, is now applied to any source of 
elcctrit! excitement whatever, but is used for the most part in speaking of arrange- 
ments which generate a continuous current of electricity. 

EXtECTROMOTOS. Any arrangement by which a current of electricity is 

generated. 

EXiECTRO-irROATXVB and BX.BCTRO-POSXTXVB. Terms used to 
denote the relative position of bodies in the electric series (p. 432). 


SXiECTRO-IirXTROOtrRBTS, Alloys of Ammonium. Many metallic salts — as 
of gold, silver, cadmium, &c. — when electrolysed in presence of ammoniucal 
piilts, yield at the negative electrode, metallic deposits containing nitrogen, which have 
not been accurately investigated, but are supjioscd by Grove (Phil. Mag. [4] xix. 
19) to be ammonium-compounds. 

EESCTROPBORTTS. See page 385. 

ELECTRO-PBiLTXXXG’. The coating of metals with silver by electrolysis. (See 
bkiwnary of AHs^ Manufactures, and Mines, art. £LBOTKO-ii£TAi.LunoY, 
11. 95.) 


ELECTROSCOPB. An instrument for detecting the existence of an electric 
charge, aud indicating its nature, whether positive or negiitive (pp. 380, 424). 

®^ECTR0TYPB- The deposition of metals in the compact state by electrolysis, 
to form casts or models. (See Ur^s Dictionary of Arts, Manufactures, and 
art. Elkctro-mrtaixitkgy.) 

BXACTRUM. a term applied to those native alloys of gold and silver, which 
contrin sufficient silver to make their colour perceptibly lighter and their specific 
^nvity considerably less than that of pure gold. Hausmann {^Handh. d. Miner, ii. 
applied it to such as contain from 20 to 50 per cent, silver. According to 

Ihimmelsberg, alloys containing not more than 20 per cent, silver are completeljr 
decoinposed by nitro-mttriatic acidi whereas those which are richer in silver, do not 
rpiidily yield up their gold to that reagent. Before the blowpipe, gold contahiipg 
silver yields an opalescent glass with phosphorus-salt ; a larger proportion of silver 
'^nders the glass yellow and opaque. 

II. II 
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BlallMBirTAKtr ASTA&TSZS. See ANALTfiifl, Organic (i. 226). 

B&BMBMTTS. Elementary Btxliea, Simple Snhstancea. Grundatofe^ Uratof 
By these tt*rms we understand substances which Ciinnot be, or rather which 
hitherto been, resolved into more simple forms of mattiir. To the list of clomenurv 
bo^M given in Idle article Atomic Wkiohts (i. 466, first edition), we must now juli 
four, viz. Caesium and Rubidium, discovered by Bunsen, Thallium, by Crookej, 
and Ind ium, by Reich and Richter. The number of elements at present known with 
certainty is 63 ; two others, Diani urn (p. 318) and Norium, may bo mentionwl aw of 
uncertain existence. The list will doubtless be increased by future researches, especially 
by the new method of spectrum analysis, which has already led U) the diKcovcry .ff 
the four elements above mentioned, csesium, rubidium, thallium, and indium. But it 
is scarcely probable that any element existing in considerable quantity in the earth’s 
crust yet remains to bo discovered. The elements which constitute the great mass of 
the earth’s crust are, indeed, comparatively few, viz. (duminium, calcium, carbon 
hydrogen, magnesium, oa^ygen, potassium, silidum, mdium, sulphur. The lant of tlu.so 
has been known from the remotest times, and the rest were discovered in the early 
days of mcxlorn chemistry. The more abund.ant motals, iron, copper, lead, which 
occur chiefly in veins in the older rocks, have likewise been known from reniuto 
antiquity. Most of the other elements, the discovery of whicli is of comparatively 
recent date, occur but sparingly, and many of them only in extremely small quantity, 
e,g. thorium, tantalum, tellurium, ruthenium, ccesium, and rubulium. 

The elements are usually divi<led into two classes, M o I a 1 s and Metalloids, which, 
however, like most divisions of natural objects, blend into each other by irisensihlo 
degrees. The motals for the most part form basic oxiiles ; the metalloids, acid or 
inoilFerent oxides. The compmnds of met/ils with each other possess the metallic 
lustre ; iho.se of metalloids with one another, or with the metals, do not for the most 
part exhibit that lustre. 

The elements may he divided into groups or families resembling one another more 
or less in their chemical characters and crystalline forms (doe IsoMOHrinsM). Tho 
members of tho same group generally occur togethor in nature ; and minerals coiitiin- 
ing one of them, as principal constituent, usually contain also small quantities of the 
other elements of the same group. Examples of these groups are 

Chlorine Potassium Oxygon Barium Magnesium Ceritim 

Bromine Sodium Sulphur Strontium Zinc I,;inth.'inum 

Iodine Lithium Selenium Calcium Cadmium Lidymium 

Fluorine Cmsium Tollurinm # 

Rubidium 

Silicium Platinum Iron Nitrogen Chromium 

Titanium Palladium Cobalt Pliosphorus Molybdenum 

Iridium Nickel Arsenic Tungston 

Rhodium Manganese Antimony 

Ruthenium Vanadium 

Osmium Bismuth 


Many of the elements which resemble one another closely in their chemical relations, 
have also nearly equal atomic weights, e.g, iron, manganese, cobalt and nick<‘l ; cerium 
and lanthanum ; platinum and iridium; rhodium and ruthenium. On the other nano, 
instances of this equality of atomic weights exist between elements which exhibit no 
such resemblance of properties, e.g, molybdenum and cerium ; osmium and mercury. 

The members of some of the preceding groups exhibit nearly equal differences 
in their atomic weights. Thus a difference of 48 is exhibited by tho atomic woign s o 
calcium 40. strontium 88, and barium 136; also by those of sulphur 32, 

80, and tellurium 128; of 16, by lithium 7, sodium 23, and potassiM 3J. i 
atomic weights of other groups exhibit nearly equal differences, e.g. chlorine • » 
bromine 80-4, and iodine 127*0 ; also phosphorus 31, arsenic 76, and antimony • 
Other relations between the atomic weights of elements have been pointed ou ) 
Kromers (Popg. Ann. Ixxxv. 66); Low (Sill. Am. J. [2] xvii. 387) ; Lenssen ( ^ • 
Ch. Pharm. ciii. 121); Gladstone (Phil. Mag. [4] v. 313); and Dumas (Ann. vn. 


Pharm. cv. 74 ; cviii. 324). 

B&BMZ. A resin of which several kinds occur in commerce. Ordinary or ^ 
Indian elomi, Elemi occidenfale, ia said to be the produce 
{Amarys elemifera, L.) ; East Indian elemi, Elemi orientale, which 
but rarely met with, is said to be obtained from Ama^a a 

ceylonioum, Kunth. According to Landerer, an African elemi, 
mtkiopicimt, is sometimes sold at Smyrna and Constantinople : it is siud tO be iinpv 
ftom Nnl^ia and Egypt, and is perhaps the produce of Eaagnus hortemaiaw 
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Common clemi forms more op less translucent masses, having a fatty lustre and 
Howish or brownish -yellow colour ; it is soft when fresh, but gradually hardens. It 
^hines in the dark when rubbed or warmed. It is cliiefly used as an ingredient of 
vnruishoH, especially of spirit and turpentine varnishes, which itproventa from orackiug 

resin is a mixture of an amorphous aeid resin easily soluble in cold alcohol, 
nnd a cry^'tiiUisable iiidiffcnmt resin, soluble in cold, and sparingly soluble in boiling 
al(‘ohol, tJgether with variable quantities of a volatile oil, and foreign matters, including 
(2 or 3 pt'r cent.) 

Th- rfsin soluble in cold alcohol contains, according to Johnston (Ann. Ch. Pharm. 
xliv. 33H), 78’7 carbon and 10*5 hydrogen, agreeing nearly with the formula 

; this substance forms about » of the entire resin. 

When tluj remaining portion of the resin is boil(*d with alcohol, and the solution 
ft to PVii})orate, a considerable quantity of a crystalline resin is deposited, which may 
lift purified by repeated crystallisation from alcohol It forms a white confusedly 
crystallised mass, perfectly soluble in strong boiling alcohol, and forming a solution 
neutral to litmus paper. 

Aeeording to analyses by II. Rose (Ann. Ch. Pharm. xxxii. 93; xl. 307), and 
Johnston (/oc. cit.)^ this crystalline resin appears to have the composition 
fhose of Hess (Ann. Ch. Pharm. xxix. 139)a^ee rather with the formula C*®/J**C*op 
C»1P*0, which is more probable. 
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The analyses agree 

nearly with that of the constituent of animd 

rosin, examined 

1 Laurent., and with that of arbol-a-brea resin, anc 

ilysed by Dumas. 

(Baup’s amyrin. 


i. 3o4.) 

Tlie nleoholic solution of elemi resin is not clouded by alcoliolic potash, but is pre- 
cipitatfd by aqueous potash. Ammonia added to the alcoholic solution converts it 
info a gelatinous mass. The alcoholic solution is not precipitated by alcoholic acetate 
(-f hail or nitrate of silver, even the addition of a drop of ammonia causing no precipi- 
tate, hut only a slight turbidity. 

Oystalliscd elemi resin is decompo.sed and charred by dry distillation, yielding first 
a visL'iil, brown, acid oil, having an agreeable odour, afterwards a black, disagreeably 
Miiplling tiir. 


Oi^ of Elemi. — Elcmin, Elemi resin distilled with water yields a transparent 
rdluurh ss oil, having the compo.sition of a eamphene, It has an agreeable 

f lour like that of the rosin, and a faint taste. Specific gravity .=» 0*862 at 24'^ C. 
(St (Ml ho use), 0*849 at 11° G. (Deville). Boiling point 100° C. (Stenhouse), 
171 • (h (Deville). Vapour-density 4*0. Index of refraction « 1*47 at 14° C. 
( n p V i 1 1 e). Optical rotatory pow'er, 90° 30'. 

Oil of elcnii is insoluble in water, but easily soluble in alcohol and ether. With 
hijdriKhlorw acid, it forms tw'o isomeric conipounds, C“’II‘".I1C1, one solid, the other 
liquid ; the solid compound is optically inactive. With iodine, nitric acid, and sul- 
pfiuric acid, oil of elemi behaves like oil of turpentine ; it is also similarly aflected by 
l>eat. The proportion of volatile oil in the resin probably varies according to its age. 
bonastre found 12*5 per cent., Stenhouse only 3*5 per cent, oil; good elemi resin con- 
tains, according to Deviile, more than 13 per cent, oil (Stenhouse, Ann. Ch. Pharm. 
XXXV. 304 ; Deviile, iljid. Ixxi. 352.) 


Syn. with On. of Elemi, 

SXiSPBAVT'S l*JkTf according to Filhol and Joly (Compt. rend. xxxv. 398), 
i'< white, soft, inodorous, melts at 28° C., contain.s 79 pts. liquid, and 21 pts. solid iat 
(stearin and palmitin) : the licjuid fat is easily soluble in alcohol, does not dry up on 
exposure to the air, and is not solidified by hyj>oiiitric acid. 

IiIiEPBAJrT*8 USZirSt according to Brandos (Arch. Pharm. xviii. C4), con- 
joins hippuric acid and urea, together with alkaline and earthy phosphates and car- 
bonates. Ihirree or Indian yellow is said to be formed from elephant’s urine. 

S&ainrABVTB. A name sometimes applied to the allophane of Friesdorf, neap 
nonn. 

UZ^VATIOW. An operation by which a more fusible substance is separated 
.^^other which is less fhsiblo, namely, by the application of a degree of heat 
•'Efficient to melt the fbrmer, but not the latter. (iSee Coppsr, p. 32.) 

1x2 
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mjkSXra. A minoral consisting of hydrated nranic oxide, mixed with 
foreign substances, but forming, according to W. Haidinger, a distinct species, it 
occurs in the Elias mine, near Joachimsthal, in Bohemia, in flattened pieces of a dnrk 
reddish-brown colour, translucent on the edges, and with a waxy lustre. It is brittle 
has a specific gravily » 4*129, and hardness a3‘5. According toRagsky’s analy^ii 
(Kenngott'a Uebersichtf 1862, p. 81), it contains 61*88 per cent. U*0*, 10*68 H*0 i % 
APO*. 6*68 Fe*0», 1*09 FeO, 3*09 CaO, 2*20 MgO, 4*62 PbO, 6*18 SiO*, 2*62 Oq/, 
0*84 PO*, and a trace of arsenic. The carbonic acid is perhaps combing with the 
lime and magnesia, making up 57 per cent. 

SXiUlOXC ACZ9. Pasflarrfw ac«.— C“H’0* = Inth»ciji. 

tallised state, C*^H®0®.2H*0. (Chevreul [1816], Ann. Ch.Phys. [2] ix. 629. Bra- 
oonnot, ibid, 187. Pelouze. ibid. liv. 367. Taylor, Phil. Mag. [3] xxiv. 354, 
Lipowitz, Si7ium*8 Beitrdge zur, physiol, u. pathol. Chemie, i. 464. Wohler and 
Merklein, Ann. Gh. Pharm, Iv. 129.) 

EUagic acid exists as a constituent of certain animal concretions ; it is also a pro- 
duct of the decomposition of gallic acid. According to Chevreul, when a solution of 
gall-nuts is exposed to the air, a grey powder is defwsitod. This is exhausted by boil- 
lug water, which extracts gallic acid ; the residue is treated with potash, and th« 
ellagic acid thereby dissolved, is precipitated by a mineral acid. 

The acid is contained in largest quantities in certain animal concretions called 
oriental bezoars. They are found of different sizes, from that of a bean to that of au 

To obtain the acid, the bezoars are dissolved in strong caustic potash, care being 
taken not to heat the mixture, and to prevent access of air as much as possible. As 
soon as the whole is dissolved, a current of carbonic acid is passed through the clear 
liquid. In this way, ellagate of potassium is precipitated as a whitish powder. It is 
filtered, washed, and pressed, recrystallised from boiling water, and the acid is sepa- 
rated by throwing the solution into concentrated hydrochloric acid. 

Pure ellagic acid is a light, pale yellow, tasteless powder, seen under the micro!»o<i!><‘ 
to consist of transparent prisms. At an elevated temperature, it decomposes with- iit 
melting, and the carbonised mass is covered with crystals. It is insoluble in wiitrr, 
but dissolves in alcohol to a pale yellow liquid, having a slight acid reaction. It givoa 
off 2 at. of water, at 100® C. 

Sulphuric acid dissolves ellagic acid without alteration ; water precipitates it un- 
changed. Nitric acid converts it into oxalic acid. Iodic acid converts it info a pecu- 
liar acid, with rapid evolution of carbonic acid, and separation of iodine. A ncufnil 
aqueous solution of ferric chloride is coloured by ellagic acid, greenish at first, hut 
ultimately bi'comes bluish-black and opaque, like ink, the solution then contiiiiiiiig 
ferroso-ferrio salts. 

The oil agates are little known ; many of them appear to be basic .salts. 
Potasaium-salt, A light powder, consisting of microscopic prism*?. 

Another salt is obtained as grey powder, consisting of microscopic crystals, by digtsthig 
ellugato of potassium in alcoholic potash. It appears to bo a basic salt 
KHO. 

A solution of ellagic acid in moderately strong potash exposed to the air, gradually 
changes colour, and deposits dull -black crystals. Wohler and Merklein call thi.s body 
glaucomelanate of potassium. When it is boiled with water, ellagate of potassium is 
reproduced. The composition of the salt is represented to bo which appears 

impiobable, from the fact of tlie regeneration of ellagic acid by water. Besides glauco- 
melanate, the solution contains carbonate, oxalate, and another soluble potassium - 
•alt. 

Ellagate of Sodium^ C*^H^Na*0®, is a pale yellow crystalline powder, less soluble than 
the potassium salt. 

Barium-salt, :iC*^II^Ba''0*.Ba"ir^O*. Insoluble lemon-yollow compound. 
Lead^salt. C'*H‘Pb'^0'‘ + Pb"0. Amorphous yellow precipitate, which by 
becomes olive green. E. A. 

SXiimtEATZOir. The separation of the lighter foom the heavier particles of e 
pulverulent mixture by washing. 

SMBOXitTS. A chloro-bromide of silver, Ag*Br*Cl*, found abundantly in Chile, 
also at Eulalia in Chihuahua, Mexico, and at Colula, Honduras. It occurs crystal- 
lised in cubes and cubo-octabedrons ; also massive. Specif gm^ity 6 * 31 — 8*43 
(Domeyko), 6*63 (Yorke), 6*81 (Breithaupt). Hardness »» 1 — If ^ P^*^* 
fectly ni^leable; has a resinous and somewhat adamantine lustre, and in ool«*^ 
from asparagus-green to pistachio, olive, and greyish-green. Plattner (Pofij?* Ajn. 
. Ixxvu. 184) found in it 66*86 per cent, stiver, 20 09 bromine, and 13*06 eolofin^ w* 
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1 . rpnuirinc 67*0 Ag, 19*8 Br, and 13*2 Cl. Dompyko {Elemcnto^ de 
form» ** 203) found 610 and 62 8 per cent. AgCl ; 49*0 and 47 2 AgBr. 

Vurk c (Chfliu. Soc. Qu. J. iv. 2) found 63*2 AgCl and 46*8 AgBr. 
r^ll< pT *rgXT3B. Breithaupt’s name for a sulphuntimonite of lead from Nert- 
! ‘usk of specific gravity 6*3, containing 63*3 per cent, lead, 0*8 copper, 0*04 
rilvrA probably identical with Boulangerite. 
ruTTill The bright green transparent variety of be^l (i. 681), much prized 

,,•111 The colour is usually attributed to oxide of chromium, of which Vauquelin 
and JOaproth 6*30 per cent, in emeralds from Santa Fe do Bogota, 
l!\vv however (Ann. Ch. Phys. [3] liii. 3), found that an emerald from the same 
Joc ililv contained only a trace of chromic oxide, and was rendered quite colourless by 
i! Hence he attributes the green colour to organic matter, which, according to 

Ills analysis, exists in the mineral to the amount of 0*12 per cent., going off at a red 
h. at, together with 1*66 per cent. W’ater. According to Hofmeister, on the other 
hand (J^j^r. Chem. Ixxvi. 1), emeralds (from the PinzgHii) retain their colour after 
i^ition. The analyses of the (ignited) emerald by Lewy and Hofmeister are as 
follows : — 

Si()J AFO* QIO Cr*0* Fe*0* CaO MgO Na"^0 

17 95 12*40 trace . . . . 0*90 0*70 = 99*80, I^wy. 

tj6 2U 16*36 12*79 . . 1*63 0*78 0*83 . . = 98*61. Hofmeister. 


EMlSRilXil> 2rXCaLSXi4 A native liydroearbonatc of nickel. (See Carbonates, 
i. 789.) 

EMERAEDZirSt or Aniline-grcm. See Dyeino (p. 358). 

EMER7. The opaque crysfallo-granular variety of corundum (p. 86), used for 
prin<ling, cutting, and polishing glass, metals, enamels, and other bard substances. 
(Sif I'rva Dictionary of Arts, Mamifactures, and Mines, i. 121.) 


EMERYEZTfi. Syn. with Maroauite. 

EMETZirz:. An alkaloid w'liich forms the active principle of ipecacuanha root. 
It was discovered in lcS07 by Pelletic^r and Magendie (Ann. Ch. Pliys. [2] iv, 172) 
and furlher examined by Buchner (Report. Pharm. vii 289), and by Dumas and 
IN I loti or (Ann. Ch. Phys. [2] xxiv. 180), who give the following process for ob- 
taining it: — 

1 he j*owd(T of ipecacuanha is digested in water with calcined magnesia; the de- 
posit is thrown on a filter, w*ashed carefully with very cold water, and dried ; and the 
ciiotiiK^ is th(‘n taken up by alcohol. It may be afterwards combined with an acid, 
and the salt may bo purified with animal eharcoial. When the emetine is once more 
thrown down by magnesia, aleoliol redisaolves it in a colourless state. 

Knictine tlins obtained is yello^vish-white, pulverulent, and is but slightly coloured 
hy exposure to the air. It is little soluble in cold water, and somewhat more so in hot 
w itcp. It melts about 60® C, It is very soluble in alcohol, but not in ethcT or in oils. It« 
C'liisfituents arc, carbon 64*57 p. c., nitrogen 4*30, hydrogen 7*77, oxygen 23*36 (Dumas 
«nd Pelletier). Emetine is highly alkaline, though acids saturated with it do not 
JifT'^rd erystallisahle compounds. Gallic acid and nut-galls form w'ith it very abun- 
dant w hite precipitate.^. - ]3asic acetate of lead has no effect on it. 

Strong nitric acid transforms emetine into a yellow resinous substance, and oxalic acid. 

billet ino taken internally excites vomiting, 3 milligrammes being sufficient to pro- 
dnee this effect. 

The oxalate and tartrate of emetine are veiy soluble in water, ^hc cKloroiner curate 
and (ftloropJatinate are very sparingly soluble. The gallotannate is a white flocculent 
precipitate, soluble in alkalis ; it is neither emetic nor poisonous. 


SMMoxrzra. 

(i. 797). 


Syn. of Stbontianitb, or native Carbonate op Strontium 


EMOBZXr. — A constituent of rhubarb root, discovered by Warren 

t e la Rue and Hugo Muller (Chem. Soc. Qu. J. x. 304). When crude chry soph anic 
acid, obtained us described at p. 969, vol. i., by treating the root with benzene, is redis- 
^ ^ot benzene, emodin remains behind, in the form of a red di.sh-yellow substance, 

an additional quantity separating from the solution as it cools. It may be purified by 
crptallisation from hot glacial acetic acid, and afterwards from boiling alcohol. 

Emodin thus prepared crystalliaes in long, brittle, concentrically-grouped monoclinic 
p*i8ms of a deep orange-red colour. It melts above 260® C., a small portion volati- 
»sing at the same time undecomposed. Chemically it resembles chrjrsophanic acid, 
1 il? more soluble in alcohol, glacial acetic acid, and amylic alcohol, less 

•oluble in benzene. With caustic alkalis, it behaves like chrysophunic acidt 
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Emodio givea by combustion 66*63 per cent carbon and 4*10 hydroceiL • 
nearly with the empirical formula or (66 95 0,and 4*18 

aMVMCXira. Cu»BiS* or Ccubis*.— A mineral from Tannenbaum in tti 
Erzgebirg, containing 18*83 percent, sulphur, 62*6 bismuth, and 18*72 copper; formin 
needle-shaped rhombic crystals of light grey to tin-white colour and metallic lustre 
(Schneider* Pogg. Ann. xc. 166. — I)auber, ibid, xciL 241. — Kenngott, Uebereickt 
1853* p. 125.^ 

BMPTHainiKA. The peculiar smell produced by distilling vegetable or animal 
substances in closed vessels, or by burning such substances with imperfect access of 
air. 

BXmXSZC JLOtn, An acid said to be formed by boiling emulsin with alkalis 
ammonia being given off at the same time. (Thomson and Richardson.) 

miKUXBZXr. Sf/najdase, (Robiquet, J. Pharm. xxiv. 326. — Thomson and 

Richardson, Ann. Ch. Phann. xxix. 180. — Ortloff, Arch. Pharrn. xlviii. 16. bull 

Ann. Ch. Pharm. Ixix. 145.) — A neutral substance contained in sweet and in bitter 
almonds, and possessing the power of acting as a ferment on the araygdalin of the latter 
in presence of water, converting it into hydride of benzoyl, hydrocyanic acid, and glu- 
cose (i. 292). 

To obtain emulsin, sweet almond paste, well freed from fixed oil, is macerated in 
three times its weight of pure water, the mass is pressed, and the emulsion thu.s ob 
tained is left to itself at 20° or 25° C. After the lapse of a day, the emulsion is found 
to have separated into two layers, the upper of which is coagulated, and looks lika 
cream, while the lower is watery and transparent. After two or three days, this watery 
liquid no longer gives a precipitate of casein with acetic acid, but it forms with al- 
cohol a precipitate perfectly soluble in water. This last precipitate consists of cniul- 
8111 ; after being washed with absolute alcohol and dried in vacuo over sulphuric acid, 
it forms a white, opaque, friable mass, soluble in water. It is difficult, however, to 
obtain emulsin quite free from colouring matter, the process succeeding only when per- 
formed on small quantities of material. 

The property of being precipitated by alcohol docs not belong to emulsin itself, hut 
is duo to the phosphates which it holds in solution, and from which it cannot bo sejKi- 
rated. Emulsin possesses a decided acu*d reaction, and it is this acidity whicli enables 
an emulsion of almonds to hold the phosphates in solution. 

An aqueous solution of emulsin when boiled deposits a white granular precipitate, 
which on cooling redissolves completely in the supernatant liquid. This precipitate 
contains a consiaorablo quantity of inorganic matter, consisting of phosphate of mag- 
nesium with a little phosphate of calcium ; the filtered liquid contains the products of 
decomposition of the emulsin, which, strictly speaking, does not coagulate by heat, but 
is completely decomposed. (Bull.) 

Emulsin completely loses the power, of transforming amygdaliu into hydride of hen- 
Boyl, when its aqueous solution is boiled ; but it retains this power when heated to 
100° C. in the dry state,, even for several hours. 

The aqueous solution of emulsin is completely precipitated by acetate of lead ; the 
filtrate no longer acts on amygdalin, but the lead-precipitate effects the complete trans- 
formation of this substance into liydride of benzoyl. 

The solution of emulsin exposed to the air for several days at common temponitures 
putrefies, giving off gas and becoming turbid ; nevertheless it retains for a long time 
the power of ac^ting on amygdalin. 

Lactic acid is found among the products of the decomposition of emulsin. 

The analysis of emulsin gives the following results ; — 






Thomson and 


Bull. 






Richardson ■ 



Carbon 




. 48*78 

48*40 

43*59 

43*74 

42*75 

Hydrogen 




. 7-79 

7-68 

6*96 

7-33 

7*37 

Nitrogen . 




. 1881 

18-64 

11-64 

11-40 

11-62 

Sulphur . 




. . 

. 

1*25] 

1 37-63 

38-36 

Oxygen . 




. 24-62 

25*28 

36*561 





100*00 

100-00 

100*00 

100*00 

100-00 


Thomson and Richardson do not mention the existence of sulphur or of mineral 
matter. Bull found quantities of ash varying from 22 to 35*8 per cent. ; in the three 
aualyses above given the ashes are deducted. 

ncmwxoir. An imporfoct combination of oil and water, by the intervention of 
some other substnuco capable of combining with both these liquioa Sneh subst^ces 
are either sHCclmriiio or mucilaginous. V. 
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^ substance contain^ in the yolk of turtle’s ej^. It forms white, 
1 transparent grains, very soluble in dilute j^tash ; swells up in acetic acid without 
/dissolves in boiling hydrochloric acid without violet coloration. Contains 
iiToor cent, carbon. 7*4 hydrogen, and U'(p nitrogen, together with phosphorus and 
rJn It approaches in composition to the ichthin of tlie eggs of certain fishes. It 
Sis rtlx)ut 1 per cent of ash. (Valenciennes and Frtfmy.) 

^ gyAX»^OCH»Ol»»a> Syn. with iEscutiN. 

There are two kinds of enamel, the opaque, and the transparent. 
,j«r”nart‘nt enamels are usually rendered opaque by adding putty, or the white oxide 
nf liii. to them. The basis of all enamels is a perfectly transparent and fusible glass. 
Ti r oxide of tin renders this of a beautiful white, the perfection of which is greater 
when a small quantity of manganese is likewise added. If the oxide of tin be not 
t.,jtli' i‘mt to destroy the transparency of the mixture, it produces a semi-opaque glass, 
rt'.sfinhling opal. 

Yfllo'V enamel is formed by the addition of oxide of lead, or of antimony. Kunckel 
likewise affirins, that a beautiful yellow may be obtained from silver. 

K(>,i enamel is afforded by the oxide of gold, and also by that of iron. The former 
i :4 the most beautiful, and stands the fire very well, which the latter does not. 

bed oxide of copper likewise yields a very fine red colour, but it is somewhat difficult 
to on account of its tendency to pass into the liighor oxide. 

black oxide of copper affords a green; manganese, a violet; cobalt, a blue; and 
iron, a very fine black. A mixture of these different enamels produces grout variety 
of iiiUTmediate colours, according to their nature and proportion. In this branch of 
t!i(} art, the coloured enamels are sometimes mixed with each other, and sometimes 
the oxides arc mixed before they are added to the vitreous bases. 

In the Transactions of the Society of Arts for 1817, a valuable list of receipts for 
enamel colours is given by Mr. R. Wynn, for the communication of which a premium 
was awarded. The following are Mr. WyniTs ffuxes : — 

Part*. , Parta. 

Rod load ... 1 

Flint glass ... 3 

Red load ... 94 

Borax not calcined , 5 J 

Flint glass ... 8 

Flint glass ... 8 

Flux, No. 2 . . . 4. 

Red lead ... 8 

After the fluxes have been melted, they should be poured on a flag-stone wetted with 
a ■'[‘"iiiri., or into a large pun of clean water, then dried, and finely pounded in a biscuit- 
warc mortar for use, 

1 (How enamel : — Red lead 8 pts. ; oxide of antimony 4 pts. ; white oxide of tin 1 pt. 

Mix the inp-edients well in a biscuit-ware mortar, and, having put them on a piece 
of hutch tile in the muffle, make it gradually red-hot, and suffer it to cool. Take of 
f iis mixture 1, of flux No. 4, Ij ; grind them in water for use. By varying the pro- 
portions of red lead and antimony, different shades of colour may be obtained. 

Orange enamel : — Red lead 12 pts. ; red sulphate of iron 1 pt. ; oxide of antimony 
■1 1'ts.; fliDt powder 3 pts. 

After calcining these without melting, ftise 1 part of the compound with 2J of flux. 

Dark red enamel : — 


Rod load 

8 

No. 3. 

Calcined borax 

H 


Flint powder 

2 

No. 4. 

Flint glass 

6 


Flint glass 

. 10 

No. 6. 

White arsenic 

1 


Nitre . 

1 



Sulphafa of iron calcined dark 
Jdux No. 4, 6 pts.> 

CoU'otliar 1 pt. { 


Parts. 
. I 


of this 


\Light red enamel : — 


Parts. 
. 1 
. 3 

• 1 * 


Red sulphate of iron 

Flux No. 1 

White lead .... 

Brown enamel : — Manganese 2J pts. ; red lead 8 J pts. ; flint powder 4 pts. 

Sec Transactions of the Society, or Phil. Mag. vpl. li. Mr. Tilloch observes, that borax 
^<^ul(t be used sparingly, as it causes eflftorescence and decay of the enamel colours. 
125 details, see Ure*s Dictionary of ArU^ Manufactures, and Mines, ii. 

A sulpharsenate of copper originally found at Morococha, in the Cor- 
^ of Peru, where it is largely workea as a copper ore, and occurs in large masses, 
also in small drusy crystals imbeddoa in crystalline limestone, together 
•'h Pennantite (Breithaupt, Pogg. Ann. Ixxx. 383). It is also found in Brewer’s 
Chesterfield county, South Carolina (Gcnth, Sill. Am. J. f21 xxiii. 420), in the 
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mines near Santa Anna in New Granada (W. J. Taylor, ibid, xrvL 349^ n«.v* . 
Cordilleras of Chile (Field, Chem. Soc.'Qn. J. xii. 9 ; Sill Am. J. [2] xxrii 6o 
The mineral from this last locality was originally regarded by Field as a d' r 
species, and named by him GuayacaniU, 

The mineral from Morococha exhibits the following properties : — The crvstala 
trimotric, with the faces oP . ooP . ooPoo . ooPoo , Angle ooP : oop « f!? 

Cleavage perfect parallel to oop, distinct parallel to ooPoo and ooPoo indiHt' ^ 
parallel to oP. Specific gravity * 4*43 to 4-46 (Breithanpt) ; 4*362 (Kenneom 
Hardness « 3. Lustre metallic. Colour iron-black. Streak blfu^ Brittle. Frartii 
uneven. (Breithaupt.) * 

Decrepitates when heated, and in a tube yields a sublimate of sulphur and sulphidt^ 
of arsenic ; melts easily before the blowpipe, giving off arsenic-vapours and forminir & 
white d^sit on the charcoal ; the roasted assay exhibits the reactions of cop^r 
Soluble in nitro-muriatic acid. In the state of powder it is partly decomposed l.y 
potash-ley, and acids added to tlio solution throw down sulphide of arsenic containing 
antimony. (Plattner, Pogg. Ann, Ixxx. 383.) * 

Analyses, a. From Morococha (Plattner) loc, eit, — b. From South Carolina 
(Genth). — e. From New Granada: colour and streak grej^h black (Taylor).^ 
d. From Chile: specific gravity=4*39; hardness = 3-6 to 4 (Field), 


s. 

As. 

Sb. 

. Cu. 

Fe. 

Zn. 

-Ag. 

€ta 32*22 

17*69 

1*61 

47*20 

0*67 

0*23 

0*72 « 99*46 

b. 88*78 

15*63 


50*59 

, 

* . 

. . « 100*00 

c. 34 80 

16*31 

1*29 

46*62 

0*27 

, , 

. . - 98*99 

d. 31*82 

19*14 

. 

48*50 

trace 

. . 

trace - 99*46 


These analyses agree nearly with the formula of a tricuprons sulpharsenate, 
Cu*As8* (C4ilc. 32*53 sulphur, 18*82 arsenic, and 48*60 copper). 

SXrOBXiAlIZTlI. W’armckite,^-^ An ore of titanium found in the dolomite of Amity 
^New York), together with spinclle, titaniforous iron, and chondrodite. Externally 
it resembles warwickite. Obli< 5 [U 0 rhombic prisms (? monoclinic) having a blue-hljwk 
or brown-black colour, with bluish streak. Lustre varying from resinous to metallic. 
Har<lness=« 3 to 4. Specific gravity 3*188. Heated in a tube, it gives off water and 
becomes lighter. When heated in the air, it assumes a brick-red colour. It is infusible; 
is but little attacked by hydrochloric acid; dissolves easily in warm sulphuric acid. 
According to T. S. Hunt (Sill. Am. J. [2] ii 30 ; also xL 352), it contains — 

TiO* SiO» Al-fQ® FeO MgO CaO H-O 

28*20 18*50 13 84 10*69 22*20 1*30 7*36 - 101*98, 

whence Bammelsberg (^Afineralcksmie, p. 889) deduces the formula, 
6[2M"0.(Si0*; TiO*)] + Al*0».3(SiO*; TiO*)+ 6aq. 
which by substituting al for f Al, may be reduced to 2M*(Si ; Ti)0* + a/"(^i ; Ti)0* 

2Hq. 

Hunt and Dana regard the mineral as warwickite in a state of transformation. 
According to J. L. Smith (Sill. Am. J. [2] xvi. 293), it is a borotitanate of magnesium 
and iron, containing about 20 per cent, of boric anhydride. 

BXfXISXiXiXOli'ZTB. Syn. with Boubmokite. 

Biroxva. Cichorium Endivia , — ^This plant contains, according to Richardson 
(Ann. Ch. Phaim. Ixvii. 377), 92*6 per cent, water, 6*1 organic substance, and 1*4 ash. 
The ash contains in 100 pts. 37*9 K*0, 12*1 Na*0, 12*0 CaO, 1*8 MgO, 6*2 SO*, 24*6 
SiO*, and 6*4 phosphate of iron. 

anOMAOlUUIK. Syn. with Chitin. 

nrOOBBAOXW. The name given by Valenciennes and Frtey to the biiia 
albuminous constituent of the crystalline lens of the eyes of mammalia. 

BXrDOSMOSB. See Osmose. 

xnvaa&BAJIXhXTB. See ZiBCOrr. 

BBSTATXTB. A variety of augite, li^'SiO*, found, together with pseudophiWi 
on the Zdjar mountain near the Aloysthal, in Moravia. I^orms firmly imbedded hn^» 
crystals, often transversely broken ; they belong to the monoclinic syste^ exhibiting 
the faces [ ooPoo ] and ooPoo (the end-faces not developed), with ^dnet 
parallel to these faces and to those of a prism of nearly 87®. It is greyisn-whiw, 
sometimes yellowish or greenish ; dull on the ftiees of the crystal, but with a rather 
strong glassy and nasreous lustre on the cleavage-faces ; semi-transparent ^r 
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1 j,t on the edges. Sti^ wliite. Brittle. Hardness - 6*5. Specific gravity 
^ 3 . 13 , Nearly inftisible before the bloi^ipe, but becomes white and enamel- 
the edges: does not give any blue colouring with cobalt; insoluble in hydro- 
kcid. Contains 


APO* 

2-60 


H*0 

192 


SiO» 

56-91 
67-28 

Of the water, 0*4 1 per cent, goes off at 1 00® C. ; the rest at a red heat. (K e n n g 0 1 1 , 
Wien. Akad. Ber. xvi. 162.) 


FeO 

2*76 

6*00 


MgO 

65*44 

86*25 


99*58 

98*53 


*OXDlH. C*‘H«0»(?). A red colouring matter obtained from asparagus berries. 
{KvTiiduJahresbcr.f^ Clum. 849, 457.) 

SPBB8XT8. A micaceous mineral, found, together with corundum, on the 
niiipiietic iron ore near Ephesus. It is laminar, easily separable in the direction of 
the Inmin®, white, nacreous, resembling white disthene. Specific gravity 3*15 to 3*20. 

, Snitches glass easily. Before the blowpipe it becomes dull, but does not mult. 


Ouitaiiis : — 


SiO’ 

APO* 

CaO 

FeO 

Na*0 

H*0 

Total. 

31-54 

67*89 

1*89 

1*34 

, , 

3*12 


004 

56*45 

2*11 

1*00 

4-41 

3-06 

9707 


whence may be deduced the formula 2M^0.3Si0* + 2(2APO*.SiO*). (L. Smith Ann 
Min. [4] xviii. 294.) 

BPZBBOMBTBKnr. See Broiihtdbins (i. 667). 

EPZCBXiOllHTBRZir. See Chlobhtdrins (i. 894). 

EPZCBLORZTZa. A mineral discovered by Zincken (Pogg. Ann. Ixxvii. 237) 
r.p ir Noiistadt iu the Harz, where it occurs in a rock resembling serpentine, in fragments 
I f ra<l iat ing structure. It easily separates into prismatic forms, has a strong fatty lustre, 
(lark ]«*(*k-green colour, white streak inclining to greenish, and in thin slips is trans- 
liici'iit, with bottle-green colour. Hardness *= 2 to 2*5. Specific gravity *=r 2*76. 
Civ.s off water when heated in a tube, and melts with difficulty before the blowpipe. 
If is but imperfectly docomposod by hydrochloric acid. Contains: — 

SiO» APO* Fe^O* FoO MgO CaO H*0 

40-88 10*96 8*72 8*96 20*00 0*68 10*18 


whence the formula 2(4l\ir'0.3Si0*) + 2M*0*.3Si0* + 8 aq. (Rammelsbcrg, 

Minrrakkemie^ p. 539.) 

SPZOB&MZS or ilBrziBA&S. See HoBinr Tissue. 

EPZDERIBZS or PEAJTTS* The skin of plants consists of one or more layers 
of compressed cellular tissue, constituting the true skin or epidermis, and of an external 
very thin layer of organic mucus, called the cuticle. The epidermis covers all parta of 
the plant which are exposed to the air, except the stigma, but is not found on plants 
habitually living under water. The cuticle covers every part except the openings 
tlirougli tlie .stomates. According to Fremy, the cellular substance of the epidermis 
coosist.s of a peculiar substance, which he calls cutin, differing from ordinary cellu- 
lose in not Iwng soluble in an amraoniacal solution of copper. Payen, on the other 
hand, regards the epidermis as consisting of ordinary cellulose impregnated with fats, 
nitrogenous bodies, and inorminic salts. (See Cutin, p, 186.) 

iMuldor analysed the cuticle of Af/ave Americana, separated from the plant by mace- 
ration in sulphuric acid. After exhaustion with alcohol, ether, and water, and drying 
at 130° C. it left 4 per cent, of ash : tlie organic part contained 62*90 per cent, carbon, 
6 79 hydrogen, and 40*31 oxygen and nitrogen. The substance was not, however, 
qoite freed from epidermis cells, so that the result must be regarded as only approxi- 
niate. 

BPZDSRM 08 B. See Hobnt Tissue. 

^nk&BMZirB. Syn. with Emstilbitb. 

&PZDZCBRORBYBRZV. See Chlobutdbins (i. 894). 
fiPXROXB. Zoisiie (in part). Pistadte, ThaUite. Withamite. Akantieon* 
Pelpkinite. Arendalite, Bttcklandite, Thulite, PttsekkiniU. Ackmantite 
“^rieral species, under the general formula 3(2M"0.3i0*) + 2(2R*0*.3Si0*) ■■ 
rSiO* + 2R^Si*0‘*,or 3A/0.@iO* + 2(i?^0*.SJiO*), includes three sub-species, vi*. 
epidoie or Zideile (in part) in which the bivalent metal M is almost wholly 
cium, and the trivaleut metal R is chiefiy aluminiuip ; this sub-species include 
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Thvliit — 2. Lime and iron EpidoU, VietamU. or Ept^U proper, in wHoh the caleiuia 
is sometimes partly replaced by iron (ferrosum), and the aluminium in grout part U 
ferricum: this includes Bucklandite and Puschkimte.— 3. Ma^^^ian epidotr^ in 
which the sesquiatomic metal is partly manganese (mangamcum). Besides these, must 
be mentioned AHanit^, which is a true ?erium epidote, and 

The crystals of epidote are monoclinic, a: h:c ^ 0*5509 : 1 . 0*9924. Inclination 
Of principal axis to clinodiagonal - 6r\41. O^inary combination oP. 

+ Boo . -TPoo . [Poo ]. Cleavage most distinct parallel to + P« , less distinct pamllel 
to ooPoo . Twin crystals occur, having their face of combination parallel to oopo© . 
The rrvstals are always prismatically elongated in the direction of the orthodiagonal. 
(Kopp, Krystallograpkie, p. 309.) Epidote likewise occurs coloimnar and granular, in 
particles of various sizes, sometimes impalpable. . 

^Hardness = 6-7. Specific gravity = 3*25—3*5 (of zoisite, 3 2 to 3*46; of pish- 
cite 3*35 to 3*5, of manganesian epidote 3*404 ; of withamite 3*1 to 3*34). Colour ol 
Eoisite grey or brown to white of pisfacite, yellowish-green or pistHchio-gn-en, 
to olive and leck-grecn; of puschkmite, green, yeUow, and red , of buckUndih', black; 
of manganesian epidote, reddish-brown, reddish, blaek or dark vnolet-blue; of with,, 
mite bright red ; of thulite, rose or peach-blossom red. Streak uncoloured, greyisl 
or reddish. Subtransparent to opaque, h'ractnre uneven. Brittle. 

Before the blowpipe, epidote melts on the edges and swells, but docs not cRsil; 
Honefv the varieties containing most iron being the most fusible ; borax-j^ass coloum 
b? irom The manganese variety fimes readily with intumeBcence and gives wit! 
Krax, an amethystine glass in the outer flame. Most specimens of epido e affoM 
Se globule of tin before the blowpipe. The specific gravity changes with heatnif 
Enidoto is but partially decomposed by acids, except a^r strong heating. 

Wwa-1. Brush (Sill. Am. J.[2] xxvi. 69).-2. Eammel8berg(MmT«;ei^a 
p 76of-:i. IlermannV- pr- Chem. xliii. 35).-4. O^elin (Pog^. Ann. "x. 639 

t 1. nammelsberg (loc. eit. 7 S 3 ).- 6 . Kuhn (Ann Ch. Pham. Ux 373^j-^ 
Hermann (loc. Hartwell (Kongl. Vetensk. AcaA Hand! 1848, p. 171.) 

11. Sobrero (loc cit. 1840, p. 218).— 12. Goffken (loc. at.) 


1. TJnionville, Pa. 

2. Sau alp 

3. Faltigl, grey 

i. HwliWy Souland 


I. lAme Epidote. 


S10« 

AI*oa 

Fc*03 

CaO 

MgO 

Loss by 
Ignttioa 

. 40*61 

33*44 

0*40 

24*13 

, • 

2*22 

. 40*64 

28*39 

3*89 

24*26 

0*57 

2*09 

, 40*95 

30*34 

6*51 

21*56 

. . 

1*09 

, 42*84 

31*14 

2*29 

18*73 

1*64 

0*64 


Na^O 


. . = 100*: 

. . = 

. . = lOO... 

1-89 * 


6. Are'ndal . 

6. (Icier, Erzgob. . 

7. Bourg d’Oisuns 

8. Bucklandite 
9 Puechkinite 


10. St. Marcel . 


11 . 

12 . 


»f 

»> 


II, lAme and Iron Epidote. 


SiO» 

Al«o» 

Fe»o3 

CaO 

FeO 

MgO 

Na«0 

37*98 

20*78 

17*24 

23*74 

. , 

1*11 

. . 

40*67 

14*47 

13*44 

30*00 

. . 

2*76 

• . 

37*60 

18*57 

13*37 

21*19 

6*66 

1*40 

. . 

36*97 

21*84 

1019 

21*14 

9*19 

• . 

2*28 

37*47 

18*64 

14*16 

2206 

2*66 

. . 


Ill, Manganesian Epidote. 


sio« 

Al*o» 

Fe*-0» 

Mn*o3 

CaO 

MgO 

38-47 

17*66 

6*00 

14*08 

21*65 

1*82 

87*86 

10-30 

8*23 

24*46 

13*42 

. . 

36*87 

11*76 

XO-34 

18*25 

22*78 

• • 


hy 

Ignition 


1*68 *= 
1*00 c= 

1 44 « 


100*85 

101*24 

100 * 3:1 

98*60 


SiiO CuO 

6*40 = 


100*26 

100*66 

100*0 


For other analyses soo Ramraelsborg, pp. 750—760 ; B;igia, u- 207. . 

The general formula 3(M"y^SiO^ + 2(U0-«Si»O'*, deducedJRom these “ 

composed of two terms, each of which represents an ortRosilicate, 
exhibited more plainly in that form by reducing the sesquiox^es to protoxides, 
is, by substituting in the second term of the formula, m « jB, which 
term to Sw^SiOb and brings the entire formula to the general type MjSiO . . 

Epidotos occur in numerous localities. Fine crystals are found ^ ^ . the 
Norway; hence the name Arendalite. Other localities are the Ural, 

Fichtelgebirg. Rothlaue in the Canton Berne, Faltigl in the Tyrol. Gros^J^ 
Awstrm, Hourg d’Oisana in Bauphiny, Glencoe, the mainland of SheUand, tne 
of Jcolmkill, &c. Epidote is of very frequent occi^rence in primitive 
in granite, gneiss, and syenite. Iron epidoto is, like garnet, a very fipequent oo 



EPIGLAUBITE —EQUIVALENTS. 491 


f iron ores, especially of magnetic oxide ; the numerona and extensive veins 
ore in Norway and Sweden are almost universally accompanied by these two 
especially in neighbourhood of Arendal, where they almost displace the 
which usually forms the matrix of the ore. The frequent occurrence of (’pidote 
the same locality is easily explained by comparing the composition of 
^two minerals, garnet being 3M^SiO* + l^Si^O**, and epidote 3M*SiO* + 

! »r)'» ■ we may therefore suppose that in the formation of the older rocks, when 



ILui. d. Chem. Aufl. ii, 954.) 

IPlGiAlTBim. A crystiUline substance found in hardened guano, containing 
l;m* plio.spharic acid, and water. (Shepard, J. pr. Chem. Ixx. 212.) 

SPSOBXITS. BPSOlMC-SAIiT. Sulphate of magnesium. (See Sulphates.) 


CPISTXBBITB. A mineral belonging to the zeolite family, and closely allied 
t.) stilbite. Forma rhombic prisms with the acute lateral edges truncated. Fracture 
Hiu vfn. Hardness « 3-6 to 4. Specific gravity 2*249 to 2*263. Wliito with glassy 
nacreous on the cleavage- faces. Dissolves in hydrochloric acid without gola- 
Occurs in the almond-stone of Iceland and the Faroe Islands, and in the 
(V'l. ritc of Iroliiiid. Gives by analysis 58*6 per cent, silica, 17*52 alumina, 7*66 lime, 
I ;s Moda, and 14*48 water : whence the fonuula, 2Ca0.2Al*0*.6Si0* + lOlDO. «=• 
L'l'aO.SSiO* + 2Al*0*.3Si0* + 10H=O. (G. Rose, Om. Handb.f iii. 413; also 

Waltcrshauson, e/«Ans5£r. /. Chem., 1853, 818; 1856, 863.) 

SQUATZOBTS, CBSMZCAZi. See FoRMULX!. 

EQTTISSTIC ACID. Syn. with AcoNiTic Acid. 


EQUZSBTUM. Horse-tail. — A genus of cryptogamous plants distinguished chomi- 
•:iily by the largo amount of inorganic constituents, especially silica, contained in them. 
1 ill* silica partly separates out on the external surface of the stem, where it hardens, 
' rilling imiiierous small concretions on the elevated striae with which the stern is 
ii irki d, and rendering it available for polishing substances of no great hardness, such 
IS wood, ivory, horn, i&c, 

liraconnot found in 100 pbs. of dried Equisetum fluviatile, ’23*61 pts. ; of Fj, hiemalf^ 
IIM pts. ; of K. arvense, 13*84 pts. ; and of E. limosuni^ 15*0 pts. ash consisting of: 


Pnfash, partly as silicate . 

E. fluviat. 

K. hiem, 
0*72 

E. arven$, 
0*30 

E, limonm. 
trace 

Sulphate of potassium 

\ *2*83 

0*33 

0*37 

2*20 

Chloride of potassium . 

. . 2-72 

0-28 

0*22 

1*20 

Carbonate of calcium 

. . 1*46 

0*93 

6*61 

1*60 

riiospliate of calcium (oontaining iron) 0*65 

0*80 

undeterm. 

undetenm 

Sulphate of calcium . 

. 3*39 

. 

. 

3*30 

Magnesia .... 

. 0*66 

, , 

0*46 

0*30 

Silica .... 

. 12*00 

8-76 

6*38 

6*60 


23*61 

ii-si 

13*24 

16*00 


^^I'itting (J. pr. Chem. Ixix. 149) found in 100 pts. of E. Tdmatcja (u), dried at 
71*43 pts. organic substance, and 28*67 ash; in 100 pts. of the fresh plant of 
(b), 78*45 water, 17*48 organic substance, and 4*07 ash. The ash contained 
lOU pts. : 

Si03 (’()2 SO* 1*20!' Fe20»^ MnO M«0 MgCO^ CaO CaCO* Na*0 K^O NaCl KCI 

• •'-^•15 0-19 j-CS 1.28 1*33 0*1*2 0-62 •2'24 *2* 1 1 10 07 0*(¥)3 1-23 1 12 9‘92 

• «1M() 0-1)8 ■ 9 98 3.75 0-70 0 0*2 2*81 . . 17*01 . . 0*03 11-32 0 k 4 PrOO 

E. arvensr, K. hiemale, ^d especially E. palustre, are said to be very injurious to 
■'Ole, whereas E. fluviatj^ iorms a harmless and nutritious fodder. The various 
!'« cir\sof (*quisctum contam small quantities of equisetic (aconitic) acid in the form of 
dr-iuni- or potassium-salt. Rraconnot (Ann. Ch. Phys. [2] xxxix. 6) found in 
• >msum a yellow colouring matter, which he designated as jlavequisetin [q. v.) 

EQUZVAXiBBrTS. No two substances in nature are absolutely equivalent in all 
''!’pw*t8, scarcely perhaps in any respect ; but those are most nearly equivalent which 
the greatest aflSuity to one another, either in regard to their general fime- 
or to some particular function taken as the criterion of resemblance Now the 
'finie indication of this special equivjdency between two or more bodies is wedl known 
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to consist in their capability of being freely exchanged for one another withonf 
detriment ; and this holds good no less in the science of chemistry than in the f 
tions of ordinary life, the idea of exchange, that is, of direct or indirect sulwtl?*^ 
forming the basis of the modern doctrine of chemical equivalents. 

We And in a great number of compounds that 1 pt. of hydrogen may be re 1- 
directly by 23 pts. of sodium, or by 39 pts. of potassium, or by 108 pts. of silver 
and as the resulting compounds manifest a marked mutual resemblance of const^ ’ 
and propertioB, and a general resemblance to the hydrogenised body from which tr** 
■were obtained, we say that the atoms of sodium, potassium, and silver are equiv \ 
to one another, and also equivalent to an atom of hydrogen. Similarly, we find 
gi’eat number of compounds, both organic and inorganic, that one or more atoms' f 
hydrogen may bo replaced by an equal number of atoms of chlorine, or bromine ^ 
iodine ; and as the resulting compounds correspond closely with one another, and 
sent a marked similitude to the original hydrogenised body, we say that the atonw* of 
chlorine, bromine, and iodine are equivalent to one another, and also equivalent to an 
atom of hydrogen ; whence it follows that the atoms of chlorine, bromine, iodine hv- 
drogen, potassium, sodium, and silver are mutually equivalent. We arc acc|iiaiut,d 
with numerous bodies of comparable constitution, containing respectively an atom uf 
chlorine or an atom of metal ; thus : 


HITO 

Water 

C1*S 

CICIO 

Hypochlorous anhydride 

H*S 

HOlO 

Hypochlorous acid 

Na*S 

K(^l() 

Hypochlorite of potassium 

C1*S» 

KHO 

Hydrate of potassium 

H*S* 

KKO 

Oxide of potassium 

Na*S* 

c*n»ci 

Ethyl-chloride 

Cl»Sb 

CHPH 

Ethyl-hydride 

H*Sb 

CHl-'^Na 

Sodium-ethido 

Ag*Sb 


Chlorine-sulpliido 

Sulphydric acid 

Sodium-sulphide 

Chlorine-disulphidf 

Hydrogen-disulpliidp 

Sodiiim-disulpliide 

Chlorostibint 

Stibamine 

Stibio-silver 


That we are not acquainted with a very great number of such instances of rcpljuv- 
ment, appears to arise from the circumstance that, in ferw hydrogenised bodies can ilu- 
hydrogen be replaced with equal facility by chlorine and by potassium. Asa ^tciuthI 
nile, we find that the facility of replacement by potassium is directly, by chlorine in- 
versely, us til e degree of oxidation of the coni|>ound under examination, and (•oik - 
quently that the same, body does not always afford both chlorine and metal dcrivutio 'i. 
Chlorine and potassium are two elements possessing in the highest degree those o| •}<(>• 
Bite proporticB which we denominate chlorous and basylous respectively. They art\ 
however, connected by a great number of intermediate links, and constitute, as it M i re, 
the extremities of a very long chain. From tlie antagonism in properties posscsstMi ly 
chlorous and basylous elements, wo find that the correspondence in properties lictwi cu 
chlorous and basylous derivatives of the same hydrogenised borly is confined -within 
narrow limits ; it is, however, well manifested in the phenomena of double decom- 
position. 

Wo may moke a similar comparison between other elements than those whidi 
we have as yet considered. Thus in a whole host of most varied bodies, we find that 
16 pts., or 1 atomic proportion of oxygen, are replaceable by 32 pts., or 1 atomic pro- 
portion of sulphur; and that the comparable oxygen and sulphur compounds are either 
procurable from one another by an atomic exchange of oxygen for sulphur, or mav Ihj 
obtained by precisely similar reactions from oxygen and sulphur respectively. 
for instance, as chlorine expels hydrogen from benzene, so does oxygen expel sulphur 
from stibnito ; 

C«H« -I- Cl« = C-H^Cl* + 3HC1. 

SbS» + 0» - SbO* + 3SO». 


Carbon bums in oxygen gas to form the dinoxido CO* and iff sulphur- vapour to form 
the disulphide CS*. Again, the analogous bodies, alcohol and mercaptan, are jpr^ 
curable from hydrochloric ether by means of hydrate and sulphydrate of potassium 
respectively, thus: 

C*H*C1 + KHO « KCl + C*H«0. 

C*H»C1 + KHS - KCl + C*H«S. 

In a -similar manner we may commre together the elements phosphorus, aisoJUCi 
^timony, and bismuth, when we shall find that their respective atoms are mutually 
interchangeable, and consequently ^uivalent one to another. 

In the different instances of equivalent substitution above referred to, the 
ment has bem effected by an interchange of atom for atom ; but we constantly fiodu 
addition, that two, three, or more atoms vf one element may be exchanged foi o®* 
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f another. Tliiw, if we act upon pentachloride and pentabromide of phoa* 
water and sulphydric acid respectirely, we have the following reactlona 


|.hora*' with v 

pCi* + 

PC1» + H^'S 


PC1*0 + 2HC1. 
PCl®S + 2H01. 


P3r» ^ IPO 
PBr» + H^S 


PBr>0 + 2HBr. 
PBr»S + 2HBr. 


these reactions, as in very many others, we find that two atoms of chlorine and bro- 
^ respectively exchangeable for one atom of oxygen or sulphur. Hence, taking 
of hydrogen as the unit of equivalency, we say that Uio atoms of chlorine 
^ d bromine have a single, and the atoms of oxygen and sulphur a twofold equiva- 
r Aiidin, if w’C take three atoms of hydrochloric acid, H*C1*, we can cither disidace 
h ?hree atoms of hydrogen by throe atoms of sodium, to form tliree atoms of chloride of 
«( iHura, Na*Cl^ or we can displace them by one atom of bismuth to form one atom of tri- 
*^iil-)ride of lasniuth, BiCP; SO that while the atom of sodium has a single, the atom of bis- 
Imitii has a threefold equivalency, the one atom of bismutlibeinga representative of throe 
ur-ms of hydrogen or of sodium. To faeiUtate comparison, the author of t his article pro- 
I some few years back, that mode of indicating differences in eqmvalent value which 

<*ouie into very general use — namely, by means of one or more dashes placed 
t„ the right of the symbols, so as to establish a difference to the eye between the 
i.juiviilent or substitution values of different atoms, as shown in the following 

ji.riiiulic : — 


Ag'Cl . . Silver chloride 

SnTl* . . Stannous chloride 

i;i'"Cl® . . Bismuth chloride 


AgTO* , Silver phosphate 

HSif'PO* , Stannous phosphate 

Bi' "PO* . Bismuth phosphate 


It is observable that the equivalency of an elementary atom referred to that of hy- 
t'is unity, may be determined almost equally well by noticing the number of 
I'iitrinc-, or hydrogen-, or sodium-atoms, with which it can unite, as by noticing the 
iiumiior of chlorine-, or hydrogen-, or sodium-atoms which it can replace. For every 
•■ml'ination of an element with chlorine maybe looked upon as a substitution-produet 
f ( hlori<le of sodium, in which a certain number of sod ium -atoms aro replaced ; and 
Lvt ry combination of an element with sodium as a substitution-product of clilorido of 
-Hiium, in which a certain number of chlorine-atoms are repl!ic<‘d. Tricliloride of 
;/isunith, Bi"'CP for instance, is derivable from tlireo atoms of chloride of sodium, Na^Cl*, 
y a displacement of three unicciuivalent atoms of sodium by one triequi valent atom of 
I'isimitli ; while sulphide of sodium, Na‘S'", is derivable from two atoms of cIiIoimMo of 
S'ldiiim, NirCr^ by an exchange of two uniequivalent atoms of chlorine for one di(‘qui' 
val«.M]t atom of sulphur, &c. &c. 

Ill iiKKlcrn chemistry, the notion of equivalency is usually extended to that of iuter- 
ciiinicrcuble value for hydrogen or for tlio representatives of hydrogen, as above explained, 
i!Tt>|KH;tive of any similarity or dissimilarity in properties between the equivalent 
l o'lies. In this broad sense, an atom of oxygen 0" is equivalent, not only to an atom 
ct Its annlogm*, sulphur y'", but also to an atom of its lieterologuo, tin fSn" ; while the 
fttoin of antimony, Sb'", is ctiuivalent, not only to the respective atoms of its analogues, 
iirsonic Ah'" and bismuth Bi ", but also to the respective atoms of its heterologues, 
l '•^o]J IV", and gold Au'". Again, six atoms of hydrogen 6H', three atoms of sulphur 
, and two atoms of gold 2Au'", constitute equivalent quantities of the three highly 
(iisMmiliir elements. 

1 Ills idea of (Kjuivalency is widely removed from that of atomicity, and is indeed 
ti’iito compatible with the notion of fractional proportions. There is no impropriety, 

1 r instance, in saying that an atom of hydrogen is equivalent to one-balf an atom of 
hn or eiilplmr, and to one-third of an atom of bismuth or phosphorus. This mmlo 
H i xytrcssion is associated, Tnoreorer, with the use of a special equivalent notation, as 
‘li^biiguishcd from the atomic notation commonly employed. In this wjuivalent 
introduced by Laurent and Gerbardt, the projmrtions of the different 
fipnents which arc exchangeable for one atom of hydrogen are represented by the same 
rtn m which symbolise their respective atoms, but written in small letters only instead 
of With capitals, thus : — 


HCl Hydrochloric acid HCl 

NaCl Sodium-chloride NaCl 

S"C1* Sulphur-chloride s'Cl 

Sn"Cl® Stannous-cliloride stn'Cl 

P"'C1* Phosphorous-chloride p'Cl 

Br'Cl* Bismuth-chloride bi'Cl 

C"''CP Carbon-chloride c'Cl 

Si'^CB Silicon-chloride ai'd 
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The first column represents chlorides of atomic proportions, and the second t\ •i 
of equivalent proportions, of the different metals or quasi metals. 

And this brings us to a misidoration of the sense in which the word equival 
originally introduced into chemical language by Wollaston, as a substitute for 
word atom'; for most of Dalton’p atomic weights were in reality only oquivaWt ^ * 
portions. Thus, he wrote water OOf ammonia O J » and was at first 
write marsh gas 09* Qerbardt’s symbols. Ho', Hn,' and He' respect' 

Ultimately he decid^ upon writing mareh gas O0O. and olefiant gas O^VfiieM 
making the atomic weight of carbon 6 instead of 3 ; .although his preferenTe wat* ,*! 
based upon any of those molecular considerations which can alone ih terniitu 
atoihic weight of a compound body.and liis chosen formiilm for the two hvdroearl-. Js 
were very doubtftil improvements upon those which originally suggested tru TjisJlvi s t, 
him (see Atomic Weights, i. 453). But long after many of Dalton’s equivalent ati lu:.- 
weighte had been r<3pljic(‘d by molecular atomic weights, the term equivalent e(a\tiniu'.i 
in general use as a mere synonym for the terra atom. The different meaning of twu 
words was first pointed out by Laurent and Gerluirdt ; but it is only within tliese n ot ut 
days of polyatomic radicles tliat the distinction has become fully recognised. Enniva- 
loncy is quite independent of an equality in the number of atoms, but relates soi, Iv 
to functions an«i relations ; and the previously assumed iJtuitity of the equivuien* ^ 
body with its atomic weight, of its equivalent with its atom, was most illogical. IhirK’ 
represents tliroc atoms of potassinrn, and Bi'" one atom of bismuth; but the ... 

flions correspond to the same equivalent or representative values. On the other 
there is no equivalency between <an atom of potassium or bismuth with an atuni of siii. 
con or 'tin. In order to liave equivalency between two or more bodies, tlioy iim.si .;11 
stand in the same relation to .some definite standard of comparison. 

When the same body has several functions, it is likewise poase-ssed of scTfnl 
equivalents. Many of tlie elements, for instance, have two or more distinct 
changeable values for liydrogcn. Thus 1 pt. l)y weight of hydrogen may bo displru’- il 
either by 28 pts. of iron, as in ferrous chloride, or by 18*7 pts. of iron, as in fenu' 
chloride, .and moreover, 18*7 pts. of iron in feme salts may be directly exchangcl r’l.it 
28 pts. iif iron in ferrous salts. It is evident that the metal in ferrous salts is in n 
different state from the metal in ferric salts, and that we may, if we pleiisc, call lim 
former ferroston, and the latter fcrrtcum. Then the equivalent of fcrrosimi will he 
28, and that of ferricum 18*7. Similarly, we have 7mrvurosum with an equivalmt 
of 200, and 7 nrrcnrici(m with an equivalent of 100 ; platinosuni with an e<piival( nt 
of 99, and plathucum with an equivalent of 49*o ; utantiosum with an cquivalcitf 
of 59, and sttnrnicuni with an equivalent of 29*5. &c. Assuming the correctness f if 
the atomic weights adopted in this volume, the above equivalents will bear to their 
corresponding atomic weights the relations indicated below. 


Kquiv.ilom VfvifiUtB. 


Atomic WeiKhts. 


HCl 

II 


1 

Hydrochloric acid 

H'Cl 

ir - 

1 

FeCl 

Fe 


28 

Ferrous chloride 

Fo'Cl 

Fe' = 

28 

ffeCl 

ffe 

s= 

18-7 

Ferric clilonMe 

Ffe'"CP 

Ffe'" - 

56 

HhgCl 

Hhg 

=. 

200 

Mercurous chloride 

Hhg'CT 

Hhg' = 

200 

HgCl 

Hg 

sa 

100 

Mercuric chloride 

Hg'Cl 

Ilg = 

100 

rtci 

Pt 

a 

99 

Platiiious chloride 

Pt'Cl 

Pt' « 

99 

ptCl 

pt 

» 

49’5 

Platinic chloride 

Pt"OP 

Pt" = 

99 

stnCl 

stn 

a 

59 

Stannous chloride 

SnTl» 

Sn" - 

118 

snCl 

sn 


29-5 

Stannic chloride 

Sn""Cl* 

Su"" ~ 

118 


If the atomic weights of all the above metjUs and their respective chlorides shoiihl 
have to be doubled, as seems liighly probable witli regard to some of them, tin' ij 
equivalents would still remain unalterei It is curious that Oerhardt, who est:d4K‘‘n| ‘» 
the true ntoniic weights of oxygen and carbon in lieu of the eqfflvjilent weights pro- 
posed by Dalton, and who first pointed out tbe distinction bejjjijjpfc the atomic 
and ecjuivalent of a body, should have sought to make the iithinic weights of all tno 
metals correspond with their rospectivo hydrogen equivalents. Thus he not on\ 
wrote ferric chloride feCl, and platinic chloride ptCl, but looked upon the proportieu^ 
represented by fe and pt in the two compounds as the atoms of the respective 
ferricum and platinicum ; while Laurent contondod even more strongly that they n** ^ 
every right to bo so considered. But the same class of arguments which induces um 
to regard the atomic weugh ts of the chlorous elements, sulphur and phosphorus lo 
instance, as being twice and three times as great as their respective equivalents, m 
induce us to r(‘gHrd the atoms of the basylous elements, ferricum^ and ,, 

multequivalent also.* Gerhardt’s formulse are perfectly admissible and occasionany 

• It ft evident that the atom of ferricum, or the smalleit IndlriiiMe proportion of 

•nCer into a combliiution, if twice as heavy a* the atom of fefrosuro, and not two-tblros ■■ 
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mendable, if merely to represent equivalent quantities, but they cannot 
used to represent the atoms of the elements or their Bmallest indivisible 
coirec ^ ; indeed, Gerhardt himself, after he had begun to employ the 

presently to be described, was more and more dis- 
regard his symbols as mere expressions of equivalent quantities and not of 

• tuinU V ^ ifii V»v onv TnAA.na nrvnflTiAil ♦r\ oIckTnnrtfatrrr l-wnfr 


n > iloi trinc of equivalency is not by any means confined to elementary bodies, but 
^ riliclblc to all the varieties of compounds, real or hypothetical, with which 
*) fir<- acquainted, and more partic^arly to those groupings which are denomi- 
^ * '"1 t* iniMiuDd radicles. Wlietlicr or not we admit the independent existence of 
1 compound radicles, it is indisputable that certain poupings of atoms are 
^ ^ of bfiiig transferred from one combination to another in exchange for an atom 
^f'^hvciro'rcii, or cldorine, or metal; or in other words, are capable of n’pliicing 
''‘. j' chlorine, or metal by equivalent substitution. TIius we can tninsfer 
t*' mo Imilar groupings which we denominate cyanogen, ON; amidogen, NH*; per- 
l.llkof l,y.lros<'n, HO ; brnzoyl, CHHO ; acetyl, CHPO ; othyl, C^H* ; amyl, CHI", &c., 
fr-un one coinponncl to anotlier, in exchange for one another, or for hydrogen, or its re- 
r iifntativeH, with a facility by no means inferior to that with wliich we etfect actual 
tl. mciitiiry substitutions; and for a long time past these groupings have been looked 
tu..tn MS tlic representatives or equivalents of one atom of hydrogen. ]>ut the notion 
(f rinilt(*«iuivalency, in relation to compound rjidicles, is much more recent, it liaATiig 
l ull tirst announced l)y AVilliamson in 1851, and then not as a consequence, but us an 
i rticipation. of its already described application to several of the basylous metals, 
viii h was first advocated by tlie author of this article in 1864-155. Just as w’e can 
t xcliiin^r*' an iitoin of ethyl or cyanogen (CN)' for one atom of hydrogen, so can 

Vf' fXfhange an atom of sulpliuryl (80*)" or carbonyl (CO)" or oxalyl (C*0*)" or 
ifi.vli iHj {C'-lI*)"for two atoms of Iiydrogon, and an atom of phosphoryl (PO)"' or 
Lbi i'fyl ((T4I'*)'" for three atoms of hydrogen, &-c. &c. 

.1 iiiiiltrquivalent radicle, whether elementary or compound, is chiiracterised by tho 
j n j crty of combining several atoms or residues into one more complex atom, and is 
lutnv spoken of as polyatomic, the multequi valency or polyatomicity of radicles 
iM-iiiir iiuleed one and the same function, looked at from a somewhat different point of 
view. Comparing chloride of bismuth, BiCP, with chlorido of hydrogen, 3liCI, for 
iiisrunce, tli(* atom of bismuth is trieipiivalent, inasmuch as it displaces three atoms of 
I v'lr and it is triatoniic, inasmuch as it unites the thrc;e chlorine residues intoono 
t'M!ii|tlex atom or molecule. Again, tlie diequivalent radicles, ethylene, C-IP, and sul- 
j l anl. SO'-, by their substitution for hydrogen, bind together tlie residues of two atoms 
< t livdrocliloric acid, of two atoms of water, of two atoms of ammonia, &c. &c., and ai*o 
o i!^t-(|neiirly diatomic. Thus we have (C'‘1P)XT“ and (S0*)"C1* comparable with 2HC1, 
i< and (80‘‘')"n*0* comparable with 2H*0, and (C’“IP)"n'N*and(SO*)"H<N* 

(‘oHijtiiriible with 21PN. 

by referring to the article Classification, it will be seen that in every definite mole- 
th(‘sumof tho equivalencies or atomicities of tho constituent radicles, wliether 
<:< limitary or compound, is always an even number, and that the equivijlcncy or 
;i!oniii<it v of a radicle increases by one unit for every atom of hydrogen or hydrogen- 
nil'stituto iibstractiHl from the rnoleeule. In tho case of marsh-gas, CIP, for instance, 
I'V abstracting H' w'o have the uniequi valent radicle mctht/l (CIP)\ wliicli combines 
with ene atom of chlorine to form chloride of methyl, {CIP)'C1 ; hy abstracting II* we 
have the ditHjuivalcnt radicle methylene (CIP)", wdiich combines W’itli two atoms of 
chlorine to form dicblorido of metliylene, (CTP)"C1* ; by abstracting H* we have the 
trii'juivident radicle formyl (CTI)'", which unites with three atoms of chlorine to form 
trii hlorido of formyh (CH)'"(b*; and, lastly, by abslnicting IP we have tho tetrequi- 
valeiit radicle carbon C"", which combines with four atoms of chlorine to fonn tetra- 

. ' ■ 

RimiUrly, thfi 8mHUost|H4||^i6n of plaMnicum Uiat can enter into a combination ha* the same weight, 
not one-lialf ihe welgnf^f an atom of platinosiim. 13y reducing all chloride* and oxide* to proto- 
«H'I proioxide*, wft Ignore the folloAtng facts: — 

!• I hat iliere i* a great distinction In properties between protosalts and dl- or *esqui*>aU*. Alurni. 
It'uw, Tor instance, rorm* but one set of salt* ; these might very well bn consldpred as protosalts, but 
wot so cuiisidercd, simply because their properties arc altogether different from tho&e of pro- 

f I hat in well-deAned molecules, w'e rarely find »i» small a quant ty of platinirum, or of fcrricum, a* 
rre»nond» with Gerhardt'* atomic weights, but twice the former, and three times the latter quantity. 


HCl.NHpt* 
HCl N^H^pt* 
NH^Cl.pt^a* 


Iron-alum 

Magnetic oxide of iron 


fe»K(SG<)*. 

feSFcO*. 


thus : _ 

of platlnamine 
jdr., chlorate of diplatinamlne 
nunonio-chiorldo of platinum , . 

tKai ‘bree times fc, or, al, Ac., are usually the smallest quantities of pt and fe, Ac, 

^ C'tii result fronr, or effect, those reactions in which the reacting quantities are detcrmintsl by th 
■“‘ouni of some other element concerned, thus : — 

K^O.CrW + 8HC1 = 2KCI + 3crCl 411*0 + 3C1. 
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chloride of carbon, CTTl^ Again, it will be often fotmd that 1 _ 

maat have, two or more distinct equivalencies (Hr atomicities. 

^hen resulting from the dehydrogenation of tritylene, is finiaqidvalent 
atomic, and unites with one atom of chlorine to form chloride of aU^ 
when resulting from the dehydrogenation of hydride of trityl, C*H* it is 
lent or triatomic, and unites with three atoms of chlorine to form trichloride of 
(C*H'^"Cl*). But how it is that these relations subsist, and why itis that 
subsist, have been already fully considered in the article on CtassmcATipN, abo??^^ 
ferrod to, ^ ^ 

The notion of equivalency, hitherto exemplified in its application to elementary and 
compound radicles, may likewise he extended to molecules, though with a less dearee 
of precision. Thus every molecule containing a displaceable atom of hydrogen, or thi* 
representative of a displaced atom of hydrogen, is in one sense equivalent to a mobHoiiI 
of hydrochloric acid, HCl, or to the double atom of hydrogen, H* ; hut in anothtr 
sense it may be equivalent to very many such molecules or double atoms. For instaiK^e 
a molecule of water, 11*0, is in one sense equivalent to a molecule of hydrochloric 
acid, HCL Both molecules, when treated with metallic sodium, lose an atom of 
hydrogen in excliangc for an atom of sodium, which remains combined witli the 
residues, Cl and HO respectively, wliich residues arc capable of being freely oxchnni»id 
for and are consequently equivalent to one another ; as in the following examiilf 
NO.Cl + Na.HO = NO. HO + Na.Cl, — so that we have H* equivalent to HCl, t-quiva. 

lent to H''*0. Again, the molecule of sulphuric acid, H“SO^, is equivalent to a mole* 
cule of hydrochloric acid or of water ; for we are acquainted with scores of inslancpj 
in which the molecules HCl and H^SO^ effect precisely similar reactions, or in which 
,i the residues Cl and HSO^ are mutually interchangeable, thus: 

(C^H-O + HCl « C-H^C1 ^ + H'O 
jeWO + mSO< « C^HMISO* H^O 
C'lPCl + H-^SO* C*^H‘ HSO< + HCl 

But in other cases we find the molecules of water and sulphuric acid equivalent to 
DpLolecules of hydrochloric acid, thus : 

F'SO* + Na* « Na*S0< + H» 

H^O + Nh* « Na'^O + IP 

2ITC1 + Na« « 2NaCl + W 


Moreover, though in the above instances the molecules of sulphuric acid and water aro 
equivalent to one another, yet in other instances one molecule of sulphuric acid is 
equivalent to two molecules of water, thus : — 

+ 2PCH =. SO*CH + + 2PCF0 

2H''0 + 2PCP « H*CP + n*CP + 2PCP0. 

Or the molecule of hydrochloric acid being equivalent to two atoms of hydrogf'n, 
the molecule of water is oquivalont sometimes to tw'o, sometimes to four, atoms of 
hydrogen, and the molecule of sulphuric acid to two, four, six, or eight atoms, Icc. 
We have already seen that marsh gas, regarded as liydridc of methyl, CIP.H, is oyii* 
valent to two atoms of hydrogen ; hut regarded us dihydride of methylene, d 

is equivalent to four atoms of hydrogen ; regarded as trihydride of formyl, GH.H*, it i<( 
equivalent to six atoms of hydrogen ; while regarded as tetrahydride of carbon, 
it is equivalent to eight atoms of hydrogen. We thus arrive^Ht the conclusion, that 
the miiximura equivalency of any molecule is the sum of the equivalencies of its con- 
stituent atoms, whilst its minimum equivalency is that of the most simple type to 
which it can bo referred. Generally speaking, however, when copiparing the 
IcDcies of more or less similarly functioned bodies, wo considg^feim to be formristed 
upon those typos with wliich their most characteristic Thus, 

although every dibasic acid is of necessity monobasic also, and'lhpSble of undergoing 
a whole series of reactions, and producing a whole series o^ which aw 

strictly comparable to those of an undoubted monobasic acid, yet w^S^om refer d 
to a monatomic type, but remember only its more characteristic dBbwj habitudes 
and represent its equivalency as double that of a monobasic acid. FoF'fetampl^^® 
do not usually acco]^ to sulphuric acid the formula H (HSOy comparable with Bbl, 
and equivalent to two hydrogen-atoms, but rather the formula H* (SO*/' comp^hie 
with 2 HCl, and equivalent to four hydirogen-atoms, and so in other instances. W. v* 

BKBXirM. The metallic radicle of erbia, one of the earths associated with ytt^ 
Its atomic weight has not been determined. 

Erbia was (Sscovered in 1843, by Mosander (Anm^Cb. Pharm. ^viii. 21®** *** 
name is derived from Ytterby, the locality of gadolini^^ which mineral erbia 0(^ 



thff terbia. Th^ three earths, which wore formerly confouiiiW 

wider the^^ueral name ytfeia, differ from one another in basic powef, erbia 
k!^ the weakest; but no complete method of separating them has yet been discovered. 

A iStial separation is effected by ftuctio^ial precipitation with caustic ammonia from 
fhi^Iution of the nitrates, or with acid oxalate of potassium from that of the 
T hates, erbia ^ing down first, then terbia, and lastly yttria. (See Yttbium). 

** jrbia, obtained by igniting the precipitated hydrate, has a deep yellow colour; 
whiu prepared by igniting the oxalate or the nitrate, it is lighter in colour, probably 
on aocownt of finer mechanical division. Wlien ignited in hydrogen gas, it yields a 
tiniall quantity of water, and becomes colourless. It dissolves in hydrochloric acid 
without perceptible evolution of chlorine. The sohitions of its suites are colourless. 
The sulphate has a sweetish taste, and crystallises like sulphate of terbia {q. u.), but U 
(listinguished therefrom by not efflorescing at 80° 0., even when kept at that tempera- 
ture for a week. Tho sdlution of tlio nitrate does not become coloured when concen- 
trnt<Hl; and the salt, which forms radiating crystals, often eolonrless, but sometimes 
vitha roddish tinge, does not deliquesce; in both these respects, it differs from suJ- 
ph.ito of terbia. 

CAEMACAUSZS or Drca^, A slow combustion taking place in presence of air 
and water, and accompanied by a kind of fermentation. The water doubtless acta in 
this process in the same manner as in the rusting of iron, viz. by altsorbiiig tlie 
0 IV 2 CI 1 of the air, and transferring it in the liquid form to the eonstitueiits of tho 
organic c.oni}>ouiid. Simple oxidation of organic substances in t lie air. .such os tho con- 
V. rsioii of jiltlehyde into acetic acid, or the resining of volatile oils by exposure to tlie 
uir. ;ire not generally regarded as instances of cremacaiisis. 

In ereinacausia or decay, the carbon and hydrogen of the compound are converted 
hy comVmstion into carbonic acid and water, w'hile the nitrogen either escapes in tho 
frill uf g:is, or is converted into nitrous and nitric acid. As in tin's process the con^- 
pouiid coiitiiiiiiilly loses more and more carbon and hydrogen, it might be supposed that 
the r(‘si(liic would become continually richer in oxygen. This, however, is not alwaya 
t'locaso. For while tho carbon of the compound is combining with the oxygen of - 
t!it‘ :iir and forming carbonic acid, it is possible that a large jiortion of the oxygen 
f'laitaiiicil in the conqKnmd may go off wdth the hydrogen in tin* form of water, so 
t.har the residue may become richer in carbon than the original compound. Such, 
.iivi'nling to Sau.ssure, is the process wliich takes place in the decay of wood, and its 
(vinvtTHion into humus or mould, a substance wdiich is richer in carbon, but is afllcr- 
w:mis. Iiy a further process of decay, completely converted into carbonic acid and wator, 

A decaying substance may bring other bodies into the state of slow combustion. 
r>t (:iyiiig organic substances surrounded with a mixture of hydrogen gu.H and air or 
"XYj;. n, cause it to condense in the form of water (Saussure). Decaying substances 
Ml lor.tai't with water and alcohol cause tho latter substance to oxidise and form 
Ji'Vtic :u'id. (Liebig.) 

Krt'riuu ausis i.s accon)panie<l by evolution of kraf ; which in most cases, in conse- 
'i’lt iwi- oi the .*ilowness with which it takes place, and thecooling pnxluced bysiun’ound- 
Mij ihioots, amounts to only a few degrees, but when large masses are concerned, may, 
uiidi r favourable circumstances, rise to such a height as to induce rapid combustion 
'v'K' ( oMHusTioNf, i. 1093). In some few case.s, eremaeausis is attendi'd with develop- 
iii.-nf, (if lights as in decaying wood, &c. 

Nith n^gard to tho ^cliavioiir of nitrogen in eremaeausis, a great number of par- 
lu-iilars lijive to be observed. 

, nitrogen of an organic compound escapes in the form of gas, especially if 

10 lur ha.s fnie acecfja, or the compound is expo.sed to the sun, and no salifiable bases 

arc prosoiit. ^ , 

2. It is convcrt^wS^fiitric acid, especially with free access of air, in the shade, 
aijf in presence of a. sfidifiable base, which favours the formation of the nitric acid. 

ais base ni^^e potash, soda, lime, or magnesia, in combination with carbonic acid 
eo ; for the carbonic acid escapes as fast as tlie nitric acid comes in 

act with the potash, and the organic acid is destroyed by tho slow combustion. 

^ produced by fermentation in the interior of th^ mass may also, when it 
and r** induce the oxidation of the nitrogen which is there being set free, 

1 nitrate of ammonia by combining with it, as W'as formerly observed by Thner 
nit putrefaction of cow-dung. If fixed salifiable bases are present, the 

ammonia itself may also be oxidised and converted into nitric acid. 

I, According to. Vaudin’s experiments, the formation of nitric acid 

lo he preceded by of nitrons acid. - • 

whV )! of the coi^p^’nnd unites with its hydrogen, and forms ammonia, 

cn generally escapeg^.cnt^dnate. This ammonia is not 
‘‘^niacaiisis as of fermentation. 

Vou IL 


K K 
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4. Non-aiotised organic compoi^nds to 

DitTDgen from the air during, eremacaiifiitf, !& liitf ifet at 
acid; , ” , 

Extract of Hybscyamv^, when kept for aminoii* * 

the interior of its mafls, hut becomes covered With need^ of 

ammonia. : (Flakciioff.) ^ _ 'rr* ^of 

The leaves of man gold wurzel, grown on a poor, sand^ soil, do not W>ntam any n* 
ceptihle quantity of nitre (those which . grow on a rich soil contain a conrid^^ 
ble quimtity), hut chiefly malate and oxiu^e of potassium. But when snspend^ 
on threads for some months, they become thoroughly penetrated with nitre aS 
coyfefcd with fine crystals, nitric acid having, in fiict, been formed by decomposi. 
tioiv of , the azotised matter in the leaves ; the oxalate and malate ore found to hw' 
disappeared entirely. (Bra con not, Ann. Ch- Phys. xxxv. 261 ; also Pogg. Ann^ 
x»^^06.^ 

Extract of quassia, after a year’s exposure to the air, contains more nitre than 
it would contain if kept for the same time in close vessels. (Plane he, J. Phami 
jLxiii. 648.) 

Extract of Borago officinalu, when not sufficiently evaporated, gives off nitric oxide 
gas on being stirred. (Guibourt, J. Pharm. xii. 134.) 

The aqueous infusion of orange leaves evaporated in the air on flat dishes, yields, 
according to Vaudin, an extract, which, if exposed for a few hours to damp air, and 
then ool&cted in a pot, swells up considerably, from evolution of nitrous acid, and 
continues for some months to give off this gas, whenever it is stirred. 

* ajppcars to be tlic woody fibre of plants which more especially attracts the nitro- 
gen of the air; and the nitrogen thus absorbed takes up oxygen and remains combined 
' yrith the woody fibre in the form of nitrous acid, till that acid is transformed into 
; pitric wid, which then unites with the potash and lime contained in the salts of the 
vegetable acids present. When liquorice- wood is exhausted 22 times, first with cold, 

and then with hot .water, the last extract still gives oflf nitrous fumes when treated 
tartiiric acid. The juice expressed from the fresh herb of Lgcopsis arvmsis con- 
tains neither nitrous acid nor nitre : but the exhausted residue, after four weeks’ 
exposure to the air, yields with hot water an extract which gives off nitrous acid when 
treated with tartaric acid, and deflagrates on red-hot coals. When Iceland moss 
(lAchm Ulandicus) is several times exhausted, first with cold and then with hot wafer, 
exposed to the air for some time after each immersion, all the extracts yield nitrous 
ai^ And nitre. (Vaiidin, J. Chim. m6d. i. 674 ; ix. 321.) 

Wben the air has but partirJ access, part of the hydrogen of the organic compound 
appears to combine with the nitrogen of the air and form ammonia, which can then 
supply the requisite quantity of nitrogen to the fungi which grow upon these putrefy- 


ing substances. 

AVhen an aqueous solution of milk-sugar or common sugar is left for three montlis 
in a stoppered bottle, together with a sevenfold volume of air, and the mould, which 
is produced in particular .abiiiidanco from the milk-sugar, is subjected to dry distilla- 
tion, a large quantity of ammonia is obtained ; hence there lias been produced in ths 
fungus, together with cellulose, a nitrogenous substance, doubtless of albuminous nature ; 
for when the fungus produced from milk-sugar is digested in acetic acid, a liquid 
is obtained wliicli gives a precipitate with ferrocyanide of potassium. Starch from 
arrow-root, when kept under water in a bottle also containing Air, soon becomes very 
turbid, and in ten weeks forms a wliito deposit, together with a large quantity of 
mould in the mass, and finally also a little on the surface. A fungus of tins kind ol> 
tained from potato-starch yielded strong traces of ammonia when subjected to dry 
distillation. A mixture of humic acid and sugar, moistened with a small quantity of 
water, and kept for six months in a closed vessel containing ® large 

tity of ammonia when treated with potash. In a similar mai^er^ wood^r fibre, winch 
putrefies with scanty access of air in the lower strata of a vegetable soil, appeJirs to 
form ammonia^ part of the hydrogen of the wood combining with oxygen of the 
air, and another portion with the nitrogen. This ammonia, accordSjjf ’fo Kiihlmann a 
supposition, may be afterwards transformed into nitric acid. In^'^ this manner we 
mignt explain the formation of nitre in tlie caves of Zcilan described by J. 
where no animal substances' can be discovered [there are, however, 
vegetable matters prescntl ; also the formation of nitre in India, Spain, IJI ^ 

grottoes on the banks of the Seine, and in many cellars. (Mulder, pr* 


XXXll. 320, 344.) . . ^ 

Damp wood* putrefying in confined air, converts the 0 ]Men of the air into on 
volume of carbonic anhydride, producing, at tlie same much moio 

carbonic anhydride (Saussurey At tho same time, OTllWcr, a small 
nitrogen is absorbed from the .air, and some of it is converted into arnmoma, T 



U ant^ w certain fungoid snbstanceg, 

a»totm«4 «ri- 1®*-) 


slow combnsJipS at ordinary t«mperatur(>s 
■ ♦fig but when modafiitdy boated or exposed to 

cepeciaUy to diwct v . ' 

isBecessaiy as well as heat t substances which, between 1009 and 120"^ C., 
(for no alteration out pf contact of air, decompose in the air, CTCn when but sightly 
Lated. (Chevreul, An^yM Owan^tts, > 69.) 

Compounds which remain unaltered when exposed to the air at medium tempera- 
tures in the dark, become changed when likewise exposed to liglit.. These changes, 
due to tho action of light, are especially conspi^imis in manv organic colouring matters, 
afl indico. Prussian blue, saMower, turmeric, and the coloura of many flowers which 
lfb“achofthW (Chevreul.) 

Coloured fabrics, e.g, silk and wool dyed with safllower, weld, or turmeritf, which 
rradnally fade on exposure to sunlight, suffer the same change in an liour or two, 
when subjected in the dark to a heat between 160° and 200° 0., tho air having access 
to them at the same time. (Gay-Lussac and Thdnard, Ucchcrchea jphysieo* 
chimiques, ii. 166; Gm. vii. 96.) 

BEBMAIO’jrXTB. A silicate containing cerium (perhaps an impure ortlptc), 
from the island of Stokd, near Ijrevig, Norway, whore it occurs in dark brown, trmis- 
lucont, imbedded grains and folia, with no traces of crj^stallisation. Jiustro. vitr^jous. 
Spwific grarity 3*1. According to a preliminary analysis hy Bldmstrand (Pogg. Ann. 
Ixxxrii. 168), it contains 31*35 per cent, silica, 34'S9 oxides of cerium and lantha-'^ 
nuni, 1171 alumina, 6*46 lime, 8*52 ferrous oxide, 0 86 manganous oxide, 1*48 yttris, 
4-23 water and loss. : 


SREMITB. The name pven by Shepard (Sill. Am. J. xxxii. 341 ; xxxiii> 
"0) to a ceriferouB mineral, which, according to Berzelius, is perhaps fluoccrite, but is 
ri'L'arded by Dana as monazite (q. u.), although, according to Shepard, it contmns 
fluorine. 

S&GOTZETXS. The active principle of ergot of rye. It is obtained by treating 
the ergot with ether to remove fatty and waxy matters, digesting the residue in boiling 
alwliol, concentrating the solution by evaporation, and precipitating by eold water, 
h is a rod-brown powder, having a sharp bitter taste, iJifusildo, iu.soliible in water, 
othor, and dilute acids, soluble in alcohol, strong acetic nci<l, and caustic pot|i}i; 
pulphuric acid dissolves it with rod-bwwn colour. Its action on the animal econbiiiy 
is .-aid to bo slowly but mortally narcotic. (Wigger.s, Ann. Ch. Plnirm. i. 171.) 


E&ZCA CARETEA. This plant, grown on a magno.sian limestone soil, and 
p:ifli('n*d in .luno, gave off 48-76 per cent, water, at 100® C., and the dry n\siduc yielded 
2-^6 ash, containing 21*95 per cent. K^O, 1*46 Na®0, 32 07 CaO, 14-28 MgO, 3 44 
Id'U*, tmee of manganic oxide, 6*43 P*0*, 6*44 SO*, 3*67 NaCl, and 12-38 silica. 
(Ivuthe, Ann. Ch. Pharm. Ixxxvii. 118.) 

BRZCA VUXGA&ZS. Syn. with Calluna Vuloaris (i. 722). 

ERZCACBJB. According to Rochledor (Ann. Ch. Pharm. Ixxxiv. 368) all plants 

this order contain Jannic acids, the anhydrides of which may be represented by the 
p<‘n(ral formula e. g. 

Gallic acid in Arctostaphvlos uva iirsi 

Callntannic acid C'G1'*0" „ Calluna vuigjiris 
Rhodotannic acid C’‘‘rP*0^ „ Rhododendron femigineum 
Iteditannic acid C’^H'*0® „ Ledum palustre 

according to ^uberth's investigations (Joe. cit.) Erica herhacra contains a similar 
J^id, tho anhydride of which is C“H'*Ob All these acids (excepting gallic acid) turn 
ffJTic salts gre^^orm a yellow precipitate with stannic chloride, and, when heated 
with Bulphnric or hydrochloric acid, give up the elements of water, and form a yellow 
w rod colouring matter. They all contain ericolin, a volatile oil, and probably also 
•’’uall quantities of citric acid (Rochledor). According to Uloth (Ann. Ch. Pharm. 

215) all ericaceous plants yield, by dry distillation, a crystallisable substance 
«tIledericinone, ^ j 

^ZCZHOE. C’®H**Q,. A product of the decomposition of ericolin (p. 600) 
of pinipicrin, obtaijie^tf^togethcr with gluwse, by distilling either of those sub- 
- ance.s with dilute sulplri^^ or hydrochloric acid. It then posses over as a volatile 
^lourless at first, but sooner turning brown, from oxidation (Rochloder, 
°<^bwarz, and Hawaii er). Its formation from ericolin is represented by tlK» 

xk2 
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ERICINONB 


equation, + 4H*0 « 4C®H»*0< + C“H*«0 ; imd from-binipLeriQ^^ n4ii^ 

+ 2H-0 = 2C‘'H'»0'» + C‘«H «0. ^ V , ^ Py 

The same volatile'oil, but already somewK^t alter^ is obtained by disHliiif» • 
water the leaves of (Jalluna vulgaris^ Hhodode^idron (Rochi 

ArcioslaphgloB uva ursi (Kawalior), Ledum ptdttlttr« Erica 

(K 11 berth). " ' v , 

Tlie volatile oil af Ledum pahtstre is a mixture of erieinol with valeric acid au^ tl 
oily aeid, .ind an oil isomerie with oil of turpentine, boiling at 100° C. When 
from the ai'ids by repeated agitation with potash-ley, then washed and dohvdr t/ i 
it yields by dist illation between 115° and 1G0° C. a mixture of ericinol ami no ' 
oxygeiiatoil »>il, but between 236° anti 250°, chiefly ericinol, while a resin reni ' 
beUiniL 

Ericin4>l thus obtained is a bluish green oil, having a disagreeable smell, and buniiinr 
nauseously bitter taste, and boiling between 240° and 242° C. When once disliltj 
with sticks of |x>tasli, it is partially discolouretl, has a specific gravity of 0 874 at 20 
and contains on the average 79 06 piT cent, carbon and ir03 hydrogen, atT(viiiJ 
approximately with a fmniila C'®ll*®0 (calc. 78*96 C and 10*52 H). Hy 
with excess of solid potash, it is converted into a non-oxygenatod oil, (FroUJe 

J. pr. Chem. Ixxxii. 181). 


s&zczxroirs. C24P'0»(?) (Uloth, Ann. Ch. Pharm. cxi. 215.) An indiiTorfiit 
Crystalline substance, obtained by the dry distillation of ericaceous plants. On snh- 
mitting the extract of a plant of this order to dry distillation, and preci}»ilatiiiir tli*' 
liquid distillate with acetate of hiad, ericinoiie remains dissolved, and may be obtniiu.l 
in the crystalline form by jirccipitating the lead with sulphydric acid, evaponitiii;: 
the filtrate to dryness, and subliming the residue between two wateli-glasses in siimll 
quantities at a time. 

Pure erieinono sublimes ill feathery groups of white crystals having a silky lust rr. 
It dissolves easily in alcohol and other, and crystallises from the alcoholic solution in 
quHxlrutic noodles, aouminatod with triangular or rhombic fiices. Its solution, wlun 
fresh, is neutral to vcgofablo colours, but ilocumposrs gradually, turning bnjwn iiml 
acquiring an a<.ud reaction : the crystals likewise undergo slow a]U?ration, especially 
tinder the inhiience of light. Ericinoiie is inodorous, but has a sweetish taste, with 
eomewliat astringent after-taste. It melts at al>out 167° C., and solidifies in tho 
iTystiilliiu* stati'. Sublimation begins far below the melting point; at higher tcjnp'- 
rutuTOS it is attended with partial carbonisation. 

''I lie solution of ericinoiie is not precipitated by aedate of Icad^ either neutral or 
basic, but on addition of ammonia a white precipitate is formal, which afterwnnl'i 
becomes dark-colourcd. Tt is not altered hy ferroKs or ferric saiU : it quickly reduerH 
sdver and gold from their salts; platinum from the chloride on addition of animnnia, 
and boiling; cifproivs oxide, from an alkaline cupric solution, oven in the cold. In con- 
tact with alkalis^ it quickly turns brown and absorbs oxygen, the colour disap|K'ariiig, 
however, ns soon as all the ericinoiie is decomposed. 

yitric acid converts erioinone into oxalic acid. Jh/drochloric acid dissolves it without 
decomposition ; but on adding chlorate of potassium to the warm solution, chloranil, 
C®CFO‘‘*, separates out. 

Acconling to Uloth’s analyses, cricinone contains 62*85 — 63*40 per cent. carl>on ana 
5*48 — 5 26 hydrogen, whence he deduces tlie formula (calc. 63' 10 

carbon and 5*26 hydrogen). ITo thinks it probaVde that cricinone is a product of the 
decomjKisition of <*rieoliii. Hesse (Ann. Ch. Pharm. cxiv. SOf) regards cricinone as 
identical with liydroqiiinouc ; but Zwonger cxv. 108), under whose direction 

Uloth’s oxperiiueiits were made, is of opinion that the two bodies ajj^^stiuct 

SRZCO&ZXr. A resinous substance found in several plants" of the ericacMiw 
order, especially in the herb of tlio marsh wild rosemary. Ledum palustre (Boclilen‘‘f 
and Schwarz, Ann. Ch. Pharm. Ixxxiv. 368), less abundantly in t^e common heatJi 
or ling, Calluna vulgaris (Kochleder, ibid. 364), in lihcdodmd^on frriufiveum 
(Schwarz, ibid. 361), and in the rod bearborry, Arctostaphglos (Kawalicb 

Wien. Acad. B<r. ix. 29). ^ 

It is prepared from Jjedum palustre by throwing the chopped leaves into boiung 
water and boiling for ’several hours; then straining the liquid; precipitaring 
basic acetate of lead ; evaporating tbe filtrate in a retort to one-third of ite doIKi 
filtering from the separatcal lead-salt ; freeing the liquid from leadl by pilphydnc • 
evaporating the filtmte to an extract; and dissolving out the ericolin cy 
ether-alcohol. The substance left on evaporating this solvent is then repeatedly dissoiv 
in ether-alcohol, till it no longer leaves any residue, (Rb cbleder and 
EricoUn may also bo separated from the mother-liquor obtain^ in the 
of arbutin from the leaves of red bcarbeny (i. 364), by heating that liquid wi 
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to 

hytlrogen ; 


V ’ •olin obtained oy me nim prwesB is a orownisn-yeiicw powaer, whicu ca 
tl^er at 100® C. slid has a very bitter taste. Kochlerlor and Scrhwarz found it 
^ in /after dwluction ofl0’6 percent, ash) 61*71 percent, carbon and 7*19 hyilrogi 
ni" they deduce the formula (61*00 0 and 7*00 H). 

'' ilfited with dilhte sulphuric acid, it is resolved into ericiiiol and glucose : 

+ 41TO = C'®II'®0 + 4C®n'‘0®. 


SBXKZTS* a cupric arsenate, occurring in mammellated crystalline ^up«, of a 
fine fmerald-greon colour, in the county of Limerick, Ireland. Specific gravity = 4*043. 
jiardness = 4*6—6. Lustre almost dull, slightly resinous. Streak green, paler than 
tho colour. Subtranslucent or nearly opaque. Brittle. Contains, according to an 
Hpproximate analysis by Turner (Ann. Phil. [2] iv. 164), 33*78 per cent. A8''0\ 
5^44 CuO, 6 01 water, and 1*77 alumina; whence the formula SCuO.AsW + 211*0, 

or (:ll*A8*0^2CllH*0^ 

The name erinite has likewise been applied to a variety of bole found at the Giant’s 
Ciiuseway. (!^o analysis/, i. 6ia) 

SSIOPBO&UM VAOZNATim. Hare'a-tail Cotton — Tho plant 

(;njwu oil a mai*shy peat soil in the neighbourhood of Berlin, yielded in the fresh state 
07 1.3 percent, water, 41*65 organic substance, and 1*22 ash. Of the ash, 47*43 per 
inii. sviis soluble in water, 32*03 soluble in weak nitric acid, 20*54 insoluble in iiilric 

Tho ash contained in 100 pta. 32*26 SiO*, 4*59 CO®, 2*18 SO», C IO FO", 3*74 
3-S6 IVO®, 4*38 MgO, 10*48 CaO, 1*15 Na*0, 28*62 K*0, 2*40 NaCl, 0*34 KOI. 
(K. Witting, J. pr. Cheni. kix. 149.) 

£itXTANNXC ACn>. A constituent of Enca hi rhacea. It colours 

green, and is decomposed by sulphuric acid, yielding a yellow colouring 
called orixanthin. 


SRLAirXTfi. An imperfectly crystallised silicate from the Krzgebirg, of greenish 
;:ivv colour, with traces of finely laminated .structure. Spiicific gravity - 3 0— .3-1. 
ilapfhu'ss between apatite and felspar, Medts before the blow|)ipo to a clear bead, and 
dissolves with greenish colour in borax (Handw. d. (them. 1“* Autl. ii. 960). A<'(wd- 
ii!i:to LHiripadiu.s, it is a silicate of calcium. 0. Gmelin, on the other hiind, found it 
t 'cnritaiii 5316 per cent. SiO*, 14*03 AR)^ 7*J4 iVO’, 0*64 Mii*0>, 14*4 CaO, 6 42 
M'O. 2 (»l Na*(), and 0*6 loss by iguiliou. {Uamnidshery's Miner (ilchemie^ p. 771.) 

ERSBTZTE. Pure lime labradorite from Ersby in Piidand, formerly regarded os 
;i!;i!}dnjii.s scoli'zite. (See TiAHiiADOitiTK.) 

CRUBESCITE. Purple eopper (p. 78). 

SRUeze ACZD. C'*G1**0*--An acid obtained, together with oleic acid, by the 
Mp"iiitic:itiuii ol the fixed oil of white iiuvstard {^t^inupis olficC). The oil is f.-apoiiilicd with 
the so!ip is decomposed by liydrotdiloric acid; tbo mixture of 01 ucic and oleic acid 
{.mdueiMl is treated with oxide of lead at tlio hi'at of the water-bath: the product 
with ether, which dissolves the oleato of le.ad ; tlic ivsidiie tn"bed witti h\fbo- 
'• done .leid and alcolnd; and the clilorido of lead separated by filtration ; tlio liijiiitl is 
'(>tilkMl to separate the alcohol ; and tho rmnaining fatty acid is boiled witli water to 
r' riiovp hydrochloric acid, then ciystallised several times from alcohol, till it exhibits a 
melting point. The fixed oil of black mustard likewise eontainy crucic acid. 

hrucie acid crystallises in shining needles, which molt at 31° C. Its sodium-mlt 
1'^ sulul)le in alcoho}. The barium-salt^ C'^'^II^'BaO'**, is precipitati'd in flocks on mixing 
..‘,7,,’^,. ,? of barium and enieate of sodium. 9'lie I Kid-salt, 

. 0*, is a white precipitate obtained in like manner. The silv>‘r-saU, C**H“AgO*, 

IS A curdy precip^jte, which becomes coloured on exposure to light. 

1*^^?***^' 4 crystalline substance, said to exist in white mustard seed. In- 
lo in watcR sparingly soluble in alcohol, easily in ether and in oils. Does not 
sulphur. (Simon, Pogg. Ann. xliv. 693.) 

LEVS. 


®BTOEtrcXW. 

®^wiCfRnr. 

®BY8iann« 


See Lbntii.. 

Syn. with Eetthromannitb. 
Syn. with Picroertthrin. 


Y — Alliaria Officinalis . — A common weed of the cru- 
pi the herb of which contains sulphocyanate of allyl (Wertheim, Aim. 

Wflf l Pi ess (ibid. Ixviii. 75) obtained 0*6 per cent! 

‘'^^taining sulphocyanate of allyl, sometimes alone, sometimes mixed with 
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BRTTBRAItSXXr. C'H'*0»As».--A rod amorphous, substance pMuccd f 
cacodyl by combustion with insufficient access of air, by the action of hydroohi ^ 
acid and metallic tin, or of phosphorous acid, or bypassing the cacodyl through 
heated tubes. It is insoluble in water and alcohol (Seo Cacodtl, i. 404.) 

BRYTBRBZN'. A red substance, probably impure orcein, produced by the 
tion of ammonia and air on crytliric acid. (Heeren.) 

BRTTBRBX.XO ACXB. Seo the next article. 

BRTTHRXC aCXB, or ERTTHRXR. (Heeron, Scliw. J. fix. 313. ---Kano 
Ann. Ch. Pliarm. xxxix. 25. — Schunck, Ixi. G9. — Stenhouse, Ixviii. J*!'* 
further, Proc. Boy. Soc. xii. 263. — Hesse, Ann. Ch. Plitirm. cxvii. 304. — Gm. xii. 3«n 

— An acid discovered by Heeren in Roccdla tincUma ; it iippears also to l,o contuinod 
in most of the lielu*ns from which archil is pro[)arc‘d. When either of tliese lidu-ns 

— the Boccclla Montaipifi, for example — is exhausted witli boiling water, the crytliric 
acid i.s deposited as a crystalline powder, whieli ni.ay be purified by boiling akuliot 
(The aqueous motlier-liquor retains picroerythrin and orcin.) According to StenliouM' 
it is better to exhaust the lichens with milk of lime ; the quantity then obtained 
amounts to 12 per etmt. of the weight of tlie liclieii. 

Erythric aci(l is white, crystalline, destitute of taste and odour, sparingly solubk- in 
water (1 pt. of the acid r(‘q airing about 240 pts. of boiling water to dissolve it), 
easily soluble in aleohol, (‘tlier, and alkali.s. 

Erytliric acid dried at 100'^ C. gives by analysis numbers agreeing nearly with eithee 
of the fonnuluj (Stejilioiise), or C*''IP®0‘'‘ (Hesse): 

Ciili-ul.itiun. HtiHse. Stenhouso. 


(>i0 

. 240 

5(;-87 

(V.H 

. 336 

66*95 

66*9 

66-84 

56*94 

H" 

. 22 

5*22 

IT:m 

. 30 

5*08 

5*4 

5*56 

6*33 

O'® 

. 160 

37-91 

0“ 

. 224 

37.*97 





422 

1 00 00 


690 

100-00 





Schunck found 58*70 per cent, carbon and 5*37 hydrogen, whence ho deduced tlic f r- 
mula or (50*5 C, 6*5 H); Gerliardt proposed Cai'^O" (57*11 

4-77 H). 

Tho air-dried substance was found by Hesse to contain 51*7 per cent, carlion aii<l 
6*4 hydrogen, agreeing exactly with the formula 2II'^0. When lieatotl 

100® 0, it gives off 6*7 per cent, water, which also agrees exactly with 2 aq. At 
137® C. it molts, and docs not solidify in the crystalline form on cooling. 

Decompositions. — 1. Erythric acid may be heated to 200® C. without sensil)le altm* 
tion ; but at a higlnr temperature it is decomposed, yielding orcin and earbonic unliy* 
dride, 

2. By boiling for some time with water, or more readily, with alkalis, it is resolved iiile 
picroerythrin and orsellinic acid (formerly called ery th relic or cry thro lesic acid)* 

C^ollao^n ^ ii^O *= enP-’O' + C«H"0<. 

Erythric acid. Ficroerythriu. Orsellinic acid. 

orC-WO'^ + 11*0 = C'>H'“0' + 2C*H'’0«; 

Erythric acid. Picroerytliriu. Orsclilnic acid, 

and the orsellinic acid is resolved by longer boiling into orcin (C’H*0*) and oarlwuic 
anhydride (CO®). 

3. Boiled for some time with alcohol, it yields in like manner picrociythrin and 
orsellinato of ethyl, C“IP(C*H*)0*, and with methylid alcohol orsellinate of metliyl 

4. Strong sulphuric acid dissolves erythric acid without altt^ratioa in the cold; hut 
decomposes it when heated. Boiling hydrochloric acid likewise di^lves it. 

acid dissolves it in tho cold without evolution of nitrous acid, forming a yellow 
stance soluble in alcohol and precipitated by water ; no oxalic ajgi^ is produced. t)n 
heating it with nitric acid, nitrous acid is evolved. in 

5. Brcrmine converts erythric acid dissolved in water into S^;^fcw resin. When 
the acid is covered with ether containing water, and bromine is slowjy added, tetrs- 
bromerythric acid, C^'H'-Br'O** (or C“H‘«Br«0‘®), is formed, in white crystamne 
apherulea, nearly insoluble in cold water, soluble in alcohol, slightly in cold ether, 
alcoholic solution is acid, fornts a white precipitate with acetate of lead, purple with a 
small quantity of ferric chloride, brown-red with a lai^er quantity ; hypochlorite of so- 
dium imparts to it a tninsient blood-red colour. When boiled with alcohol it is 

into dibromorsellato of ethyl and bromopicroerythrin. Bromerythric aci 
cakes together a little above 100® C., melts to a colourless frothy mass at 189®, aod w 
a higher temperature gives off acid vapours and burns away. (Hesse.) 

6. Chlorine decomposes erythric acid suspended in water, dissolving a 
portion, and forming a :vellow resinous substance. (Hesse.) 


(*0]isiderahi*^ 
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« — Eiythncacid is a very weak and unstable acid. It forms with 

f i soday magneMa, solutions which have an alkaline reaction, and from 

^Ikfi when recently prepared, carbonic acid tlirowa down crythric acid ; after a few 
hv:S ii»wevcr, no precipitate is formed. The alkaline solutions undergo decomposi-' 

^ An alooholic solution of erythric acid is not precipitated by nitrate of silver, but 
I iddinu aTumoiiia a white preci[)itate is formed, whicli soon turns black mid pro- 
Tmxa a 8{>eculiir deposit of silver. Chloridt* of ^old is not altered by boiling with the 
d.'uholic solution of erythric acid. Scsquichlortde of iron imparts to the alcoholic 
^<>lutiun a deep purple tint., and the addition of ammonia eause.s it to pass to yellow, but 
vitln'ut precipitation, unless the liquid is boiled. The alcoholic solution of the acid is 
j,ot pn-cipitated by neutral acitute of lead, but with the bmia aaetute it yields a 
Impious precipitate containing 60T2 per cent, of lead. 

The compound other obtained by boiling cr3’thric acid with alcohol was originally re* 
riirdod l>y ^Steiihouse as erythrate of ethyl, C“‘‘1P*(C-IP)0'". liut as its formation 
is ;-ccompiiiiied by that of pieroerytlirin, it appears to be orsellinate of etliyl (p. 502). 
It iji remarkable, howeve-r, that when boiled with alkalis, it j'h'lils a solut ion containing 
orein and crythroniaimite, whereas the corresponding inetliylic ether treated in 
liko milliner yields orein, but no erythromannite. The suine dilFerence i.s observed in 
f]n' ri'aetioiis of tlic ethylio and methylie ethers obtained fnmi all the varieties of 
K.'ccellii tiiietoria (S te ii h ouse). The roaelioii requires furtlier investigation. 

picroopytliiiii, ■ — Produced by the action of boiling water on erythric 

ii.'iii. The acid boiled for some time with water dissolves slowly, and the liquid 
\irMs by evapoiiilion a viscid brown mass, which, when treated with cold water, leaves 
i iornorythriii (Sehunck). Stenliouse boils crytliric acid, after saturation with liim‘nr 
’.irviii; saturates the liquid with hydrochloric acid (to precipitate crythrelic acid); 
lih. rs, and leaves the soliiLion to itself. Pieroerythrin is then deposited in yellowish 
. nsfals, wliieh may be puritied by Tiieaiis of boiling water and animaPeliareoal. 

I’icnuryllirin is colourless, cry’stallisablo, bitter, sparingly soluble in cold water, 
v« I'v ^ohiMo in boiling water. The solution reddens litmus slightly’. It is not altereil 
! y jirnhuiged boiling with water, ami is not etherified by alcohol. Heated in a small 
t e e. it yields a sublimate of orein. It dissolves in alkalis without, the aid of Jicat; 
i.M- jiinmoiiiaeal Solution quickly reddens in contact with the air. Poiled with baryta 
:f \iei(ls carbonate of barium, and a solution containing orciii and erythromannite : 

+ 11*0 - CO* + CHPO* + CH1'«()\ 

Pieroerythrin. Orein. Krythro- 

nKiiinite. 

The aijueous solution of pieroerythrin is not {»recipitated hy mutral acetate of lead, 

I la :i1 imihtntly by tho basic acetate, tlic precipitate containing G 8 04 per cent. Itsad. 

I 'i'- Kiueous solution acquires a tine purple tint when mixed with sesqun hloride of 
e' It does not reduce nitrate of silver even at the boiling In.-ut, unless ammonia is 
.idh d. It gradually reduces chloride of yuld. 

ERYTURnrS. Syii. with Cobalt-Bloom (i. 1057). 

SRYTHHITIS. A flesh-coloured felspar, containing 3 per cent, magnesia, foifnd 
ill amygdaloid. Specific gravity = 2'511. (Thom. son, Phil. Mag. [3] xxii. 18<S.) 

CRYTBROBETZe ACXR. A very uii.stahlo acid obtained from red his^t (IJcla 
eifb/ana). It is crystalline, easily^ soluble in eohl water, insolublt! in alcohol and 
precipitated from its aqueous solution by nitrate of silver and neutral ac5etato 
^1 lead. (Meiqr, Pharm. Ccntralbl. 1847, p. 436.) 

WYTHRORRimiMC. The name given by Kiililmann (Ann. Cli. Phys. [2] 
225) to a red crystalline substance obtained from madder, probably impure 
aluarin. . . i ^ i 

SKTTBBOO^ A substance originally colourless, but reddened by acids, sup- 
by Hope (J. pt, Clu*m. x. 269) to be contained in flowers. Filhol regards it as 
with dyanin (p. 274). 

The same name was applied by Bizio (Schw. J. xxxvii. 10) to a crystalline sub- 
stance which he obtained fi-om the bile of a patient who died of jauudiee, and wliich 
ft'* tioscribed as capable of abstracting nitrogen from the air, from nit ric acid, and from 
aninioiya, and as being converted thereby into blood-red. 

^^YTBRooairzo AOZR. An oily liquid said by Bizio to be produced on 
heating tlie substance which he calls erythrogen in oxygen gas, 

SRYTaRoaX.VCX-8V»BXrRZC ACXD. Syn. with Euythromanni-sul- 
t'nvKic Acid (p. 506). 

*^'^HROOXiircrw. Syn. with EaYTHROMAXNiTK 
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aUTTBRO&BXC AOZ9. A. purple semifluid substance said to exist in 
(Kane, Ann. Ch. Phys. ii. 1.) «whil 

SSTTBROXiSZnr and B&TXBBOXiXTmXN’. Bed substances obtained fn 
litmus (g. v.) ^ 

SBYTBBOILBSZC ACZB. Syn. with Baytiirklic Acid. 

SBYTKSIOUO ACZB. The name originally applied by Kane to a anbstanc 
which he supposed to exist both in archil and in litmus; subsequently, however he 
applied the name ergthrolein to the substance found in litmus, and cTythroldc acid to 
the one contained in archil, because it contiiined more oxygen. 

BRTTBROMiLNXrTTB, Erythroglncin. Eryglmin. ErythriU, 

Phycite, Psendorcin, ^.S ten house, Phil. Trans. 1848, 70; 1849, 399. — St rocker 
Ann. Ch. Pharm. Ixviii. ill. — Schunck, Phil. Mag. vii. 33, 254. — Lamy, Ann. Clu 
Phys. [3] XXXV. 138; li. 232. — Wagner. J. pr. Cheni. Ixi. 126. — Hesse, Ann, Ch. 
Pharm. exvii. 327. — Cm. xii. 385.) This siibstance exists ready fonned in Protocr^ern 
vulyarisy and is produ(?ed by boiling erythric acid or pienjerytlirin, or tlie ethy lie others 
obtained from any of the varieties of fiocctfla thu toria with excess of baryta or lini« 
(p. 503). The suljHtaiico from ProttHioccua vv}yari» wm.s originally called phycito, 

Pregmration, 1. The extract of Lrcminra Monfognd, obtaiiiiul with milk of hiuo. is 
lioilod down in an open pan to about one-third or one-fourth ; carbonic acid paf^si'd 
into tlie cooled licjuid as long as a precipitate continues to form ; and the sohitinn 
after filtration, evaporated to a syrup ov<t tlio water-bath. This syrup consists ohipfly 
of orcin and eiythromaiinite, mixed with a rather large quantity of red eolouriir» 
matter and a resinous Hiil)statJce. The orcin aiid tlie givatcr part of tin* coloiiriiii; 
mutter are extracted by cold ether; or the syrup is mixed with three times its vo!ii?iii' 
of strong alcohol, from whieh, after a while, the crythromannite separates in sarill 
crystals. 'J'liese are collected on a cloth filter, pressed, washed wdth cohl strong 
alcohol, wldeh dissolves the orcin and the greater part of the colouring matter, and 
recry stall i.scd two or llirec' times from hot alcohol.- 2. Proioeorci/.s vylgaris i,s hoilrd 
for .some hours with wtiler, and tlie filtered and decolorised solution i.s evsiporated to a 
.syrup, precipitated \\'ith alcohol or basic acetate of lead, and the filtrate left to cryMnl' 
list*. — Or, 1 lb, of Profococcu.fi vu/garis is tlig(‘sted at a temperature b(‘t\vc«m 50^ nti*! 
100’^ C. with 2 lbs. of alcohol of 85°; the liquid decanted ; the green residue strongly 
pressed out; tlie liquid then filtered; and the alcohol distilled to onc-luilf. TIk) 
niotlier-liquor of the phycic acid which i.s dej>o.sited on cooling, separates, wlicn rltt? 
Ihpud is again heated, into two layers, the alcohol at the same timo evaporating. Tho 
ti])per layer is strongly coloured ; the lower, whieJi is less coloured, yields by (‘va)K)rfi- 
tion a crystalline mass saturated with a black syrup, wJiich must bo pressed bctwtrM 
fine linen, washed with very cold water, and recrystallised from hot water. (Laniy.) 

Properifirs. — Large colourless transparent crystals, having an adamantine lustre, and 

3P3 

belonging to the dimetric system. Observed faces P . oepoo . Inclination of 

P;P * 123° 43'; P : c»Poo ^ 109° 29; 3r3 : odPoo = 138° 42' (Miller). 
.Specific gravity P69 (Lamy). Its taste is very sweet and cooling (Lamy). 
Index of refraction — 1‘646 (Stenhouse). Does not exhibit circular polarisation) 
(Lamy). Molts at 112° C. without giving off water, and volatilises partly undo* 
conq>o8cd (Lamy). Melts at 120° C. (Hesse). Does not act on litmus. Its tast« 
is sweet, but less so than that of orcin. It does not lose water at 100° C. 
(Stenhouse). It dissolves very readily in water ^ sparingly in cold alcohol^ and ii 
in.soluble in ether; the aqueous solution yields the finest crystals. 

The ’following analyses have been made of crythromannite : — 


Calciilfltton. 



SUmhouse. 

Schunck, 

I^amv 



c® 

48 

39-34 

39*42 

39-68 

39*10 

39-22 

IP® 

10 

8-20 

8*48 

8-60 

8*23 

8-27 

0* 

64 

5246 

52- 10 

51-72 

5-2-67 

62-61 

C^IP®0« 


100*00 

10000 

100-00 

100*00 

10000 


Stenhouse originally gave to crythromannite the formula Gerhardt pro* 

posed or C’H'®0®. According to the formula C®AP®(/, or C*H**0®; wbicn 

was first given by Strecker, and agrees best with all the reactions of erythromannite, 

this body may be regarded as a tetratomic alcohol, ^ 4 ^ |o*. Bertbelot regardi 

it .u» a hoxatoinic alcohol, ^ formula improbabUi 

<m account of tbp uneven number of hydrogen- atoms. 
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fu^nomiions . — 1. Erythromnnnite subjected to dry distillation pres off an odour 
rfmt^trar, and yields a liquid which does not crystallise on cooling, but dissolrt^ 
•iter and* in alcohol (Stenhouse). It begins to boil at 160° C. without per- 
° n!le decomposition, giving off un odour of burnt Hour; as the decoin[>u8ilion 
T' nccM the l)oiling point gradually rises to about 200°, but the mass does not swell 
^tlie residue in the retort consists partly of unaltered erythromannitc, partly of a 
^‘l^ttince analogous to glucose, and {wssessiiig the power of reducing copper-suits, a 
rtv not exhibited by erythroniaiinite. Erythromannite thrown on red-hot coals 
off the odoui* of burnt sugar (La my), Jt bums on platimnn-foil with a 
flue Hanie and an odour of earamel (Stenliouse). — 2. It is not altered by aqueous 
(l iiili by ammonia^ by bromine, or by chloride of lime. — S. Heated to 220' C, with 
r»lid ht/drifk of potassium ^ it yields acetate of pota.^siuni and hydrogen gas, -h 

2J{JI() = 2C‘ir’KO-' -H 2II*0 + (St oil house. La my). — 4. Euin in g w/Vrre acid 
converts it into iiitro-erytlirornaiinite ; on heating the mixture, oxalic acid is produced 
(Sren house). — 5. Erythromannite dissolves in cold sulphuric add, ii’'d u heii 
heated therewith, is converted into an erytliromanni-snlplniric acid (Hesse). — 0. It 
is not fermentable. (Steiihouse, Lamy). It does not precipitate neutral or basic 
jicefato of lead, copper-salts, or ainmonio-nitrate of lead (fS ten house). — 7. Ery- 
tiironmnnite heated U) 120° C. for a day or t-wo, with an equal weight of tartaric acid, 
yklds an acid having the composition (j> or t helot, Compt. rend. nIv. 

2{iS. J>ec Tautaric Aoid). — 8. IIeat(*4 with h?/driodic acid, in a stream 4)f earlx^nic 
aDhyiiride, it yields ioditlo of tetryd (V. do Luyncs, Compt. rend. Iv. (>24) ; 

C'TI'®0‘ + 7in = CHPI + 4ir-'0 + I*. 

Nltro-crythromannite. CHI''’(NO''^)‘*0* (Sten house, Phil. Trans. LSI!*, 
-ihilvcrised erytliromannite adding by small portions to fuming nitric .-n-id, 
■.vhiih is kept c(k) 1, dissolves (piickly with considerable rise of temp<Tature; and if the 
s^.Iiition he mixed with a quantity of sulphuric acid, equal in weight to the nitric acid, 
(T Miller nion*, the wliole forms in half an liour a cryst.alline magma, which is collected 
« II ;i funnel pln^rued with asbe.stos, washed with cold water, pressed la'tween ])Ujs'r, 
au'l reeivslalllsed from hot alcohol. The compound is not obtained by Jissolviiig 
» rvflirnm;innite in a mixture of uitric and sulphuric acids, and adding water. 

Jt ft/iins large sliining crystalline lamiiue, wdiieh melt at C., and solidify in the 
rr\ stalline form at a temperatiin! a few degree.s lower. It gives by analysis, 15 *89 — 1 G*03 
|'«r rent, car) ion, 2*12o — 2*10 hydrogen, and 18-59 nitrogen (Steiihouse, Kpistuiajy/ 
oononmicniio})), the above formula requiring 15-89 0, 1’99 Jl, and 18*51 N. 

Tlie compound tak»*s fire wJieii Btixingly boated, and burns with a bright flame*. 
Till; crystals, wlieu thorouglily dried and mixed with sand, detonate under the 
hammer. 

ERYTHIlOMAigrnrXTIC BTBSRS. Krf/throf/htcidcs. Erpthridrs. (Ler- 
thelot, Chimie orpanique fnudhe sur la Sfinihhsc^ ii. 222. — Hesse, loc, cif,) — P>y- 
Oiromaiinite heated w'itli acids to 200° — 250° C. forms acid and neutral compound 
•■tht>rs, analogous to those derived from maniiite and glycerin. These compounds are 
•hconiposed by alkalis, erythromannite being BepHr;ited, and the acid sometimes unit- 
inji Mr-itli the alkali, sometimes sufflTing further decomposition. 

The aedate is a neutral liquid, easily .soluble in alcohol and ether. 

lUnznatvs. — di benzoate^ (Berthelot), more probably = 

(CqpO'i-’ ia resinous when recently prepared, but gradually becomes ciystal- 

lin**. Insoluble in water, easily soluble in absolute alcohol and ether. 

The hexhenzoate^ (Berth clot) ; more probably 

c«H*o>» = I o*.2C’U*o», 

obtained by heating the. preceding compound with fen or fifteen times its weight of 
henzoic acid to about 200^ C. It is neutral, insoluble in water, soluble in ether. 

regards erj’thrin as diacid orsdlate of erythromannite 

[C^}1«0’® a= TT J 0*], and picroerythrin as the mono-orsellate [C''^11*®0^ ** 

{ ^^J* formuliB actually given by Berthelot, viz. for erythrin C*®/iP*0^*sw 
and for picroerythrin 

’TO, are very improbable. 

’iOarate, C^li"0» (Berthelot); more probably C“H™0* = 

‘^lid. waxy, neutral body, resembling stearates in general ; insoluble in water, soluble 
ether. 
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Sulphate^ ErpthromannUtdphuric or MytAro^ltiotsulphurtc Acid^ C*H’'S*0** 

(C*E'»)«“| Q. „ 2C'H“0‘ + 3HW - 6H'0.— Produced by dissolving I pt orvthJ 
(S’6')» H* ’ 

mannito in 20 or 30 pta. of strong sulphuric acid, and heating the solution to 60° 

70° C. It has not been prepared in the free state ; but the barium or le&d-ault imy 
be obtained by diluting with water, saturating with carbonate of barium or load, and 
evaporating the filtrate, first at a gentle heat, then in vacuo. The 
C*‘‘lI**13a*S®0‘** + OB'-'O, forms a hard brittlo mass, easily soluble in water, intjolutk 
in alcohol. The calcium-salt^ + 6H'0, dries up over oil of vitriol to 

u brittlo deliquescent mass, sparingly soluble in alcohol, decomposing at 106° C. Tlio 
kad-aalt, + 12ll'*0, forms needle-shaped crystals, soluble in water aud 

in alcohol. (IIossc.) , , v . 

Tartrate^ F.rythromxinnitartaric — Obtained by heating eiythromunnite \rith 
tartaric acid to 100*° C. According to Bertholot, it consists of (7**^*t;*«= 

46’*'^0** — 4//f>, and is scxbasic, its calcium -salt liaving the composition 
C^*lP»CaPO^'^, Hesse suggests that it may be formed from 3 at. orythromannite • 
perhaps 3C^H*®0* + 8C<H«0^ - HIPO = 

BaftTTBROMTXtniX. The name applied by Del Rio to a metal, wliich he r<‘- 
garded as new, contained in a peculiar lead-ore from Aimapan in Mexico. After ilie 
discovery of vanadium by Sefstrom, Wohler slewed that this mineral was vanudatt ot 
lead. (Kop]fs Gcsckichte dcr Cheinie., iv. 80.) 

SKTTBROPRlTljXt, The red colouring matter of leaves in autumn. It is 
soluble in water and alcohol, and dissolves with bn)wn colour in alkalis. With Km-I- 
salts it forms a precipitiite of a fine green colour (Gorh. Traith, iv. 627). Acconlin^ 
to Morren {Dissertation sur les feuilks vertes ct color ks^ envisagies spkiahmxni 
tiu point d,e vue dcs rapports de la clilorophi/lle ct de I krgthrophylk^ Gaud, 1868 ; nlso 
N. Arch. ph. nat. v. 84), the red and blue colouring matters of plants {^o not form* '1 
from chiorophyll. The blue colouring matter, anthocyan^ is probably, like litmus, the 
alkali-salt of an acid, which in the free state constitutes erythrophyll. 

SRTTBBOPBOTXBS* A rtul extractive matter obtained by Mulder from 
albumin and allied substances. (See Ai.wumin.) 

XSliTTBROBBTIB* A resinous constituent of rhubarb-root, soluble with purph - 
red colour iu alkalis. (See llHunAun.) 

BBY'TBBOSXI. The name given by Garot (J. Pharm. [3] xvii, 5) to the yellow 
or orange-coloured substance obUiined by treating rhubarb with nitric acid, whieh 
however ho allows to be a mixture. It dissolves in alkalis, forming red solutions (»;ilt3 
ofcrythrosic acid\ which produce very deep stains. (See Kuuhard.) 

B&Y'TBltOSZXQr. Stadeler’s name for a rod substance produced by the notion 
of nitric acid on tyrosine. (Ami. Ch. Pharm. cxvi. 87.) 

SXLYTBROX'B'XiXlil'B. A crystalline substance resembling tlieiiio, obtained in 
small quantity from the loaves of Krythroxyfon coca. (G a odoke, Arch. Pharm. [1] 
Ixxxii. 141 ; Jahresber. d. Chein. 1855, p. 724.) 

BRTTBROXYXiOXr COCR. See Coca (i. 1059). 

BRTTBROZT’MXS. An azotised substance which exists in madder root, nnd 
gives rise to a peculiar transformation of rubian. It is extrjicted bv imieendois; 
madder in water at 38° C. and precipitating the aqueous extract with alcohol. 
Maubbu and Ruuian.) 

BRXXHRTXiXXf* Impure erythric acid, (Kane, Ann. Ch. Pharm. xxxix. 31.) 

88CBBRZTB. A variety of epidoto from the- St. Gothard (probably from tl»« 
Mag g ta Valley in Ticini), where it occurs in tuft-like masses^n folspathic 
dated with prehnite, rock-crystal, and adiilaria. Specific gnivity 3*384. Gives y 
analysis, 37*70 to 37-62 per cent, silica, 27*49 to 27*22 alumina, 9*12 to 8*67 lew 
oxide, 23-87 to 23*94 lime, and 2*33 water. (Stockar-Escher, Pogg. Ann. xcv. ov 

SSOBBOXiTZZA CRXiXFORSTICR. This papaveraceous plant contains,,^ 
cording to Walz ( Jahrb. pr. Pharm. vii. 282 ; viii. 147, 209). colouring mattery 
and malic acids, a peculiar acid, and three alkaloids, viz. 1. An alkaloid formmg 
salts, and perhaps identical with clielery t brine (i. 847). — 2. An alkaloid somn 
alcohol and ether, and forming bitter shnrp-tasting salts ; its properties ow essenw j 
those of ch el i d 0 n i n 0 (i. 849). These two alkaloids are extracted ftom Pian x 
acidulated water, and precipitated by ammonia.— 3. An alkaloid precipitated w 
mother-liquor of the other two by tannic acid. It is ciystallinc, has a nauseous 
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q in wat^r, alcohol, and ether ; melts at a gentle heat, and forms salts, which, 
■ ^dilute solution, assume a splendid violet colour on addition of sulphoric acid. 
bodi<.*s require further investigafion. 

g^j.0XT15. A mineral examined by Dobereiner {GlucJcer's S^opsis^ 
and said to contain ferrous oxide and silica. 

^ A5sculin. 

_j,jfll£CKXNS. An alkaloid obtained from the bark of Ese7thcc?cia fthrifu^a, 
Mii-t I'A'odia fcfrHJ'iuja, Au^^v Saint Hilaire, (Buchner, Ilepert. Bliiirm. xxxi, 481 ; 
sxxvii. 1-) 

yaMAUKlTB* A vai'icty of hydrous dicliroite from Brevig in Finland. The 
f .nil in idso used as a Kynonyine of datliolite, and appears also to have been applied to 
aiiTilt rid form of seapolite. (Dana, ii. 205.) 

fiSPARSEXTE. See Hedysarum. 

SSRABr* A nai‘co!ic sub.stuuce resembling tobacco, extracted from the leaves of 
Atroixi Mioulnujora, (Landercr, Buchn. lli'pert. Ixxxi. 290.) 

essences, a term sometimes applied to volatile oils. 

ESSONXTE. a variety of lime-garnet. 

ester. L. Gmelin’s name for compound ethers derived from oxygen acids, c.y, 
i»f etliyl Essysciure-mnesier; sulphato of methyl =» Sckwf/cUaui'ca Etrr- 

ETHAE. Syii. with Cetyuc Alcohoi. (i. 841). 

ETBAEIC ACXD. Syn. witli Palmitic Acid. 

ETHAEOE. Tlit^ name appli<‘d by Jiemdius to tin* liydrocarbon (ceteue) pro- 
•.’uffd hy tin? iietioii of phosphoric anhydride on cetylic alcohol. 

ETBAEONE or Cttf/lonc. Syn. with Palmitonr. 

ETHAEYE. Syn. with Cetyl. 

ETSAMIBE, ETBAMXNE, ETBAETIMCINTE. Syn. with Etuylaminb. 

ETHAMCINE-SITEPBURZC ACXB. Syn. with Sliliuietuamic acid. 

ETBENE. Syn. witli Ethylene. 

ETBENIDES. Laurent’s name for Primary Euvlei. (See Nuc’leus.) 

ETHER. See EruYi., oxide of ; also Ethers. 

ETHERENE. Syn. witli Etuylenr. 

ETBERIFXCATXON. 'riio conversion of alcohols into etliors. (See Alcohol, 
i. 70 ; Aixohols, i. 99 ; Chemical Affinli’Y, i. 8G7 ; Ethers, ii. 508.) 


ETRERXET ami ETHEROE. (Marchaiid, J. pr. Chem. xv. 1. — Scrullas, 
Ann. Cli. Pliy.s, [2| xxxix, 152 ; Pogg. Ann. xiv. 20. — Liebig, Ilandw. d. Cliein. !*• 
Aufl. i. 121.) When heavy oil of wine, the oily body which soimdimes occurs among 
I’le rcMidues of the preparulion of ether, is warmed with water, a light oily liquid 
rw'8 to the surface', wliich is a mixture of two substance.s, both polymeric with ethylene, 
viz. and etherol. On ilecaifting this liquid and leaving it at rest, tlieetlieriu 

mstulliaes out, while the etherol remains liquid. The (ftherin may be freed from 
itlarol l>y nitration and pressure between paper, and then recrystallised from alcohol 
or other. 

KtJurin forms transparent, colourless, shining prisms, moderately hard, very friable 
and grating between the teeth ; it has no taste, but when heated smells like etherol. 
MeltH at 1 10® C. Boils at 260®, without alteration. Insoluble in water, but soluble 
la uleoliol, and still more so in ether. 

fJhirol is a yellowish, viscid liquid of specific gravity 0'921 (Serullas), boiling at 
C. By ext>osure to cold, it becomes more viscid, but does not solidify even at 
C. It, lias a peculiar aromatic odour, is insoluble in water, but dissolves easily 
'u ether, less easily in alcohol. Potassium immersed in it retains its lustre undi* 

“unhihetL 


Hiairy oil of winp.^ which passes over in the prepamtiou of ether towards the end of 
|he distillation, when sulphurous anhydride and olefiant ^as arc ^ven off, is, according 
:? an ethylsulphate of etherol. On treating it with water, the ethertd 

(holding the isomeric body etherin in solution) separates out, and ethylsulphuric acid 
n'mains in solution. An oil of simUar character and composition is obtained by the 
^i«tilJation of perfectly dry ethylsulphatoa, the best process, according to Liebig, being 
^ uislil the dry potassium-salt with an equal w'eight of freshly burned lime. Mar- 
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chand wcommondB the distillation of dry ethylsulphate of lead. The crud mvw? 
freed from alcohol, etlier, and sulphurous acid, by agitation with cold^ ii 
drying in vacuo over oil of vitriol. ^ater, aj^i 

ot/ of wine^ which is also obtained in the preparation of ether 
;ale appears to be impure etheroL ’ 

lime, this suljstance remains after 


ill uio prcparacion 01 ether on thi» i 
scale appears to be impure etheroL When the crude ether is rectified with 
lime, this suljstance remains after the ether has passed over, floating on th ^ 
residue, in the form of a thick yellow oil, which is blackened by strong sulphur'^^^^-^ 

y%iif UAnumfoa na a /•Alnti'nloca nil nn o/t/lifinn urufoii ‘ SCld^ 


but separates as a colourless oil on addition of water. 

Syn. with Ethylaminb. 


BTBSAXPXiATZirXG ACXD. Syn. with ETHTLBNK-tmoEiDE op plating 
BTBZUIOB. See Ethejun. 


BTBZ3BOIXB. A very volatile liquid, boiling at about 30° C., which passes over with 
the heavy oil of wine produced by the distillation of the ethyl-sulphates (Marchand 
J. pr. Chem. xv. 1). It appears to be identical with amylene. 


BTHBRS. The term cMrr, originally applied to oxide of ethyl, tho volatile liquid 
produced hy the action of sulphuric acid upon common alcohol, is now extended to alilrr^ 
cliiss of compounds, formed by the action of acids on alcohols, and includes all salts 
of alcohol-radicles, that is to say, all such derivatives of the alcohols as .-ir-s 
comparable with ordinary metallic salts, in the same sense as the alcohols tlicmselves 
are comparable with metallic hydrates. 

Some of these bodies, commonly called simple ethers (Gmclin’s Aether), urrt 
tho oxides of the aleohol-radieles, and may bo regarded as the anhydrides of tho 
alcohols, being related to them in the same manner as an anhydrous metalJie oxiih‘ ti, 
its hydrate. With these may also be classed the sulphides, selenides, and telluridrs 
of the alcohol-radicles. Tho rtnnaining ethers, called compound others, wliidi 
constitute by far tho most numerous class, are analogous to metallic salts, and um 
usually subdivid<‘d into two groups, the one comprising the oxygen-salts of the alcohol- 
radicles (Gmelin’s J^Jster^), the other, the haloid salts of those radicles, viz. tho 
chlortdes, bromides, iodides, fluorides, and cyanides (Gmolin’s Afer\ The furirn r 
may be derived from a single or multiple molecule of water, in which part of tho 
hydrogen is replaced by acid-radicles, and the remainder (not necessarilv the wlioloi 
by alcohol-radicles, e.g. 


Tv peg. 

HjO 


H»I 

H«i 

H*) 

H* 


O* 


CTP >0 

cwop 

Acetate of ethyl. 

lo- T™!»- 

Monethylic sulphate. 

(por \ 

Monethylic plioiphatc. 


0* 


(C-n*)Uo= 

ninth y lie Sulpiiate. 

(cqp)»n>o, 

(por r 

Diethylic phosphate. 


(cni»)Uo. 

(poyr 

Trlelhylic plio.phatc. 


The haloid-compounds of tho alcoliol-radicles may be regarded as formed on tlio 
hydrogen -typo nHH, the hydrogen being partly replaced by an alcoliol-radicle, partly 
by chlorine, bromine, &e., e.g. chloride of cthifl, C'-'H^Cl, dihromidr. of eihylenf' 
trihrojnidc. of glyceryl ; *op they may bo derived from water 

regarded as H.IIO, by supposing the HO replaced by an equivalent quantity of 
chlorine, &c., and the hydrogen by an alcohol-radicle. Tins mode of derivation may 
also evidently be extended to the oxygen-salts of the alcohol-radicles, the HO in the 
type being supposed to be replaced by the peroxide of an acid-radicle ; in fact it really 
amounts to regarding all the so-called compound ethers ns formed upon tho hydrogen 
or hydrochloric acid type: thus, acetate of ethyl, nwmthyUc sulphate^ 

^ H ( * diethylic yhosphati^ H M ^ convenient in this respect — 

that it reduces all these compounds to the same type, which likewise includes a number 
of intermediate compounds, such as the chlorhydrins, chloracetins, &c. 


H* 


Type, 

HO 

no 


(HO 

H»iHO 

^HO 


(C«n<rj™ 

Gljrcolfc Chlor- 
hydrin. 

(HO 
(C»H»riHO 
^ Cl 

Chlorhydrin. 


Glycolic ChlorBcetfn. 


(HO 
(c*H»y jci 
(ci 

Dlchlorhydrln. 


(OTirjci 

DIchlorlde of 
ethylene. 

to 

(OTrja 

Trichlorhfdrhu 
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sm 

compound ethers eontAin the elements of an aoid and an alcohol, minwt a 
tertaio number of molecules of water. If tlio quantities of acid and alcohol eou- 
rntd in the reaction are of equiil atomicity, L e. contain tho sanio number of atoms of 
' laoeaMe hydi'ogen, then the number of molecules of water cliniiinited in the form- 
ation of the ether corresponds for the most part to that number of hydrogen- atoms ; 
l,iif if the atomicities of tiie acid and alcohol are unequal, the nutnb(*r of molecules of 
vattT eliminated corresponds to the smaller atomicity of the two. With the mon- 
alcohols, this rule is universally true, but the polyatomic alcohols present an 
exo* ptioii to ib to be presently noticed. Tho following examples will suffice to illua- 
jnjtc the general rule : — 

ir r 

acid. 

(Wjo, 

Oxalic acid. 


env 

11 

Alcohul 


o 


C-H* 

n 

Alcoliol. 




0^ 


mr-y 

JV 

Oxalic acid. 

(C'U*0=)"jo. 

Succinic acid. 

I’iios|di<jric 

acid. 

rtiubplioric 

ari<J. 

PliuRphonc 

acul. 

nci 


0* 


(cwy 

H* 

2 at. Alcohol. 

ir^ 

Eihyicnic 

alcohol. 


C^H*0 
C‘1P 

Acetate of 
€Khy). 

Moneth} lie 
oxalate. 

(C'OTjo* 

Diethylic oxulato. 


n*o 


H^O 


C*II‘ 
T1 

Alcohol. 


|o» 

lie 

> 1 . 




2IICI 


A( etic acid, 

3HC1 




2 at. Alcohol* 

3 at. Alcohol* 

(onTjo. ■ 

Glycerin. 

(cwrjo. 

Glycerin. 

(c^rjo. 

Glycerin. 

Glvcerin. 

(c»inrjo. 

Glycerin. 


o» 


o» 


(C^H^OO" 

(CTI')" , 

Succinate of 
etnylcoc. 

(ro"'))Q, 

Monel hylic 
phosphatf. 

(i>or I. 

(C^H^y-’.TI t 

Diiihylic 
pi)0($)>hato. 

(PO)’”) 
(C*II‘)» J ^ 

Trlethyllc 
phosphate. 

II* $ Cl 

Mouochlor* 

hydrin. 

(0*11^1 o 

H jCP 

Dichlorli>’«lriu, 

(C»ipy " } 0* 
C*IP0.H(C1 

Acetochlorhydrin. 

(C*n‘‘)"'.Cl» 

TrichlurhyUrin* 


2H*0 


2H*0 


H*0 


2n*o 


3n*o 


H*0 


21PO 


2H*0 


3n*o 


curin'. 


jo. 


3n*o 


"jo. 

Citric acid. 

resulting ether is of tho samo degree of atomicity as the 
cim il I . f ’ bodies concerned in its formation ; but the polyatomic alcohols are 
• hail tl. f ethers, with elimination of a number of molecules of water greater 

^)'1HJ • thus l^reccdiug rule, thereby yielding compounds of a lower 


i^rjo. 

Glycerin, 
11* 




+ nci 


+ 2iia= 


(CHTJ, , 

Epichlorbydiin. 


2H*0 


C*II’.C1* 

Epidiclitor- 


+ 3H*0 


' Epidiclitor- 

Sec also the Brovbtdbins (i. 668), and Gltcidb, 

process of etherification is so conducted that the compound ether and tha 
produced remain in contact, they react upon each other, tending to ropr^uce the 
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original add and alcohol. Unless, therefore, the water is removed as fast as • 
formed, the quantity of the compound ether produced is always less than that wh* k 
tlie given quantities of acid and alcohol are capable of yielding. The manner in wl'^k 
the quantity of ether ultimately formM, and the rapidity of the action, are affected i 
the nature of the acid and alcohol, their relative quantities, the temperature, and oth'*^ 
conditions of the reaction, has been examined by Bert helot and P 6 an de Sainr 
Gilles (Compt. rend. liii. 474; Iv. 39, 210 ana 324; R6p. Chim. pure 1862 nn \ 
326, 327, 369), who have obtained the folloidng results : — ’ rP- » 

1. The quantities of acid and alcohol which vltvniatehf enter into combination are 
independent of the temperature and pressure at which the reaction takes place, and 
are but little affected by the particular nature of the acid and alcohol concerned* 
variations observed appearing to depend on accidental causes. 

2. The rapidity of eomhination^ or, in other words, the quantity of the compound 
ether formed in a given time, varies with the nature of the acid and the alcoliol, and 
with the proportions in which they are mixed. 

rt. The rapidity of combination of an acid of the series with nn alcohol, i, 

less in proportion as the atomic weight of the acid is greater, and its boiling point r 

The same law applies to monobasic acids of different series ; thus, acetic acid ethorii 
flea alcohol more quickly than benzoic acid. 

Polybasic acids ethenfy alcohols more quickly than monobasic acids. 

6. Alcohols of the same series, for example, aro ethorified by any giviMi 

acid with nearly equal rapidity, how much soever their molecular weights may dilFi p. 
This is not tnie, however, with regard to alcohols of different series; thus, glycerin unit* s 
with acetic acid at common temperatures much more readily than common alcohol. 

c. With a given quantity of acid, the quantity of ether ultimately produced inere.'i.sps 
with the quantity of alcohol present ; but the rapidity of combination is diminished 
by an excess of alcohol at the beginning of the action, and increased thereby as it 
approaches tho limit. 

d. With a given quantity of alcohol, the quantity of ether ultimately formed in- 
creases with tho proportion of acid present. At ordinary temperatures, the nipidity cd 
combination is for the most part diminished by excess of acid at first and MCcohTiitod 
afterwards. With 6 at. of a monobasic acid to 6 at. of a monatomic alcoliol, the rate 
of combination is accelerated, oven from the beginning. At lOO'^C. tho aeceleratinf? 
influence of an excess of acid is still more marked. 

3. Tho ethers of monobasic acids resist the action of water longer than those of 
polybasic acids. The amount of resistance which a compound other offers to tho de- 
composing action of water is determined by the nature of the acid, not of the alcohol, 
concerned in its formation. In general, the ethers corresponding to acids which aro 
most difficult to etherify, are likewise those which offer tho great^'st resistance to tiai 
action of water ; thus butyrate of ethyl is less easily decomposed tlinn the acetate, and 
this less easily than the formate. 

Tho quantity of an ether decomposed by water increases with the quantity of wator 
present ; but ethers are never completely decomposed, even by a very great excess 
of water; neither can such an excess completely prevent the combination of an alcohol 
and an acid, though it diminishes the total quantity of other produced. 

4. Pressure appears to influence tho phenomena of etherification, as well as of other 
kinds of chemical action, not directly, but only so far as it affects the proximity 
of tlio molecules of the acting substances. Hence when both bodies aro in the liquid 
state, which admits of but little variation in the molecular intervals, the result is hut 
slightly affected even by great variations of pressure ; but when tho acting htnlies 
aro wholly or partly in the gaseous state, as when acetic acid and alcohol are heated 
together in closed vessels to 200® C., the action is retarded by diminution of preasiirc. 
On tho other hand, tho authors’ experiments have lirought out tho somewhat unex- 
pected result that the limit of tho quantity of ether producible from a given quantity 
of an acid and alcohol, becomes greater a.s the intermolocular distance is increased. 

We proceed to enumerate some of the principal ethers, and give a general view of 
their formation and reactions. 

Btbers containing BConatomlo Alcoliol>radloles« 

1. Oxides, 

Methylie oxide . , • | O 

ptTt 1 

Hethyl-eihylic oxide . . J O 


Ethylie oxide • « « 

Ethyl-tetrylic oxide • • 
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Octylic oxide 
Etliyl-cetylic oxide 
Cetylic oxide 
AUylic oxide 
I Ethyl-ttllylic oxidt^ 
Phony lie oxido 
Bcnzylic oxido 


Octylicoxide . . . gg::jo 

E, hyl-»n.ylic oxide. . • Cetylic oxide . . . 

Amjlio oxide. • • • cS'-j® AUylic oxide . . . Sf^Jo 

jHhjl-octylic oxido . . g.g:,jo Ethyl-allylie oxide . . (o 

F, hyl-cctylieo.xidc . • gS»jo PI.enylic oxido . . . gg: jo 

A,„yi.ootylicoxido . • gSI'jo Bonxylic oxido . . . g^’ 

The oomponndn ol.Uined by tbo action of potassinm or sodii.m on the alcohols, snch 
J.lhihJdh o:tiiU, ethi/laU of sodium, or C IP.Na.O, are bodies of 

ms constitution; but as the metal is oa-sily roplaceable by an alcohol-radicle, 
Zl sro nerluips more like alcohols than ethers. The oxides of some of the organo- 
m hilic Wlies such as oxide of cacotlyl (C-II*Ab)= 0, are also analogous in composi- 
ti„n lo those in the preceding lists, but they are not uanaUy classed ns others. 

The simple ethers are produced : 1. By the action of tho iodides, bromides, or chlo- 
rides of tho alcohol-radicles on the potassium- or sodium-alcohols, e.ff. : 

c'lP.Na.o + cwi = Nai + (cm‘yo 

EtI.ylatcof loilldcof ElMIe 

KHlium. ethyl. e'her. 

CTI’NaO + C’H‘I = Nal + CH“.C*1T*.0 

Mrthvlmcof Iodide of Metl.yl-ethylic 

sodium. ethyl. 

2 llv dist illing an alcohol or a mixture of two alcohols with sulphuric acid (i. 70, 78). 
'('.•ihlc of methyl is gaseous; oxide of cctyl ami ethyl-cetylic oxide are solid and 
(•rvstidliiie; all the Other ethers in tho preceding list are liquids, more or less mohile, 
and eapahle of volatilising without decomposition. They arc all neulJ-al to vogotablo 
roloiirp. With acifh they bohavo, for tho most part^ like tho alcohols ; tims oxulo of 
fdivl with sulphuric acid, yields acid sulphate of ethyl, and with hydrwhlonc 

clileride of ethyl. Persulphide, of phospliffiis transforms them into Bulplinlas. 
Allogt flier, however, they are less energetic in their chemical relations thnJi the lucohols, 
jii.**! .IS anliyclrous metallic oxides act, for the most part, less energetically than tho 
com'sjtondiiig hydrates. ^ 

The simple ethers, treated with chlorine^ yield chlorinated etliers, such na (CH Cl) U, 
(C-1IH:1-)=(). &c. By treating dichlorethyUc ether (C’^H‘C1)»0 with zinc-ethyl, an 
atom of chlorine is removed, and its place supplied by othyl, forming tho compound 

' 'e-IPCI)|® ; '’*** product again treated with ziiic-ctliyl, yields the compound 

!jqp|gg||o. (Liebcn and Bauer, Ann. Ch. Phami. cxxiii. 130.) 


cnvi = 

Nal 

+ (cm»)*0 

loilido of 


Elhyllc 

ethyl. 


ether. 

cn\n = 

Nal 

+ CHIC*1P.0 

Iodide of 


McthyUethylic 

ethyl. 


ether. 


2. Sulphides, Selcnidcs, and Tellurides of Monatomic Aleoltol-radicles. 

Tile protosiilphidcs of the monatimiic alcohol-radicles, called sulphydric 
''IJi'Ts, arc exactly analogous in composition to tho oxides, e.g. stdphide oj Hhgl 

t'-ll^| 8. They are prodncwl by tlie action of the chlorides, iodides, or suTphab'S of 
til.; corresponding alcohol-radicles on the protosiilphidcs of the alkali-metals, e.g.'. 
2C»H‘a -I- ICS = 2KC1 -I- (C=H>)*S. 

Also hy the action of pentasulphido of phosphorus on the corresponding oxygon- 

SCCsjPyO -b P'S* = P'0* + 6(C'IP)'S. 

% these means, tho sulphides of methgl, stkyl, amgl, octyl, cetyl, and allyl hare been 
"'•tained; the last-mentioned sulphide i* also the essential consUtuent of volatUe oil 
"f6«)^(i. 143). 
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These compounds, which are the ethers of the sulphydric olcoliolg, or mercaptanfi 
fel id oils or ciwstalline solids, insoluble in water. Treated with nitric acid they ‘*n 
monobasic acids containing sulphur and oxygen : sulphide of ethyl, for example 

ethyl-sulphurous acid, cAZorinc, they yield substitution-prtxj^ti 

Sulphides containing two alcohol-radiclea, analogous to methyl-ethylic oxide 
are obtained by heating in a sealed tube a mixture of an alcohol with the diauipljri' 
phosphate of another alcohol-radicle, thus : ^ '' ' 

(psy")0* ^ CH»fq . (psr 

(C»H*)»ls HP C»H‘P (CH'Vnp- 

Ditiilpliophos* Mtithylic Methyl-ethylic Diethjl-iulpho. 

piiate ofuthyl. alcohol. sulphide. phosphoric acid. 

Kthyl-amylic sulphide, is obtained in a similar manner. These 

compounds are volatile liquids, resembling the simple alcoholic sulphides in tkir 
physical and chemical properties. (Carius, Ann. Ch. Pharm. cxix. 313.) 

The mercaptana treated witli metals or metallic oxides, yield sulphides containinir 
a metal and an alcohol-radicle ; thus ethylic mercaptan treated with sodium yiddi! 
(i.hylo-sodic sulphide, C-H* Na.S. Such comijounds treated witli the iodide of anothi r 
alcohol -radicle, appear to yield mixed alcoholic sulphides, like those above mention* d. 
See Ann. Ch. Pharm. cxx. 62. 

Persulphides of alcohol-radicles, such as CH^S, C^IP.S, analogous to peroxidfl 
of hydrogen, are obtained by the action of the chlorides or acid sulphates of those 
radicles on the persulphides of the alkali-metals. They are related to the pmto- 
sulphides above mentioned in the same manner as peroxide of hydrogen to wnf-r. 
They are fetid liquids, heavier than water, and volatile without decomposition. Wirli 
nitric acid, they yield the same products as the protosulphides. Their alcoholic solu- 
tions yield white precipitates with acetate of lead and mercuric chloride. 

The selenides and tollurides of the alcohol-radicles, e.g. (C*IP)*Se and 
(C*IP)*Te, are obtained like the corresponding sulphides, viz. by distilling a nu.'tallie 
fleleuide or telluride with an ethyl-sulphate, or homologous salt, e.gr. 

2(C^IP.K.S0') + K*Se « 2K*S0' + (C*IP)*Sc. 

Etliyl-sulphate Sehniide of 

of poCHit«luin, ethyl* 

The methyU, ethyl-, and amyZ-compoiinds of sdenium and Ullurixm have been ob- 
tained. They are extremely fetid oily liquids, heavier than water. • Py ox])o.suTe tc 
the air, they are converted into basic oxides, e.g. ^C''It®)*Se.O, capable of forming wilts 
with acids. They are likewise oxidised by nitric acid and converted into nitrates. 
This basic prqporty of the alcoholic selenides and tellurides, which is po.ssessod in a 
slight degree only by the corresponding sulphides, approximates them to the organo* 
metallic bodies, the arsciietliyls, stunnethyls, &e. 


3. Oxygen- salts of Monatomic Alcohol-radicles. 
a. Containing Monatomic Acid-radicles, 

These ethers may bo derived from monobasic acids by the substitution of an alcohol* 
Wdicie for the basic hy<lrogen. They are very numerous ; in fact, every monobasic 
acid appears to bo capable of forming such compounds, at least with the alcohol-whclos 
containing but a small number of carbon-atoms, such as methyl and ethyl. They are 
produced: ^ , 

1. By the action of a silver-salt on the iodide, bromide, or chloride of an alcohol- 
radicle; 

CTl»O.Ag.O + C»HM « C=H»0.C»n*.0 + Agl. 

Acetate of Iodide of Acetate of ethyl, 

eilver. ethyl. 


2. By the reaction of an acid with an alcohol, etipccially with aid of heat : 


c’H’o.H.o + cw.H.o = c«n'o.c=n*.o + hk). 

Acetic acid. Rthylic Acetate of ethyl, 

alcohol. 


3. By distilling a metallic salt with snlpht^c acid and an alcohol, or by 
drochloric acid gas into an alcoholic solution of an acid.— ^ By the diw 
metallic salt of an acid ether (e.g. ethyl-sulphate of potafludum) with the salt of anoin« 


acid: 


C*H*O.K.O + S0» C*n».K.O» C*fl»0.0*H» 0 + SO».K*.0*. 

Acetate of Ethyi-siilphAle of Acetate of ethyl. Neutral wl- 
potoMium. poUiaium. pliateofpo- 

Uaaium. 



_ solution of an acid anhydride in an alcohol : 

^ ^ (C’n»0)»0 + C»H*.H.O - C»H*0.C«H».0 + C’H‘O.H.0. 

^ Benzole Alcohol. Benzoate of ethyl. Benzoic acid, 

anhydride. 

. By tho acrion of an acid cliloride on an alcohol : 

C’H‘O.Cl + C*H“.H.O - C’H‘0.0»H*.0 + HCL 

Chloride of Alcohol. Benzoate of ethyl, 
benzoyl. 

The stronger ininerul acids, such as sulphuric and nitric acid, cthcrify the alcohols ■ 
V vtiv oxalic acid etlierifies cthylic alcohol when the latter is added drop by drop to the 
.,t'a hish temperature. Sometimes the etherification takes place gradually when the 
and the alcoliol are mixed together, and exposed for some days to a gentle heat ; 
!uo}i according to Liebig, is the case with oxalic acid. Generally speaking, however, 
o^r taic acids etliorify the alcohols onl^when assisted by sulphuric or hydroeliloric 
or when heated "for a long time witli the alcohol in sealed tubes. The mineral 
Zu\ proliably acts abstracting the water set free in the etherification ; or ita 
iMfluenoc may be similar to that which, according to Berthelot and P^an de Saint- 
(.il]*s (p. alo), is produced by an excess of the etlierifying acid. The alcohols are 
, rherifhd by nnbvdrides much more quickly than by acids, and still more easily by 
t! .* (diloridea of the acid radicles. Some organic acids (benzoic, butyric, palmitic) 

I j mIucc compound ethers when heated with the simple ethers (oxides) to 360° or 
C. in a scaled tube. (Berth elot.) 

I’ho lu 0 n a to m i c o x y gc n - c t h er s are liquid or solid bodies Tolatilo without decom- 
jtwitiou. The boiling point of a monatomic methyl-ether is about 63° C. below that of 
t! ? forrcsjiDiiding acid, that of an ethyl-ether about 44° C. below that of the acid. They 
;irt‘ insoluble or sparingly soluble in water, but mix in all proportions with common 
j.lciiliol and ether. They do not immediately exhibit the reactions of the acids from 
vliicli they are derived; but by prolonged contact with water^ they are resolved more 
or less quickly, especially at the boiling heat, into acid and alcohol, c.y. : 

CUP0.G»H».0 + H«0 - CIPO.H.O + CGP.H.O. 

Bvoziiute of eliiyl. Benzoic acid. Ethylic 

alcohol. 

This transformation is more quickly effected by boiling with caustic alkalis^ espe- 
cially in alcoholic solution ; it is likewise produced bjr the stronger acids, such as 
siilpliuric or hydrochloric acid. Tlie ethers may be distinguished one from the other 
hv the [troperties of the acid and alcohdl thus obtained from tliem. 

Tlio monatomic compound ethers are convort4*d by ammonia into an alcohol and an 

iimidc, r, (J , ; 

CTPO.CW.O + NH» - C-IP.H.O + N.H^.C^H’O. 

Acetate of ethyl. Alcohol. AccUmide. 

The others arc likewise decomposed by the more ha.sic anhydrous oxides, when 
heated therewith in sealed tubes, the action being similar to that wliich takes place 
with the alkaline hydrates, excepting that, instead of an alcohol, a metallic alcoholate 
is formed in the first instance, and this, when treated with water, yields the alcohol 
and a metallic hydrate. The following equations exhibit the reactions with a hydrated 
ttinl an anhydrous oxide. 


2C«U«0(o . . 

C»H* t 1 

Ba" 

. 20^‘jo. 

Acetate of 

Hydrate 

Acetate of 

Ethylic 

ethyl. 

of barium. 

barium. 

atcuhol. 




Acetat'.* of 

Oxide of 

Acetate of 

Ethylate of 

ethyl. 

barium. 

barium. 

barium. 


(Berth elot and Fleurieu, Compt. rend. )i. 1020). 

The cyan at es of the alcohol-radicles forma group of monatomic others, which are 
djstinguished by particular reactions, inasmuch as, under the influence of water and 
alkalis, they split up as if they were formed on the ammonia-type instead of the 

^ater-ty-pe ; thus cyonate of ethyl maj^ bo represented either as > 0 or as 

^ j(C0)*' Accordingly, when treated with water, they yield compound ureas ; also 

treated with ammonia, ethylamine, ^hcnylamine. and other organic bases, 
distilled with caustic alkalis, thfy yield an alkaline carbonate and an amine. 
(See Ctanic £tbbbs, p. 195 ,) 

Another class of monatomic ethers requiring special notice are the a methanes, or 
Vot. It 1 1 
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StZ »• •»« 

<,?®/lo. * »H- . »lgg?)"jo . cm-.io. 

CarhonAtA .... 


Carbonate 
of ethyl 


Carbamate of 
ethyl. 


Aloobo), 


iw?’!®* + ra* + C*H‘JI.O. 

Oxalate of ^ .... 


Oxalate of 
etbyU 


Oxamate of 
ethyl. 


The ^ooholio oarbamaie$, or carhameihanest^ or urethanes, may also be obtaSn^ i 
tbe action of ammonia on the chlorooarbonic others (i, 916), e, g , : ^aea ujf 

+ NH* - + HCl; 


S»*oJa**** ***^°'’ ^ °^*’”** vapour, or gaseous chloride of qranogen. on the 

Ti" • H s» - 

'g'Jo . 0H.C1.IK>. . HCl 

*“ ■“ '»•««-. i.. 

. HH. . < 7 jo . 

^ley arc decomposed by alkalis, by boiling minerHl acids, and partially by water, the 

'"Sg?)’|o . H«) . ™!o.hh-. oc. 

Carbamethane, AlcohoL 


'*'■’’*"‘*.0 acidby tho substitution of sn nlcohol-radielefor 
part of the J" ‘he ammomum-moloeule may also be mentioned here : r.y. ethyl- 

carbamic (o (i. 751 ). 

A few monatomio compound ethore are known, in which tlio oxygen is wholly or 
partly replaced by sulphur, Tia Mfocetofe <>/ eMyf, and tlie tidplocyanie 

such as lulpiooyanate of ethyl, and aulphocyanaU of ailyl, [ 9; 

tiWch is the principal constituent of volatile oil of mustard. ^ ' 


Containing Diatomic Acid^radictes, 

^ derired from dibasic acids by the partial or total replacement 
Of ttie typic hyd^en by a monatomic alcohol-padide. The ether is acid or neutral, 
whole of the typio hydrogen is thus lepiaced. 

Ine neutral diatomic ethers of monatomic alcohol-radicles produced by the same 
reaotK^ as the monatomic compound-ethers (p. 612X When the corresponding acids 
are not TOjatile uuthout decomposition, these ethers (those of malic and tartaric acids, 
for examp^) are decomposed by distillation, and cannot thercMforc be prepared by that 
preens. They usually obtained by passing hydrochloric acid gas into a solTition 
of the omnie acid in the alcohol, neutralising the resulting liquid with carbonate d 
Boamm, then shaking it up with common ether, which dissolvea the oomppnnd ethw 
produced, and cTaporating the solvent 

The following are examples of these ethera: 

Oxalate of Allyl . 

Succinate of Methyl . 


(dip)* (f 





m 


(jarnphorate of Ethyl 

Sulphate of Methyl • . • • • • , (SO*^|^* 


Thow ar^' diatomic ethers containing two different alcohol-radicles t they are 
1 if \iDPd hy distilling a salt of an acid diatomic ether with a salt of ethyl-sulpUimo 
or an analogous acid (Chancel), r.y.: 


c^mK 

(C'0»)‘ . 

Kthyl-oxaUta 
of potassium. 


Kjo, . CH»K)o, 
ii° + (SO*)"}® 


CH»K} 
(SO*)“ , 
Methyl-sulphate 
of potassium. 


K* >0, 

(80*)''r 

Neutral 
sulphate of 
potassium. 


+ (0'0>)" p 

Methyl-etbylio 
oxalate. 


The neutral diatomic ethers of monatomic alcohol-radicles are resolved by the action 
of water, or more quickly by that of a caustw alkali^ into an alcohol and a salt of an 
fti'id ether, or into an alcohol and a salt of the corresponding acid : 


. KHO 

OxaUto of 
ethyl. 

+2KH0 

Oxalate of 
ethyl. 


0 * 


CW.K 
(CW)“ , 

Kthyl-oxalate 
of potassium. 


rl 


(C»0*)‘ 

Oxalate of 
potassium. 


Alcohol. 

- 2(T!o) 

Alcohol. 


Ammonia, according to the proportion in which it is added, converts the diatomic 
int<» an alcohol and another of an amic acid (an amethane), or into an alcohol 

!iiul a diaiiiide : 


Tl 


(cvy 
(C‘o-^y . 

Oxalate of 
ethyl. 

(c»n‘)») 

(C*0«)"| 

Oxalate of 
ethyl. 


0“ + NH* 


CW 

H 

Alcohol. 


'o 


0* +2Nn» 


rc»H» 


H 

Alcohol. 


!") 


^ C*H» 

■^NH*(C *07 

Oxamate of 
ethyl. 

■! ”• 


1“ 


+ N* 


fCH)y 

Oxamide. 


The diatomic acid ethers of monatomic alcohoUradicles are produced by heating the 
al.v'lioljt with ct^rtain dibasic acids, or by treating a neutral diatomic ether (oxalate of 
t fliyl for example) with only half the quantity of alkali required to resolve it com- 
plf'tt'ly into acid and alcohol (see above). 

These Hcid ethers in the free state are for the most part rather unstable, being 
easily resolved into acid and alcohol by boiling with water or with an alkali. Most 
of them are decomposed by distillation. They are monobaaic acids, and form salti 
^v liicl) are usually more stable than the acids themselves, and serve for the preparation 
of other ethers by double decomposition; e. g.\ 


0» ^ C«H*Ojo 

Ethyl-sulphate Acetate of 

of potassium. potassium. 


c^n».K) 

(SO*)" 


(SO’X'P + C’H’OP' 

SulphMte of Acetate of 

potassium. ethyl. 


^ Thesulphocarbonic ethers are diatomic ethers, similar in constitution to those 
jurt degcribed, but having the oxygen more op less replaced by sulphur. The follow" 
iDg are examples of these compounds ; 


Ethyl-sulphocarbonic acid .... 
Bietliylic Bulphocarbonate • • • • 

Ethyl-disulphocarbonic, or Xanthic acid • 
Diethylic disulphocarbonate, or Xanthic ether 
Ethyl-trisulphocaxbonic acid • • • 

IHethylic trisnlphocarbonate • • • 


• syo- 

• »!«• 
(COr fg. 

(CO)' igt 

■ Si* 


KL 2 



6l€ 




. ■ • . ■■ ■ ■T' 

The disulphocirbopates, acid and neutral, of methyl and amyl 
cetyldiei^lph^arbonic acid. ^ «l>o 

These ethers may also be regarded as compounds of carbonic anhydride, o 
sulphide of carbon, with the protoxides, protosulphides, hydrates, or*^ suln^ir? 
alcohol-radicles; e.g. xanthic acid « CS* (C*H» H.O) ; xanthic ether « CS-fcmvSn^ 
There are likewise ethers consisting of carbonic anhydride or disulohi<lA ^ t 
combined with an alcohoUc persulphide ;e.g. ^ ® 

Ethyl-sulphocarbonic persulphide or Dicarbonate of ethylic persulphide CO*.C2H*S 
Etbyl-disulphocarbonic persulphide or Dioxysulphocarbonate of ethyl I (PH*S. 

The methyU and amy^diaulphocarbonic persulphides are also known. ^ 

For the formation and properties of all these compounds, see Sulphocabbon 
Ethbbs. * 

The ch loro carbonic ethers (i. 916), derived from the carbonic ethers hv th 
substitution of an atom of cldorine for a molecule of the peroxide of an alcohol-radiVl J 
e.g. carbonate of ethyl * (CO)".C^H*O.C*H*0 ; cMorocarbonate of ethyl = (COV'.C^HK) Cl’ 
also belong to this place. ‘ * 


e. Containing Triaiomic Acid-radicles. 

These ethers are derived from tribasic acids by the partial or total substitution 
of an alcohol-radicle for the basic hydrogen. Every tribasic acid is capable of form- 
ing three such ethers, which are dibasic, monobasic, or neutral, according as 1, 2 or 
8 at. hydrogen are thus replaced. Thus from citric acid are formed ’ ’ 

Monomothylie citrate (dibasic) • • . , CH* [ 0* 

ipi 

(CWO^)"\ 

Dimethylic citrate (monobasic) • . . . (CIP)*' [ 0* 

IT/ 

Trimethylic citrate (neutral) . . • . 0* 

Ethers of aconitic, arsenic, boric, cheKdonic, citric, cynnuric, meconic, phosphorous 
and phosphoric acids have likewise been obtained. The mode of formation and tlio 
reactions of these ethers are, for the most part, similar to those of the diatomic ethers 
(p. 515). 

The diethylic and triethylic phosphates are produced simultaneously by 
heating alcohol with phosphoric anhydride in sealed tubes : 


0 ) 


(PO)- 
+ (PO)" 


■ 0 * - 


(poy" { 

(c*H*)*.irj 


0* + 


(Poy 

(C*H*)= 


-! 


0* + 2ir*0; 


and in like manner, alcohol heated adth sulphophosphoric anhydride (pentasulphide of 
phosphorus) yields diethylic and triethylic disulphopliosphates : 


•XTl 0) 


(psr'^s*- to* (PS)- >0* 

(PS)'"^^ - (CHP)*H5S (0*H»)>5S 


+ IPS. 


A precisely similar reaction is obtained with methylic alcohol and the pontasulphlda 
With amylic alcohol, however, the products are diamylic disulphophosphate, 
and tri amylic tetrasulphophosphate, PS.(C*H”)*S* probably thus: 

All these sulphophosphoric ethers are oily, disagreeable-smelling liquids ; the neutitl 
ethers ara^^soluble, or nearly so, in water ; the acid ethers soluble ; they are «U 
Bolublo in^mmon alcohol and ether. The acid ethers form crystalline salts 
metals. (Carius, Aun. Ch. Pharm. cxii. 190; Kovalevsky, ibid. cxix. 303.) 


4 . Haloid Salts of Monatomic Alcohol-radiclec. 

The ol^o rides, bromides, &c., of these radicles may be regarded as formed froln 
the alcohols by the substitution of Cl, Br,^ &c., for HO; e,g. methylic alcohol 
CH*.H0; chloride of jnethyl CH*.C1. They are produced by the action of the 
chlorides, bromides, and iodides of hydrogen, the metals, or phosphorus on th® 
alcohols. They are mostly liquid at ordinary temperatures ; chloride of motkylt 
however, is p;aseou8. They are decomposed eemeoiil^y in alcoholic solution, 

and by moist oxide of silver, yielding the c<»t^pbhdmg idcohols, and a.nictafli® 





air* 


kj rtde. bromiA Tlioy combine directly with ammonia and iU basdc deri- 

forming B^ta of amines. 

Of the fluorides of the alcohol-radicles very little is known. 

The alcoholic cyanides, or cyanhydric ethers, belong to the halotd group, 
difler considerdbly in their properties and in their modes of formation from the 
iMorides, bromides, and iodides. 

* For the particular properties of all these compounds see Bnomnss (i, 672), 
Chlobides (i. 8^7), Cyanidks (iL 20?y, and Iodidbs, of Alcohol- hadici.b8. 

Chlorinated Oxygen-salta of Alcohol -radicles — Chloroconjngated Ethers , — When 
hlorine is passed into a compound ether containing an alcohol-radicle of the ethyl- 
M fies, C"H^"+h hydrochloric acid is evolved, and the hydrogen removed is replaced by 
chlorino, the action usually beginning with the substitution of 2 atoms of cnlorine in 
this manner, so that the compounds formed are such as 

Dichlorinated Acetate of Methyl . . C*H*C1*0* C^lw \ 


Dichlorinated Formate of Ethyl 


C»H^C1*0* 


CHO 




Tlieso dichlorinated ethers, when treated with alkalis, do not reproduce the alcohols, 
blit excliango their 2 at. clilorine for 2 at. 110, derived from the alkaline hydrate, 
priKlul ing an alkaline chloride, the fatty acid corresponding to the alcohol from which 
tlhM't her is derived, and the acid whose radicle is actually contained in the ether. 
Thus, cither of the chlorinated ethers above mentioned yields with potash, chloride of 
jHitapsium, formic acid, and acetic acid : 

+ 2KH0 = 2KCI + CU=0* + C*H*0*. 


hi short, cither of these bodies acts with an alkali just like a dichloride of formyl and 

, 1 Clio 
si'vt yl, I Cl . 

by the continued action of chlorine, especially in sunshine, the whole of the hydrogen 
roiitained in the ether is replaced by chlorine, and a perchlorinated ether is formed, 

c^ci^ : 


such as perchlorinated acetate of ethyl, C*C1"0* =* I O. When the action is 

.viTUPwhnt less prolonged, or less energetic, intermediate products are formed. 

Thu perchlorinated otherH, when decomposed by heat, caustic potash, or ammonia, 
H'ht up into groups containing separately, the carbon belonging to the acid radicle, and 
tliiif which belongs to the alcohol-radicle. Perchlorinated osealate of ethyl, for example, 

(C*CP)'|^* regarded as ((Sq*q^ 2 |c 1 \ is resolved by heat into car- 

bonic oxide, oxychloride of carbon (phosgene), and chloride of trichloracetyl (perchlo- 
riuated aldehyde): 

C-Cl'^O* « CO + C0C1» > 2C*CD0. 


This la.st product (C'Cl'O) is always obtained by the action of heat on the per- 
iblorinated ethyl-ethers. Perchlorinated acetate of ethyl, 
up at once into 2 at. C*CDO. 

Tjie same perchlorinated ethers, when decomposed by potash, always yield tricblor- 
‘cetic acid ; and with ammonia^ trichloracetamide, e. g , : 


c*a>0)ci 

C«C1»0{C1 * 

oo 

« 2KC1 + 

0 ) 

Perch tor -aretn t o 



TrichHr-acctlc 

of ethyl. 



acid. 

C*C1»0)CT ^ 

c*ci*ojci 

2NH* 

« 2HC1 + 



Xtli«ra oomtalnlng Blatomlo AlooHol-radleleft i aiyool-ellierB. 


1. Oxides. 

The three following have been obtained : — 

Oxide of ethylene • . • • 

Oxide of trityleno . , . * 

Oxide of amylene * ♦ • 


. (C*H*)'0 
. (C*H«)"0 
. (C’W^yO 



TheM <K»ttp(nm<^^ ai« liomeHo With the aldehydes ot the fkt^ e m ^ 

ethylene witrawticaJdehyderi.lOd). ^ o^<le (rf 

Oxide of ethylene, nroduced by the action of potash on glycolic chloAvc? • 
(C*H*)^H0,C1, is a reiy volatile liquid, possessing strong basic pwpcrties, and caoS? 
of uniting directly with a considerable number of bodies, viz. With hydrogen oxv^ 
bromine, water, ammonia (Wurtz), and sulphydric acid (Poster). Its vapoii-deiS?* 
shows that its molecule contains the same quantity of ethylene as the molecule of 
corresponding alcohol In this respect it differs from the ethers of th! 

monatomic alcohols, whose molecules contain twice as much of the alcohol-radicle ^ 
those of the alcohols themselves, e.g, ethylic alcohol — ethyUc ethpi. ” 

The oxides of tritylone and amylene are obtained in like manner, exhibit 
corresponding relations, and their molecules likewise contain the same quantity of ths 
alcohol-radicles as the alcohols from which they are derived. It appears, then, that 
the ethers of both monatomic and diatomic alcohols are related to those alcohols in 
the same manner as the anhydrides of the monobasic and dibasic acids are related 
to those acids, thus : 


Monatomic. niatomie. 

■ ■ — I 1^ -- - 


KthvMc alcohol. 

cfjo 

Elhyllc ether. 

c«a‘»o 

fiti^lenic alcohol. 

Eth,leQic 

(C»H<)"0. 

Ac«‘tlc acid. 

Acetic anhydride. 

Sulphuric acid. 

Sulphuric anhydride. 

a r 

C>HO)o 


(S02)"0. 


The molecule of a diatomic anhydride differs from that of the fcon'esponding hydrate, 
by 1 at. water; thus: H*0 - C»H‘0; and SH*0" - H*0 = 80». In the 

corresponding monatoftiic compounds, this relation does not exist. 

A body having the percentage composition of oxide of methylene, CH®0, is oh- 
tained by the action of iodide ot methylene on oxide or oxalate of silver, or of acetate of 
methylene on oxide of lead (But tie row); but it is not analogous to oxido of ethylene, 
jfor its vapour-density shows that its molecule contains 2 at. of methylene (Clr‘‘)*0^. 
Moreover, it is a crystalline solid, much less volatile than oxide of ethylene, and appa- 
rently quite destitute of basic properties. It cannot, therefore, be regarded os the 
first term of the series of diatomic ethers (C'*H^")"0. 


fi. Oxype n* salts of Piatonic AlcohoUradictes, 

These are the Oompound ethers of the glydols or diatomic alcohols, and may be de- 
rived from two (or 2?t) molecules of water by the substitution of diatomic alcohol- 
radicles for one portion of the hydrogen, and of acid radicles for the remainder or ft)t 
1 portion of it. The following are examples of the formul® : — 

l)iacetate of methylene (neutral) 

... 


Monoacetate of ethylene (basic) . 

• • • 

«h|o* 

Biacetate of ethylene (neutral) • « 

• • « 


Aceto-butyrate of ethylene (neutral) • 

• • * 

fc»H»0 {O* 

C<H’0 ) 

Monoethylate of ethylene (basic) • 

• t « 

CT”- 

Biethylate of ethylene (neutral) • • 

• • * 

!^i»- 

Oxala^ of ethylene • • « • 

* . • 

'(???!«* 


The following have likewise been obtained : — ^The monohuigraUf mofMfaierai$t 
fXHt^dipaUraie, afieto^vateraUt dukarate, and dihenMoaUqf eikylene; and the moncoceiaU^ 
itfiriiylme^ Uitykne and amylene i also several polyethylenio acetatee of th# 

formula, Stdpkocymate ^f |s», mi^ ukiu he meo' 

tiened as asidogoiw iniOonstitatioB to the neutral ethers in the pre * iiig table* 


lit 

of C^H* (L 577), ate likewise analogouB in cotapositiott 

canwu ^ perhaj^ not strictly comparable therewith ; for they 

to by double decomposition from the chloride of bensyleUe 

1 • ^Droduced by the action of pentachloride of phosphorus on hydride of benaoyL 
vhicn »* P aldehyde (hydride of acetyl), treated with the same reagent, 

^*^ 1 ^ *^not chloride of ethylene (Dutch liquid), but an isomeric body called chlmride of 
^rk me (i. 107)* Hence it is probable that chloride of bensylene (chlorobenzol), and 
ethyiiQ^^ V • ffom it, are not true glycol-ethers. Similar observations 

<^*“* <*• ^**)- 

e neutral ethers of diatomic alcohol-radicles are obtained by the action of silver* 
fjiltfl ou the bromides or iodides of the corresponding alcohol-radicles, r. y. ; 

(C>H')"Br* -t- 2(C*H*O.Ag.O) - 2AgBr + (C*H*)''.(C*H>0)«.0». 

Tbev are oily liquids, miscible in all proportions with common alcohol and ether ; the 

fctatcri of methylene, ethylene, and tritylene are soluble in water, the rest are nearly 
of quite insoluble. They are easily decomposed by alkalis into a diatomic alcohol and 
a metaUic salt of the acid. 

3 . Haloid Salta of lyiatomic AlcohoUradicUa. 

The chlorides, bi*omides, &c., of these radicles may be derived from the diatomic 
ali-ohols iu the same manner as the monatomic chlorides, &c., from their corresponding 
alcoliols, riz. by the substitution of Cl, Br, &c., for an equivalent quantity of peroxide 
of hydrogen. i3ut as there are 2 at. HO to bo thus replaced, the substitution may be 
total or partial, producing in tlie one case a neutral, in the other a basic chloride, uro* 
niide, &c., c. g. : 

Glycol (C^H^y^HO.HO 

Glycolic Chlorhydi-in (C'‘H^)M10.C1 

Bichloride of Ethylene • . . . . (C'^H^l'Cl.Cl. 

In the basic compounds, the remaining atom of hydrogen may bo replaced by an acid 
radicle (or the remaining HO by the peroxide of on acid radicle), c. g , : 

Glycolic lodacetin (C«H*y'.C*lDOM 

Glycolic Chlorobutyrin (C»H*)".C'H’0*.CL 

The dichlorides, &c., of the diatomic alcohol-radicles are produced by the direct 
foriib illation of these radicles with cliloriiie, bromine, and iodine, or by the action of 
uercliloride or bromide of phosphorus on the corresponding diatomic alcohols or their 
basic haloid salts. The first mentioned reaction is characteristic of the diatomic alco- 
hubradiclcs, and serves to separate those which are gaseous from mixtures of gases 
iind vapours in which they occur. Most of these compounds are oily liquids ; but 
iodide of ethylene and its higher homolo^es are solid at common temperatures. Al- 
coholic ixitash converts them into the chlorides of monatomic radicles. 

The basic haloi’d compounds of ethylene are oily liquids, whose reactions are 
clniilar to those of the monatomic alcoholic chlorides, bromides, &e. ; but when treated 
Mith alkalis, they yield the corresponding diatomic oxides (p. 617). 


Sthart OdUtalnliig 'Srriatomio Aldoliol*t«dioldi« 


The only compounds of this group at present known are the glycerides, which ate 
derived from a molecule of glycerin, | O*, by the substitution of acid radicles 

1, 2, or 8 at hydrogen, e, g * : 

Monoat^arln* DfiitiSirin. Trlitearis. 


sseio. 

H* ) 


(C*HT' ^ 

(C*»H"0)*V0» 
H > 


(CW)'" ( 
(C«H“0)* \ 


O* 


These glycerides are produced by beating glycerin with the respective acids in 
Jealed tubes in the required proportions. JdRst of those which have hithtfto been 
foiled contain only monatomic acid radicles ; many of those in which 8 at hydrogen 
^ thus replaced, exist as natural fiats. 

A few glycerides have also been formed wmtaining diatomic and triatomic, as well 
monatomic acid radicles (V an Bemmelen, J. pr. Chem. llix. 84), e.p,: 



oocvinin. BensOfUCCintll* . umm; 



All these glycerides are oily liquids or solid fats, which, when boiled with alkal 
are resolved into glycerin and an alkali-salt of the acid contained in them. This 
the reaction which takes place in the ordinaiy process of soap-making or Faponiftcil 
tion. 

Glycerides are also kndwn containing monatomic alcohol-radicles, e. g , ; 

(CWr\ 

Ethjl-amyl-glyceria . K 

n I 

Triethyl-glyceritt . . } 0* 

For the preparation and properties of these compounds, see GltcUbidbs. 

Berthclot obtained oxide of glyceryl, or glyceric ether, 
action of potash upon iodhydrin. |' 

The triatoraic haloid-compounds of the alcohol-radicles rfesemblo the corresponding 
diatomic compounds (p. 518) in their constitution and matty of their properties. 

The haloid-compounds of glycerin aro obtained by heating that liquid with hy- 
drochloric, hydrobromic acid, &c., in sealed tube.s. They are derived from glycerin, 
C*H*.(HO)* by the partial or total replacement of the IIO by Cl, Br, &c., r.y. ; 

Chlorhydrin. Dichlorhydrin. Triclilorhydriu. 

(C*H‘‘)'".(H0)*.C1 (C*IPy".HO.Cl» (C«H")'".C1». 


Ethyl-glycerin 4 • C*H* 1 0* 

Diethyl-glycerin • . (C*H*)® 


)o. 


By heating glycerin with a mixture of hydrochloric acid, &c., and an oi^gen-add, 
similar compounds are obtained, in which the HO is replac^ partly by Cl, &c., partly 
by tha peroxide of an acid radicle, e. g , : 

Aceto-chlorhjdrin (C*n«)"MI0.C*H>0*.Cl 

Diaceto-chlorhydrin .... (C»n»y".(C»H*0*)».Cl 

Aceto-dichlorhydrin . .* . . (C*H*)'".C=H*0» OR 

These ethers are oily liquids which, when boiled with alkalis, reproduce the acid or 
acids and glycerin. « . . 

The formation of all the glycerides above mentioned is attended with the elimina- 
tion of a number of atoms of water equal to the number of atoms of a monobasic acid, 
or double that number of a dibasic acid, or three times that number of a tribasic acid, 
which enter into the combination, thus : 


Monostearin 
Distearin . 
Tristearin . 
Succinin 
Citrin 


» C»H*0* + - H*0 

« C*n**0* + 2C**H*W - 2H*0 

C»TB;i«h»o» « C*H»0» + 3C'*H**0* - 8H*0 

c»n'®o» =» c»H»o» + c^H»o* - 2n*o 

« C*H»0« + - 8H*0 


See also page 509. There are, however, a number of glycerides whose formation is 
a^nded with the elimination of a number of atoms of water greater or less thau that 
indicated by the preceding rule, c. g , : 


Epichlorhydrin • 
Epidichlorhydrin • 

Iodhydrin • 

, GH^eero-tartaric acid 


C*H»0C1 - 
C*H^C1* 


C»H«0» + HCl 
C*HK)« + 2HCa 


- 2H»0 

- 3H«0 


(C!*H*r| 


CWO»I - + HI 


Ktuterie add . C''H>*0“ - CH^ + 2C‘H*0* - 



90 





"siii 


(C'HT) 

jlyoero-tritartaricacid C«H«0>» - C>H*0* + 3C*H*0* - 2H’0 -(C‘^0‘)*|o» 

(c*H‘r \ 

:piglycero-ditartaric | c"H'‘0" - C*H*0» + 2C*H»0» - 3H’0 «(C<^*0‘)*J 0‘ 
)igly.erictriethylate . C'«H»0> - 2C*H!'0* + 3C»H*0 - 4ffO 


jiglyccric clilorotri-|Q„ujio<ci=. 2C*H'0» + 2C=H*0) - 4H'0 


ethylate 


+ HCli 


rriglycmctetrethylate C'’H-0» - SC'H'O* + 4C»H«0 - 6H*0 


(C*£E‘)*) 
n 

(C*H‘)»|0 

(C»H‘)no’ 

H / 


Stbers eontelntiiit Tetratomlo AloDliol-radioleB< 


The only known ethers of this class are the ery thromanni tic etners tp. ouo;, 
Im rod from the tetratotnic alcohol, |o^, e.ff. the dibenzoate, 

)-orseIlute (picroerythrin) =» 


he mono 


Bthers oontalnlngr Hezatomlo Aloobol^radloles. 

The raanni tan ides and dulci tan ides belong to this group, being derived from 
^ntinitan or dulcitan, C^II‘^0*, which is a tetratomic alcohol, containing the hexatomio 
udicle C"!!", thus : 

■ 

)ietliylomannitan . C>®n‘« 0 » - CTI'^O* + 2 CTPO - 2 H =0 


C»oni«o» • + 2C*II^O» - 2H*0 

« C«n«0» + 2C^H«0* - 2n‘0 
*» C3^**0* + 2C^H*0* - 2H*0 


)iacotomaDnitan 

)ib€nzomannitaii 
)ibutyromannitan 

Letrabutyromaunitan C«H*K)» « C«H»0» + 4C«H«0* - 4H»0 


(cp-jo. 

C*IP .0. 
C*H» ^ 
II* J 

(G*H='0)* [ o* 
H* ) 


(C'HK))*jO* 

(C^H’0)*f0* 
H* > 


5accinomannitan . - C«H**0* + CWO* - 2H*0 - (CW0*)"|0» 

H* ' 

Jibomumitan . . C«H'*0» - + <?H'0' - 3HH) - (Cp)T|0* 

Y 

WcitromannitMi . C*H”0* + 2C*H*0» - 4H»0 — {C>^0*y < 

H* # 



m 


ETHEltId; 


Chlorhydto-iiuuinitan OT>*0*01* - C®’*0‘ + 2Ha - 2H*0 . 

H* iCP 

Hexheniomannitan . C«H“0'* - C*H»0‘ + 6C*H‘0* - 5H«0 [o. 


(CH' 

MMuj-diwlphorio | q.2us«oh . C*H“0* + 21^80* - S’O « 

Mwmtrwulpliuric | . C«H‘*0» + 3II*S0« - 2H*0 • (sb^ 

(CW)’* 

Mannltartaric acid . C"II«0“ * + eC^H-O** - 6H*0 * 

H* 


0* 


0* 


0'> 


Tli 0 dulcitanides bare the same composition as the mannitaiiides, being derived 
from dulcitan,^^ fiwt, Wanklyn and Erlenmoyer hare shown (K^p, 

Chim. pure 1862, p. 361 ; Chem. Soc. J. xv. 466) that mannite and dulcite, C«}I“0«, 
are hoxatomic, their rational formula being ^^H*|^** formula thut 

of mannitan (and dulcitaii), |o*, is derived by simple elimination of water, 

The forraulee of the mannitanides and dulcitanides cannot however be consulrrel 
as established with certainty. In fact they are uncrystallisable compounds, v/hiflj 
by evaporation can only bo obtained in the state of syrups, not admitting of exaet 
analysis. 


PolyettayleniCf l^olyglyoeHc Sthera, die. 

The polyatomic alcohols differ from the monatomic alcohols in this respect, tlml 
thejr are capable of undergoing dehydi’ation in various degrees. Common alcohol, 
which is monatomic, can form only one anhydride, viz . : 

2C'H«0 - H'^O * 

alcohol. Ether. 


But glycol, which is diatomic, is capable of forming an indefinite number of anhy 
drides, e. g . : 

C«IPO* - H^O * C'^n^O Oxide of ethylene. 

2C’H‘0» - H'O - Diethylenic alcohol 

2C*H*0» - 2n'0 - Dioxethylene. 

3C’H*0* - iWO - Trieaiylenic alcohol 

4C’H*0« - 3H‘0 - ^*^^*^*|o* Tetrethylenic alcohA 

Cilycerin, in like manner, forms polyglyceric alcohols, thus : 

2C*H*0*- IPO - Pyroglycerin. 

2(?HH)‘ - 2H‘0 - Pyroglydde. 

2C!*H*0' - 3H«0 - Oxide of glyceiyl 

AU these comeoends may be regavled as ethers, loasmuch as, like p**^®*.*^ 

3 ^ we formed by the union of two or more molecules of an alcohol, witk elifflJJ^ 
Watet, tut thoie ^hich still contain replaceable hydrogen are usnulljr 
iicbhols. 



ETHEfeS—EttllOitlC ANHYDRIDE. 


When in ^ equation as the above, a molecule of a polyatomic alcohol is 
1 ^pd*by one or more molecules of an acid, compound ethers result, of different. 
J^mSty alcohol from which they are derived : e. g — 


Glycolf Acetic acid* 


((yH>0)»P 

Diethylenlc 

diacctate. 



(» + i)ffo - (JPhS?!® 

n-Rtliylenlc 

diacetate. 


. 3[<^ |o] - .H„ . (g|: 

Glycerin. Alcohol. H 

Trietliylenfc 

diglycerate. 

A single molecule of a di- or tri-atomic alcohol can undergo only one degree of 
dehydration ; viz. by the abstraction of 1 at. water : 

(CW)"|q, _ _ (C“H<)".0 

Glycol. Oxide of 

ethylene. 



- IPO - (Cgl»))o, 

Glycerin. Glycidc. 

But a single molecule of an alcohol of higher atomicity may undergo several degrees 
of (loliydration. Thus, from man nito, formed by successive 

abstraction of H^O, the compounds | mannidef^^^^ |o^ 

and the theoretically possible oxide of manniiglt (C"H“)’*.0*, 

ETBS&S, ACfiTXC. These and the ethers of other oxygen-acids are described 
after tlio several acids. 

STHSBS, SROMUTBRZO or SnrB&OBBOMZC. These and the ethers of 
otiuT liiilogoii-acids arc described under the several alcohol-radicles, Alltl, Amyl, 
IviHYr., &c. 

ETHZBE, aORZe. See Ethyl, Eoridb OP (p. 5 at>). 

BTazosrxG ACZB. C“11‘’S’0’ = C-IP.2S0*.H’0. (Magnus, Pogg. Ann. xxvii. 
87H ; xlni. 514. — Marcliand, ihid. xvxii. 466.) — Produced by the action of water on 
(‘thionic anhydride; also by saturating anliydrous alcohol or ether with sulphuric tinhy- 
ciridc and diluting with water. Or the bariuin-salt may first be prepared by adding abso- 
lute ahohol to ethioiiic anhydride, then diluting with water and saturating with carbo- 
nate of barium, evaporating the filtrate at 100® C. till precipitation commences, and 
completing it by adtfition of absolute alcohol ; and from the barium-salt the acid may bo 
obtained by precipitating the barium with dilute sulphuric acid. The a<^ueou8 wid 
cannot be evaporated without decomposition, even in vacuo, as it splits up into 
fculphuric and isethionic acids : 

C^H».2S0*.H-0 + H*0 * H^SO< + C*H«SOMPO. 

At the boiling heat this change takes place rapidly. . i . 

The ethio nates appear to contain, in the dry state, tlie acid being 

dibasic. The ammonium-, potassium-, sodium-, and barium-salts ciystallise readily. 
The jJofeM/ttM^salt, + ^IPO, docs not give off any water in vacuo, oV 

oven when heated, before decomposition takes place. At a high temperature, it blackens 
and yields a sublimate of sulphur. Heated with hydrate of potassium, it yields sul- 
phate and sulphite of potassium. The hariv/m-Bcdt^ + H*0, gives off 

I it- Water in vacuo, and decomposes at 100® C. Heated in a tube, it yields a attbli- 
fi^ate of sulphur. It dissolves in about 10 pts. of water at 20® C. 

STRZONZO ARTBTBRZBaB* Sidphate of Carhyl, C*H*.2SC)* fBeffnault, 
Ann. Ch. Phys. Ixv. 98 ; Magnus, Pom. Ann. xlvii. 609]), is obtained by briniraiig 
blether olefiant gas and vapour of sulphuric anhydride in a tube ; also wh^ abw^.. 
hue alcohol is left for some time exposed to the vapour of sulphuric annydrido* It 
forms crystals, which melt at 80® C., and deliquesce in the air. They mix with wate* 




md alcohol, producing riae of temperature, and yielding a golution of ethu^6 
[f, howoTor, the heat produced by the reaction is very greal^ ieethionic add U 
)roduced. wwm 


Ethionic anhydride and ethionic acid may be represented typically as follows* 


Type. 

H^ol 

H"0) 


Ethionic 
antivdrfdp. 

(c^ii^rio 
(SO‘0" . 
(so^r 


Type. 

H^O 

II'O 

iro 


Bthionie 

acid. 

(CW)"!^ 
(SO')" fO 
(SO')" }0 


1ITBT&. often denoted by the shorter 8yml)ol, E; in the free state 

C*H'* » E'-*. — The radicle of ordinary alcohol and ether. It was first obtained in thi 
free state by Frank land in 1849 (Chem. Soc. Qu. J. ii. 263). It is produced from 
iodide of ethyl by the action of zinc at high temperatures ; also by the action of lieht 
Preparation, — 1. Pure iodide of ethyl is heated with finely divided zinc in a stiunff 
sealed glass tube immerse J in an oil- bath. The granulated zinc is first introduc^ 
into the tube ; the upper extremity of the tube then drawn out and bent twice at right 
angles ; the iodide is introduced by beating and afterwards cooling the tube, while 
its open extremity dips into the liquid; the air is then exhausted by the air-pump; 
and the tube is scaled and immersed in an oil-bath. The decomposition of the lodido 
of ethyl begins at about. 100° C. ; white crystals arc deposited on the ^lass (probably 
consisting of a compound of iodide of zinc and zinc-ethyl), together with a colourless 
mobile liquid, equal in bulk to about half the iodide of ethyl used, and consisting of 
condensed ethyl, hydi-ide of ethyl, and ethylene. These compounds are separated by 
their different degrees of volatility. The tube when cold is immersed in a mixture of 
ice and salt, and the narrow end is broken off under water. 

The ethyleno and hydride of ethyl being more volatile than the ethyl itself, escape 
in ^eatest abundance when the tube is firat opened ; and by collecting apart the gas 
which comes over after the evolution has become slow and regular, a gas is obtuineil, 
which, when freed from ethylene and undecoinposcd iodide of ethyl l>y means of 
sulphuric anhydi’ide, and from sulphurous acid by putash, is found to bo pure 
ethyl, C*ll \ 

In the preceding reaction three distinct chemical changes occur, viz. : 
i. The decomposition of iodide of ethyl by zinc, with formation of ethyl and ioditlo 
of zinc: 


2C'H'I + Zn = + ZuV. 

ii. The decomposition of iodide of ethyl by zinc, with formation of ziuc-othyl and 
iodide of zinc : 

ZC'n'I + Zii' = + ZdI'. 


iii. The reaction of the zinc-olhyl thus formed on the undecomposed iodide of ethyl, 
by which hydrido of ethyl, ethylene, and iodide of zinc are formed : 

2C'H‘I + + 2C'H' + Zul*. 

2. A few drops of iodide of ethyl are introduced into an inverted glass globe filled 
with mercury and exposed to sunshine ; or, better, the sun’s rays are concentrated on 
the iodule of ethyl at the top of the mercury by a parabolic mirror. The iodide of ethyl 
is then decomposed, iodide of inercui^ is formed, and the globe becomes filled with 
gas, which is a mixture of ethyl, hydnde of ethyl, and ethylene, the two latter being 
.. produced by the decomposition of a portion of the ethyl: C^H^® a C*H® + C*H|. Is 
this process, however, only* one-fiflh of the ethyl is thus decomposed, whereas in tbs 
decomposition by zinc, the qutintity thus lost is about one-third of the whole. The 
ethyl is freed from the other two gases as in the preceding process. (Franklano, 
Ann, <?h. iPharm. Ixxvii, 221.) 

, Ethyl is at ordinary temperatures a colourless gas, having a slightly ethereal odour 
j pure, it would probably bo inodorous); it bums with a white and very 

hifitunoua fiame. Its specific gravity was found by a diifusion-experimont, aocoraing 
' to Gh^am^s kw (see Gases, Diffusion of), to be 2*0. This shows that its molecule 

is represented by the fonnuJn « 0^)69S - 

i. 97). It does not condense at — 

^ condensing apparatus, it condenses at + 3®, and ttuder ?*®**P^ 
^to a transparent^ colourless, very mobile liquid: benoe its hoilmj 
ordinary pressure is probably about — 23° C. 




is nwiy insolable in water, bnt aoluble in absolute alcohol. 1 tol. absolute 
U'2^C., and under a prcs^re of 744 8 mm. dissolves 1813 vol. of tUo gas, 
t^ves it ttp addition of a snxaJl quantity of water. (See Gases, 

6J Tol. oxygon to burn it completely : for 
require 4 at (or 4 vol.) 0. The products 
Vthfrcombustion are water ana 4 rot. uu*. Mixed with half its volume of 
, I passed over spongy platinum, it remains unaltered at ordinary temperatures; but 
the application of a gentle heat, the platinum becomes red-hot, a small quantity of 
t-,reoiil is deposited, and water, together probably with marsh-gas, produced. It is 
^ 1 , t leted upon by nitric, chromic, or fuming sulphuric acid. With iodine and sulphur 
it (ties not combine even wlien moderately heated ; but at a red lieat, sul])huretted 
),v,lr.><^eu is formed, and charcoal separated. Chlorine does not act upon ethyl in tlio 
(imkrhut a dry mixture of the two gases in equal volumes, exposed to diffused liglit, 
|;„b‘r?ocs a change of volume and forms a colourless liquid. Bromine acts upon 
Pthvl wlion the two are gently heated together in tlie direct rays of the sun, but the 
rri'iluclH of tlie decomposition hiive not yet been examined. 

Etlivl eaters into the composition of a large nninl)er of eompounds, in wliich it plays 
tlu* part of 11 monatomic basylous radicle, analogous to hydrogen or potassium, so that 
il.e chloride, hromirie, nitrate, acetate, &e., contain 1 at. (f-’II'*; the oxide, sulphide, 
neutral j>uli)liate, and other neutral ethyl-salts of dibasic acids contain 2 at. C'-’IP; the 
ir utral salts of triluisic acids, suoli ns the phospliate or urate, 3 at. C“lt*, &c. &c, 
]t llkiwise unites with other alcohol-radich'S, viz. tetryl and amyl, produeing com- 
pnitid alcohol-radicles, which, in tlieir eonstitiition and mode of formation, are exactly 
auiilogvms to ethyl itself, regarded as C*^IP.C'iR (Sec A lcoiiol-Eauicles, i. 97.) 

Ktiiyi-Amyl. C’11'« - CaP.CTT'h (Wurtz, Ann. Ch. Phys. [3] xliv. 275.)— 
This cciiipound is obtained by decompo.sing 60 pts. of iodide of ethyl and 70 pts. of 
iiKlide of ainyl with 14 pts. of sodium in a flask proviiled with an upright condensing 
t:il»c oeoled by ioe-cold water, so that the condensed vapours may run buck into the 
tl i^k. The action hegins in the cold, and i.s attended with evolution of heat ; towards 
the end, liowevcr, it requires to be sustained by external heating. The action is then 
kept up hy adding quant ities of llic materials about equal to the former, and when it is 
(■.iiiipli’t(‘, the product is distilled in an oil-bath, the portion wdiicli goes over below 
being collected apart, and heated to 120® wdth excess of sodium in a scaled 
tiihc to complete the deconqmsif ion. lly fractional distillation of the proilncts, ethyl- 
finiyl is obtained as a licpiid boiling at 88'^ 0., of specific gravity 0*7069 at 0®, 
nnii vapour-density = 3*522, corresponding 'with a condensation to two volumes 


.12 + 16. 1 ^ X 

2 X 0 0693 = 3-465:. 


It is but slightly attacked by pentachloride 


(- 

of phospliorus at its boiling point ; but in scaled tubes decomposition takes place : the 
pnnlucts have not, however, been examined. 

KrifYL-TF.TUYL. — C-ll'\C*TI*. (W\irtz, loc. cit.) — Prepared, like the pre- 

Cciliiig compound, by decomposing 40 grms. iodide of tetryl, and 34 grms. iodide of 
•tliyl with 11 grms. sodium. It is a mobile liquid, boiling at 62® C., of specific gravity 
07011 at 0° ^ / 1- 6.12 -f 14.1 


and vapour-density = 3*063 (cnic. - 


X 0*0693 = 2*980). 


Arsencthpis, Ethi/lar sines. See ARSEKio-IlAi>ici.k$, 


The compounds of ethyl with oxygen, sulphur, chlorine, bromine, and other elemen- 
tary bodies, will be described here in alphabetical order ; the oxygen-salts, such as the 
aortate, benzoate, &c., are described after the corresponding acids. 

BTRYXi, AWTlMOmBSS OP. Antimoncthjhy Slibcthpls, Ethylstihinrs. See 
ANTiMONT-RAmcLES, Oboanic, i, 339. 

BTsnrx., jB.R8i:irx3>S8 op. 

f>RGANic, i. 397. 

BTHYX, SORXBR op. Boric Ethidc, Bordhyl. = B(CW)* 33E» 

(t rankland, Phil, Trans. 1862, p. 1C7 ; Chem. Soc. J. xv. 363.) — Produced l)y the 
action of zinc-ethyl on triethylic borate (i. 650): * 

4E*BO> 3Zn"£2 « 4BE* + 3Zii"E«0». 

on. --Several o-unces of boric ether were placed in a eapaeiotm f^k 4do||E^ 

a triethylic borate by distilliiiR about 3 lb«. of a mixture of 2 pts. drW bfl4r«x «hd 

t)f potassium in a Papin’s diitostcr; agitates the crude distillntes from lev e^aLapch 
V of boric ether and a large excess of alcohol, with fused chloride of ca1c{i^?T^ 

s HmJ I ’•,'**^* decants the upi.er larer of liquid thus produced, which consisU of boric vtbir.lHIin 
alcoholic stdutlon of chi ride of caiciiini below it : and subjects it to dUlitll 
wuwuig the liquid which passes over hetwees 1 18« aud 12*0 C. * V ’ - " 







by a doubly pwforated cork. Through one of the ^ ^ 

and through the other a short glass tube, one fouptli of an inch fn diameter* 
at both ends : the bulb of the thermometer dipped into the boric ether. 
quantities of ^e zinc-ethyl were introduced through the short .glass tube 
of a pipette, the elevation of temperature after each addition being allowed tosS^J* 
before the next portion was added. The failure of a ihrther addition of zinc-SI^j 
produce aiy rise of temperature was regarded as evidence of the completion of H 
reaction, which was not attained until a comparatively very large amount of zinc-etl o 
had been added. ’ 

The liquid in the flask was now submitted to distillation in an oil-bath. It bewH 
to boU at 94® C., and between this temperature and 140® 0. a considerable qimntitvf 
a colourless liquid distilled over. The distillation then suddejily stopped, and t 
avoid secondary products of decomjiosition by the application of a greater heat, th^ 
operation was interrupted. On cooling, the materials remaining in the flask solidified 
to a mass of large crystals of ethylate of zinc and zinc-ethyl. On rectification, the 
distillate began to boil at 70® C., but the thermometer rose rapidly to 95®, at which 
temperature the last two-thirds of the liquid passed over and were received apart. 
The product thus collected exhibited a constant boiling-point on re-distillation. 

Properties. — Borothyl is a colourless mobile liquid having a pungent odour ; its vapour 
IB ve^ irritating to the mucous membrane, and provokes a copious flow of tears. The 
specific gravity of borethyl at 23® C. is 0*6961 ; it boils at 95® C. Its vapour-density, 
as determined by Gay-Lussac’s method, is 3*4006 ; by calculation, for a condonsation to 

two volumes, it is 3*306 ^ x 0*0693 

The density of borethyl vapour increases more considerably than is usual, as the 
temperature approaches the boiling-point ; thus a determination made at 132® C. gave 
the number 3*6979, wliilat a second showed the specific gravity of the vapour at 
101*6® C. to be no loss than 3*767. 

Borethyl is insoluble in waUr^ and is very slowly decomposed by prolonged contact 
with it. Iodine has scarcely any action upon it, even at 100® C. It floats upon oon- 
centmted nitric acid for several minutes w'ithout change; but suddenly a violent 
reaction takes place, and crystals of boric acid separate. When borethyl vapour 
comes in contact with u/r, it produces slight bluish-white fumes, which in the dark are 
seen to proceed from a lambent blue flame. The liquid is spontaneously intiammablo 
in air, burning with a beautiful green and somewhat fuliginous flame. In contact with 
pure oxygen it explodes. Excluded from the air, borethyl is quite a stable body ; u 
quantity of it kept in a sealed tube for two years exhibited, on examination, noeviclcnce 
of alteration. 

When borethyl is heated to 99® C. with strong hydrochloric acid over mercury, a 
considerable quantity of hydride of ethyl is slowly evolved, and chloroborethyl is 
formed ! ^ /r’*TTs\s 

+ HCl « a ^ 

WTien borethyl is heated with water to 99® C. for several hours, it also appears to 
Bttfler an analogous decomposition, although with extreme slowness; even with hydro- 
chloric acid, the action is very tedious. In the cold, a strong solution of hydro- 
fiudric acid has no action upon borethyl, which also suffers scarcely any change 
by being heated to 99® C. for four hours with concentrated sulphuric acid. Gently 
heated for fourteen days with sodium in a sealed tube, borethyl underwent no visible 
change. 

Ammonio^Borethyl, NH*.B(C*H*)* — ^When a few drops of borethyl are 
, up into a dry eudiometer filled with mercury, and dry ammoniacal gas is admitted into 
the same tube, each bubble of gas collapses with a shock, like that produe^ by a 
bubble of steam projected into cold water. A large quantity of ammonia 
abisOrh^ by borothyl with extreme energy. To prepare Ae compound thus formed in 
larger quantity, several grammes of borethyl were placed in a small flask filled with 
^^nitiogen and surrounded with ice ; a current of dry ammoniacal gas was now paswd 
into the flask as long as it was absorbed; flnidly, the product thus obtained was 
wam^ to expel excess of ammonia, and then exposed in vacuo over sulphuric acid for 
twenty*fi>ur hours. It did not crystallise, and could not be dteUll^ except in vacuo, 
without decomposition. ^ 

: Ammottio-horethyl is a somewhat oily liquid, possessing an aromatio odo^ and W 
fidkhUttd ruMtm Carbonic acid has no action upon it, even in jpresence of 
olhw it instantly and liberate borethyl When it is mtposad to a 

quanrity of atmospheric air, there is scarcely any perc^tible ahaoipt*^ w 



Osii*ofBotethyl, B(C«H»)K)' 


I B^C*H*0. — ^Wben boretbvl is plsMi ia a 

(c*s»o 

A allowed to oxidise cradnally, first in dry Mr and finally in dry oxygen, it 
^ colourless liquid, jrhicn boils at 125® C., but cannot be distilled under atrao- 
^**^Dressuro without partial decomposition. At the ordinanr temperature, this 
of oxidation evaporates without residue in a stream of carbonic anhydride. It 
distilled in vacuo without decomposition. 

body which is the oxide of borothyl, may bo regarded, as shoum by the second 
ffhfl above formulfle, as dioxcthylo-borothyl, t.c. as l^orethyl in which 2 at. ethyl 
laecd by 2 at. peroxide of ethyl ; and this view of its constitution is supported 
f^ B^beliavioiir with water : for when placed in contact with water, it is instantly 
yitdding alcohol and dioxnydro-borethyl, a compound derived from 
bTr thyl by’ the substitution of 2 at. peroxide of hydrogen for 2 at. ethyl; 

(CTP 

BiC^iPO + 2H*0 « BjHO +2 
(cwo UIO 


LTlo} 


Pioxhvdro-borcthyl may be conveniently prepared in the pure state by agitating its 
aaupoiis solution 'with ether, wliicli dissolves the boric compound. The ethereal solu- 
ti' iu Tiiupt then l)o decanted ; and on evaporation at common temperatures in a stream 
of fiii'bonic anhydride, the compound is left behind as a white and very volatile 
trvsLillini' mass, very soluble in water, alcohol, and ether. It has an agreeable ethereal 
t.iour, and a most intensely sweet taste. Exposed to the air it evaporates at ordinary 
rviiipcraturcs, undergoing at the same time partial decomposition, and invariably 
h\i\ iiiL' a blight residue of boric acid. It may be sublimed without change at about 
4 ( 1 ® (.' in a oiirront of carbonic anhydride, and then condenses in magnificent crystal- 
lino {iatos resembling naphthalin. It melts at a gentle heat, and at a higher tempera- 
t'lro boils with partial decomposition. Its vapour tastes intensely sweet. It readens 
litnms, but does not appear to be capable of forming definite salts with metallic bases ; 
c xi'li' of borothyl ma\^ however, as alreadv observed, be regarded as its ethvl-salt. 

I’ranklaiid gives also another view of the composition of these bodies. He regards 
b^n thyl ns boric anhydride, BO* or B*0*, in which the whole of the oxygon is re- 
I '.aeed by nn ('quivalent quantity of ethyl (I at. C*M^ for each at. 0 9 8, or 2 at. CW 
Inr ( ai'li at, 0 « 16), and supposes that when this compound is exposed to the action 
of the air or of oxygen gas, 2 at. ethyl are removed, and their place supplied by an 

f 

(quivalcnt quantity of oxygen, producing OTfwric dioxethide, B j O , of 


I) I , which remains combined with the oxide of ethyl formed at the same time, 


producing of boric dioxetkide, B| ,(C*H^)*0, or and this, 

when subjected to the action of water, yields dihydrate of boric dioxethiae. 


c^n* 

HO 

IHO 


.IPO, or B I HO , which may be regarded as a dibasic acid, of which the hy- 


pothetical compound, B | , is the anhydride. 


An argument in favour of the supposition that borethyl is produced by the substitu- 
tion of ethyl for oxygen in boric anhydride, is deduced f^ra the formation of the 
analogous compound, bormethyl, or boric methide, B(CH*)*, or BMe*, by the 
action of zinc-methyl on triethylic borate, which takes place as shown by the equation • 

3E»0.B*0* + 3Zn"Me* - 2BM:e* + 3Zu'\EO)*. / 

'I'riethyllc Zinc- Bormuthyl. Ethylate, 

boratfl. mstbyl. of 

Her© the methyl evidently goes to the boron and the oxygen to the zinc ; whereasjf, 
J^upposed by KekuW [Lkrbuch, p. 489), the action consisted in a simple deoxidatitm 
u l>oric ether, the products would be methylate of zinc, ZnMeO, and borethyl, 
Hh*: heuce it may be inferred Uiat the decomposition of boric ether by rihe-ethylis 
hkewise, not a mere deoxidation of the former, but a process of substotution. U 
®*ust be observed, however, that tlie interchange which takes place in the wtnatfon of 
the is not that of methyl for oxygen, but of methyl for peiwxido of 

*ihyb KO, the reaction being most clearly represented in the form ; 

2B(EO)* + 3Zn"Me» • 2BM[e* + 3Zn''(EO)*. 



iiif<«eoTer, Prankland find« that zinc-ethyl hu no ackon whatorer on hone 
dride at any temperature to which a mixture of the two may he expoeed, 
wdoed be due to the insolubDity of the boric anhydride in the zinc-cthvl • but^ 
silflo indicate that the association of an alcohol-radicle with the boron* is JT 
condition of the reaction. ^ 

BTBTXif BBOntXBB OP. C*H*Br. liydrobromic or Bromhydnc Ether 
rullas, Ann. Ch. Phys. xxxiv. 99.— L6wig» Ann. Ch. Pharm. iil 291.) 
by Serullns in 1827. Produced by the action of bromine, liydrobromic acid or b 
mide of phosphorus, on alcohol. ’ 

Preparation. — 1. One part of pliosi^horus and 40 pts. of alcohol of 38® Bm. are intisw 
dttced into a tubulated retort, aud 7 to 8 pts. of bromine gradually added, whereuTK) 
the mixture becomes luiated and liydrobromic and phosphorous acids are produe^*^ 
the tubulus is then closed, the mixture distilled at a gentle heat^ the distillate coh 
lected in a cooled receiver, aud the hydrobromic other separated from it by water to 
which, if the distillate contains acid, a small quantity of potash is added (Serullasl 
--2. Absolute alcohol gradually mixed in a distillatory apparatus with a treble quau. 
tity of bromine and heated from without towards the end of the process, yields a dia. 
tillate consisting of two layers. The lower reddish stratum, which consists of bromide 
of ethyl, a small quantity of bromide of carbon (CTir*), and free bromine, is fi-Hnl fnjm 
the latter by agitation w'ith dilute potash till it loses its colour, and then from bi-omido 
of carbon by distillation (Ldwig). — 3. According to Po Vrij, it is easily prepared W 
distilling 4 pts. pulverised bromide of potassium with 5 pts. of a mixture of 2 pti 
strong sulphuric acid and 1 pt. alcohol of 90 per cent. 

Properties. — Transparent and colourless liquid, heavier than water (So rullas). 
l^cifio gi’avity 1-40 (Lciwig); 1-4733 at 0® (Pierre). Vapour-density =: 3*754 
(K. March and, J. pr. Chem. 188). Very voLilile. Boiling point 40-7 C., when the 
barometer stands at 757 mm. (Pierre). Has a strong ethereal odour and a jmngrnt 
taste (Scrullas). According to Lowig, its taste is strongly and disagreeably sweet i.^sh, 
with a somewhat burning after-taste. The vapour, when inhaled, exerts an aiuesthctic 
action, like chloroform (Eobin, Compt. rend, xxxii. 649). It is sparingly soluble in 
water, but mixes in all proportions with alcohol and ether. 

Vecoviposttions. — 1. Vapour of hyilrobromic ether passed through a glass tube at a 
low red heat is resolved into ethylene and hydrobromic acid gas ; if the tube be more 
strongly ignited, charcoal is deposited (Ldwig).— 2. It burns with difficulty, but with 
a beautiful green flame which does not smoke, a strong odotir of hydrobromic acid 
being at the same time evolved (Ldwig). — 3. It is not decomposed by nitric acid, oil 
of vitriol, or potassium (Ldwig). — 4. With amimnia, it yields hydrobroiuatc of 
ethylamine : 

NH* + C*H»Br = OTPN.HBr. 

Similarly with ethylamine, it fdrms hydrobromate of diethylamine ; and with the latter 
hydrobromato of tri(;thylainine. "VVith phenylamine, it yields hydro- 

bromato of ethyl-phenylamiuo, C*H*'N.IlBr (Hofmann). — 6. With alcoholic potash- 
solution it forms bromide of potas.sium and oxide of etliyl : 

C"H\K.O + C*H"Br « KBr + (C*H®)*0. 

T[Bert helot, Ann. Ch. Phanii. xcii. 351.) 

BTBTB, CBX.OBIBS OF. C*H»C1. Chlorhydric on Hydrochloric Ether, Light 

Muriatic Ether, (Kobiquet and Colin, Ann. Ch. Phys. [2] i. 343. — Regnault, 
f5fd Ixxi. 366. — ^Kuhlmann, Ann, Ch. Pharm. xxxiii. 108.— Ldwig, Pogg. Ann, 
xlv. 346. — Gm. viii. 367. — Gerh. ii. 308.) — This compound in an impure state waa 
knomn to many of the older chemists, especially Eouelle ; its composition was fiwt 
correctly ascertained by Eobiquet and Colin. 

Ghlorideof ethyl is easily formed from alcohol and hydrochloric acid : C^H*0 + HCl- 
C*H*C1 •f H*0; also by distilling alcohol with various chlorides, e.g. chlorid^* 
alunidnium, antimonic chloride, ferric chloride, pentachloride of phosphorus, dichlowe 
of platinum, chloride of sulphur, stannic chloride, chloride of zinc, &c., its formation, 
esj^ecially by the action of metallic chlorides, being usually accompanied by that w 
oxide of ethyl (see Alcohoi., i. 77). It is likewise produced by the action of chlorine 
on iodide of ethyl, by that of hydrochloric acid on acetate of ethyb and, according t® 
Berthelot, by heating oxide of ethyl with hydrochloric acid in sealed tubw. , , , 

Preparation, — 1. Absolute, or at least very strong alcohol, is saturated with hyw 
chloric acid gas, the l^ilid distilled in the water-bath, and the di^Uate WBed W 
into a bottle containing water, and immersed in water at 20® -^26® 0., tii^ 
jecei surrounded witn ice. The product is washed either with pure or with sauf** 
^Mter to remove free alcohol, and then rectified over magnesia. 
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. .j of ethyl may alao be prepared by distilling a mixture of 6 pts. alcohol^' 

' Bulpbunc acid, and 12 pts. common salt, or by distilling alcohol with the^ 


n bismuth, antimony, arsenic, or iron. 

.. 1 <• • VI 



1 K 1 is allowed to flow upon it in quantities of a few drops at a time, care being 
“ V each quantity has reacted before more is added. The mixture of hydir 
m'’ ■ ^id ffufl and chloride of ethyl vapour thus formed is passed, first through 



j Grille of calcium ; and lastly, into a receiver cooled by a mixture of ice and salt. 
>11 the parts of the apparatus, between tlie generating flask and the receiver, should 
Ik* kept at a temperature of 25^^ or 30 ' C., to prevent the condensation of the chloride 

Chloride of ethyl is a thin colourless liquid, of specific gravity 0*920 at 
0° C (Pier re). It boils at 1 1*^ C., and does not solidify at - 29"^. Its vapour-density, 
a;i determined by Thenard, is 2-219 ; by calculation for a condensation to 2 vol. it is 2-236 


( 


2.12 f 5 . 1 + 35-5 


0-0693^ . It has a pungent ethereaUMlour and a sweetish 


, .mafic taste, with somewliat alliaceous after-taste. It is very inflammable, and 
i iiniswith a green-t*Klged flame, evolving hydrochloric acid. 

Chloride of ethyl dissolves sparingly in watcTt but mixes in all proportions with al~ 
c.hol and (thr. It dissolves sulphur, phosphorus, fats, volatile oils, many resins and 
cUonring imiters. It unites with several metallic chlorides. 

Pnitt 'ichhtTkk of antimony absorbs tlie vapour of clilori<le of ethyl, with evolution of 
In at. and forms a colourless li(iuid,.w'hich fumes in the air, and in a dry atmosphere 
.w..l!dili(s to a crystalline mass; this, however, gradually becomes liquid and brown, 
jiiid >lo\vly deposits crystals of trichloride of antimony, whereupon water throws 
diiwa a brown oil from the brown mother-liquid (Kuhlmann). Stannic ehhride 
likewise yi(dds, with evolution of heat, a liquid which fumes in the air, and when set 
aside over lime under a bell jar containing air, effloresces on the edge of the basin in 
plumose vegetations. Water decomposes the compound, separating part of the ether 
in tlie nn lecoinposi'd state, and if the compound is not recently prepared, precipitat- 
ing a white substance, probably stannic oxide (Kuhlmann). Sesquicnlori^ of 
iron in dry air forms with chloride of ethyl a compound which crystallises indistinctly, 
an<l from which water throws down a large quantity of ferric oxide and separates hy- 
dro»ldoric ether. (Kuhlmann, Ann. Ch. Pliarm. xxxiii. 108.) 

C'liloride of ethyl is used in medicine for the same purposes as common ether ; it has 
Viri*n recommended in catarrhal affections. As its great volatility would interfere willi 
its a[)plic:ition, it is usually mixed wit h an equal weight of alcohol, the mixture consti- 
tuting the alcoholised muriatic ether of the pharmacopceias. 

Drvmjwsitions. 1. By heat . — Cliloride of ethyl passed through a red-hot porcelain 
tul«c is rt'solved into ethylene and hydrochloric acid; at a stronger heat, car^n is so- 
I'lirutcd, and marsh-gas and hydrogen are obtained as well as hydrochloric acid. — 
2. Cold nitric acid of specific gravity 1*3 exerts no action on chloride of ethyl ; but 
VFhf*n the vapour of that compound is passed through the boiling acid, hydrochloric 
scidis evolved, together with a small quantity of nitrous ether (Th6nard, Boullay). 
~-3. Sulphuric anhydride absorbs the vapour of hydrochloric ether abundantly, and 
©inverts it into a liquid, which fumes in the air, boils at ISO*^ C., and passes over 
partly un decomposed, whilst the residue turns brown and gives off sulphurous abid " 
(Kuhlmann, loc, cit,). The compound thus formed is SO".C*II*Cl, and may be 

regarded as chlorethylosulphuric acid that is, as sulphuric acid 

(SO*)" I in which 1 at HO is replaced by peroxide of ethyl and the other by 

cMorino (R. Williamson, Chem. Soc. Qu. J. x. 100). Strong: sulphuric acid likewise* 
absorbs vapour of chloride of ethyl, but does not aft-erwards yield an oil on addition of 
^uter(Kuhlmann). It does not exert any decomposing action at medium temperatures, 
but when the vapour of hydrochloric ether is passed through it at a high temperatura, 
hydrochloric acid gas is evolved (T h 6 n ar d), together with ethylene gas, and ultimately 
with sulphurous anhydride (Boullay).— 4. In an aqueous solution of nitrate of 
chloride of ethyl, whether m the gaseous or liquid state, forms no precipitate at 
a very slight one after an hour, and even in three months but a small quantity of 
•‘I'l'irule of silver (Th 6nard, Boullay) ; according to Thenard, it acts in a precisgy; 
manner on mercurous nitrak, hut. according to Boullay, it imoicdiutely tluvu^ 
"oi. IL MM 
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a larg© ^oantitj of calomel from a aolution of that aalt ChloridA of *i 
T^idly precipitated when hydrochloric ether is heated to 100® C in r 14^ “ 
■with aqueo^ solution of nitrate of silver (0. C. Foster).— 5. 
tlie Muedus solution of ammonia act but venr slowly at ordinary 
chloride of ethyl, either in the gaseous or liquid state, taking ud a smRlf^ 
chlorine from it (Th 6 n ard). A mixture of 1 vol. chloride ^ ethyl vapour 
ammoniacal heated over the flame of a spirit-lamp, soon diminish^ in 1 
deporits a lai?ge quantity of sal-ammoniac, and, after being heated for som^r 
leaves a mixture of ammoniacal and ethylene gas (Dumas and Stas Ann 
Ixxiii. 154 ): C*H^C1 + NH* - + NH^l. Chloride of ethyl acrjiowi; 

ethereal solution of ammonia. When the mixture is allowed to stand in ston ^ ^*1 
bottles exposed to sunlight at the beginning of the reaction, fino crystals of 
chlorate of cthylamino are deposited (Stas, Kekuli'a Lehrbuch, i. 465 ) Chlorid^i 
ethyl, mixed with three times its volume of alcohol saturated with ammoni i-cas L' i 
heated to 100° C. for six or seven hours in a sealed tube, yields a larue QuantiK i 
chloride of ethylammonium rN.H*.C*H*).CI, together with small quantities of^thl 
chlorides of diethvl- and tetrothyl-ammonium (Groves, Chem. Soc. Qu. J. xiii. 33n_! 
6. Aqueous potash at ordinj^ temperatures takes but a small quantity of chlonn • 
from chloride of ethyl, oven in the course of three months (Th6n ard). According tu 
Boullay, the vapour of hydrochloric ether passed through a bent "tube into potasii-jj v 
heated in a tubulated retort, is almost wholly decomposed, chloride of poUissium beiir 
formed and alcohol having the taste and smell of rum distilling over : “ 


cnm + KHO - c»n«o + kci. 

A saturated o/coAo/id of potash decomposes hydrochloric ether, between I P 

and 26 ® C., more rapidly than aqueous potash, beginning, in fact, to dei)osit cLloride 
of potassium after the lapse of twenty-four hours ; but the decomposition is not com- 
plete even in a week (Th 4 nard). A mixture of alcoholic potash and hydroehloric ether 
inclosed in a strong glass tube and heated to 100® C. deposits chloride ofpoUsaium 
and forms a liquid containing common ether (Balard, Anu. Chiin. Phys. [3] xii. :iU2!. 
W'hen vapour of chloride of ethyl is passed through a tube in which a mixture of linu* im\ 
hydrate of potassium is gently hoatod, chloride of potassium is obtained, together with 
very pure ethylene gas (Dumas and Stas).— 7 . Vapour of chloride of ethyl passed into 
a heated alcoholic solution of ^otosulphide of potassium^ is cou verted into sulphide of 
ethyl ; similarly, with an alccmolic solution of sulphide of hydrogen and potiuisiuni, it 
forms mercaptan (Kegnault): 

2C»H»a + K*S = (C*H»)»S + 2 KC 1 ; and C*H»C 1 + KHS - (PH«S + KCL 


CL Potassium acts rapidly on chloride of ethyl, producing an evolution of heat, whert hy 
part of the ether is volatilised, with ebullition. If the potassium be freed by rejn^jittnl 
pressure ^m the crust which forms upon it, the whole of it is ultimately couverhd 
into a white powder. This powder, when subjected to dry distJllation, gives off com- 
bustible gases and leaves a carbonaceous residue, which immediately burns away oh 
exposure to the air. It dissolves in water, with evolution of hydrogen, forming a 
li(]^aid which contains a large quantity of chloride of potassium ; ether shaken up with 
this liquid dissolves out an oil which remains behind when the ether is evaporated in 
^Tacuo, but likewise evaporates itself when left for some time in the vacuum. This 
oU has a peculiar odour, a soapy and somewhat burning taste, and bums with a bright 
fliune. The white powder contains carbon and hydrogen in the proportion of 82'70 
pts. to 17*21 pts. ; therefore in the proportion of ethyl, C* 1 I*. Hence the white 
powder appears to be a compound of chloride and ethylide of potassium, KC*H*, and 
tho oil is ^rhaps a hydrate of ethyl. (Ldwig, Pogg. Ann. xlv. 346 .) 


Ghlobinatbd Derivativss of CuLoiiiDB OP Ethyl. 

Ohlorine does not act on chloride of ethyl in the dark, and but slowly in diffuse 
daylight ,* but in sunshine the action is very rapid, the liquid sometimes taking 
and ^positing charcoal. If the action be set up in direct sunshine, then continued in 
diflhsea daylight, and Anally completed in sunshine, the following substitution-produeta 
are formed, with evolution of hydrochloric acid : 

Monodilorinated Chloride of Ethyl , . C’lI^Cl* « 0*(HH)1 ).C1 

Dichlorinated „ „ . • . C^H*G1» - C»(H*CI*).C1 

^Trichlorinated „ „ . . . C*H*Cl* «> C»(H*CI*).C1 

. Tetrachlorinated „ C«HC 1 * • G^H Cl*).Cl 

Perchlorioated „ „ . . • CGI* ta C'CF.CL 

Tho last of these products is identical with trichloride of carbon (i. 7M) ; the flrtfj* 
iMmerie with dichloride of ethylene; the second, and those which follow it, wi^^hl®^ 
and its derivatives. (Begn aul t, Ann. Ch. Phys. [2] Ixxi ^ 66 .) 
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Monochlorinated Chloride of Ethyl, « (^|^j*|.CL--Iflom©nc with 

*u ip of ethylene; sometimes called 

dichJoriu foj. fho preparation of this compound is similar to that which 

preparation of chloride of ethylene (gf. v.). Chloride of ethyl, evolved bv 
a a mixture of equal volumes of alcohol and fuming hydrochloric acid, 
^*^**^*^ through three wash-bottlos, the first containing water, the second ^phurio 
y passed water, to free it hydrochloric acid and alcohol, and then into 

1 fflobe which is connected on its opposite side with another flask in which 
18 evolved. The globe has at the bottom a narrow nock fitted into the cork 
^ w*idc-mouthed bottle, which is further connected by a bent tube with another 
Mde standing in a vessel of cold water, this second bottle being also provided with an 
. - e-tube for the hydrochloric acid gas evolved. The chlorine and hydrochloric 
tT-r meeting in the glass globe are at first exposed to the rays of the sun conceu- 
t t ‘d on the vessel by a lens or mirror ; but when the action has thus been set up^ 
the vessel is placed in the shade, and the action loft to go on by itself, care being taken 
to keep up a ^od stream of the vapour of cblorido of ethyl, so as to prevent, as far aa 
nossille, the formation of the more highly chlorinated products. The monochlorinated 
Groc-ldoric ether tlius produced, condenses, partly in the globe, partly in the wide- 
nioutlicd bottles. It is purified by shaking it up several times with water, then dis- 
tilling over the water-bath, and finally rectifying over quicklime, the first (^ps of the 
distillate, which contain unaltered chloride of ethyl, being nyected, and likewise the 
hwt fourth, which generally contains the more highly chl(*rinated products. 

Monochlorinated chloride of ethyl is a transparent, colourless, very thin liquid, of 
i.ix‘cific gravity 1*174 at 17® C. Boils at 64®. Vapour-density, by experiment 3*478, 
]»v calculation (2 vol.) 3-42. It is insoluble in water, but miscible in all proportions with 
tikohoUvi^ ether. Smells like Butch liquid, and has a sweet, fiery taste. (Regnault) 
When distilled with alcoholic yotash, it passes over for the most part imalter^; but 
the residue contains a small quantity of chloride of potassium, and on addition of 
vatcr deposits a brown sticky resin, pi*obably resin of aldehyde. — It may be distilled 
ujjdccomposed in contact with potaasmm, the metal retaining its lustre. (Kegnault.) 

Monochlorinated hydrochloric ether is distinguished from Buteh liquid, which ia 
isomeric witli it, by its smaller specific gravity, lower boiling point, and difficult de- 
coiiiposibility by potash. 

Pn-paratiofi of the more highly chlorinated —These are obtained by the 

action of chlorine on the compound just described. In diffused daylight chlorine does 
not exert any perceptible decomposing action on the monochlorinated chloride, 
hut disMolvos in it abundantly, imparting to the liquid an intense yellow colour. 
If the li(]uid thus saturated bo exposed to sunsliine, a vopr violent action is set up, 
torrents of hydrochloric acid being evolved, and tlie liquid often tlirown out of the 

On pouring a small quantity of the monocldorinated chloride into , a large bottle 
filled with chlorine, and exposing it to sunshine, crystals of the perchlorinatcd com- 
pound, C*C1« are obtained after a while. The preparation of the interm^ate pro- 
ducts is somewhat difficult, but may be effected by operating as follows with a large 
quantity of material : 

fiOO or 700 grammes of the monochlorinated chloride are placed in a large testrtube 
and covered with a layer of water. A stream of chlorine is then passed to the bottom 
of the tube, which is connected with a cooled receiver, and placed at first in the shade, 
BO that the chlorine may saturate the liquid without decomposing it. The vessel is 
afterwards placed in a stronger light, or even in sunshine, and after the action hM 
gone on for about two days, the liquid is distilled, and the first half of the distillate is 
Hgain subjected for a while to the action of chlorine, then united with the second half, 
•ind the whole distilled in a retort fitted with a thermometer, the first and last fourths 
of the distillate being set aside, and the medium portion, which ought to boil at a 
tolerably constant temperature^ being collected apart. By further ftactionating this 
medium product into several parts, products of constant boiling point and composition 
^ill at length be obtained in a stale of purity. The other fractions, which do not 
ejuiibit constant boiling points, may be used for the preparation of the more highly 
^"jorinated products, for which purpose ttiey are returned to the test-tube, to be again 
wbjnittcd to the action of chlorine, the least chlorinated being treated first. 

. The liquid, which condenses in the cooled receiver during the action of the chorine, 
^ for the preparation of the perehlorinated compound, C*C1*. 

The lower products are obtained with tolerable facility ; but tho preparation of those 
^hich contain the larger proportions of chlorine is much more difficulty because the 
<l^ntity of liquid subjected to the action of the chlorine diminishea eonsiderablj 
the operation, whereby the difficulty of separating the products by distillation 

M X 2 
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18 inermed. It is necowaiy to analyse the i)roducte fipom time to time, so u to 
sure that the required degree of chlorination is not exceeded. > u> 

Diehlorinated Chloride of Ethyl, C*H*C1* — 

chloride (f innyl. Specific grimty 1*372 at 0®C. Boiling point 76®. Vapoar^den > 
4'530. Its odour resembles that of Dutch liquid. It is scarcely altered by an ^ 
holic solution of potash, even at the boiling heat ; but after the treatment hag W 
repeated several times, cliloride and acetate of potassium are produced: 

Cm^Cl^ + 4KHO = 3KC1 + C*H»KO* + 2H^O. 

It is not decomposed by alcoholic sulphydrate of potassium. 

Trichlorinated Chloride of Ethyl, C»H*C1* = RcsemHos the 

two preceding products in external characters. Specific gravity 1*530 at 17^ r 
Boiling point 102 ®. Vapour-density 5*799. Heated with alcoholic potash, it xneMii 
a certain quantity of chloride of potassium. Not attacked by sulphydrate of 
potassium. 

Tetrachlorinated Chloride of Ethyl, C*HC1* « — difficult to ob- 

tain pure. A product not quite pure hada specific gravity of 1 *644. Boiling point 116 ' (\ 
Vapour-density *= 6*975. It is more easily attacked than the preceding prod (irts I v 
alcoholic potash, heat being evolved and chloride of potassium deposited; the diHtill.il 
liquor diluted with water deposits an oily substance. Potassium does not act upon th.* 
tt^trachlorinated compound in the cold, but on applying heat, a violent explosion takes 
place and carbon is deposited. 

Ver chlorinated Chloride of Ethyl, C^Cl* =* C*CP.CL — Identical with tri- 
chloride of carbon (i. 766). 

Heavy Hydrochloric Ether, the product obtained by passing chlorine into al- 
cohol, not long enough to convert it into chloral, and washing the product with wat< t 
and potash, or by saturating alcohol with hydrochloric acid gas and distilling with pep- 
oxide of manganese, or by passing chlorine into ether and precipitating with wat^ r,— 
is a mixture of several products, viz. acetate of ethyl, aldehyde, chloral, chloride of 
ethyl, and perhaps also chloride of ethylene. (Gm. viii. 273.) 

BTHTIip CB&01t0PXiikTZXril,TXl OF. See Etuyusne-chloriub of Platini s 

aTBT&* OBXiOltOSVXiPBATB OF, or ChlorethyUutphuric Acid. .Sec 
p. 629 ; also Sui.fhubio Etheus. 

BTBT&, CTBBTXBB OF. C»H*N ^ C*n».Cy.— The preparation and most of 
the reactions of this compound are described under Ctanides (p. 211). We have liorfl 
to speak of the products of its decomposition by chloHne, us described by 11. Otto. 
(Ann. Ch. Pharm. cxvL 196.) 

When dry chlorine gas is passed into cyanide of ethyl in a vessel exposed to diffusotl 
daylight, a large quantity of hydrochloric acid is evolved, and at the end of tlie reac- 
tion, which requires at last to be assisted by heat, the viscid liquid, if oxtKjscd to the 
temperature of a freezing mixture, deposits a ciystalline substance (a), hairing the 
composition C*H*®CPNH)". This substance is soluble in water, alcohol, and ether, 
melts at 110*6® 0., and solidifies to a radio-crystalline mass at 86®. Tlio aqueous solu- 
tion is neutral, is not precipitated by nitrate of silver, and when boiled with potash 
gives off a large quantity of ammonia and leaves chloride of potassium. ^ , 

The liquid separated from this crystaUino substance (a) yields by distillation a liqum 
distillate (6) and a brown residue (c), which solidifies to a crystalline mtiss on cooling. 
The distillate, after repeated rectification, boils with slight decomposition 1®* 
107® Cm and exhibits the compositioa of cyanide of dichlorethyl, C*H*C1N- 
C*H*Cl*.Cy. Specific gravity** 1*431 at 16® C. Vapour-density, by expwinicnt » 
4*26 ; by calculation ** 4*29. It is colourless, in.soluble in water, miscible in wl 
portions with alcohol and ether. When kefit in loosely stoppered vessels, it decom- 
poses with abundant formation of hydrochloric acid ,* and when heated with potash w 
baryta, gives off ammonia and yiew chloride of potassium or barium, together with 
the salt of a non-volatile acid. . 

The crystals which sei^ate from the residue (c) likewise exhibit, alter recrystaUiwb®® 
from alcohol, the composition of cyanide of dichlorethyl. They have sometimes we wrm 
of scales, sometimes that of large tables or prisms ; they are colourless and inodoroiw, 
melt at 74*6® C., sublime with difficulty, and with partial decomposition, 
soluble in water, dissolve at 26® C. in 7*17 pts. of anhydrous alcohol and in 0*77 P** 
etlier. With alkalis they behave like the isomeric liquid compound. 
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Tt rXITOBXBB OTm Hydroflmric or Fluorhydric Ether. C*H*F(?)— . 
distilling a mixture of fluor-spar, sulphuric acid, and alcohol, or by pass- 
*^lrv hydrofluoric acid ga« into absolute alcohol contained in a leaden or platinum 
‘ fgurrounded with ico and salt On distilling off* about one-fourth of the satu- 
licjuid, and mixing the distillate with water, a light ethereal liquid rises to the 
which appears to be fluoride of ethyl It is very volatile, colourless, has a 
[iar odour, like that of horse-radish, and burns with a bluish flame, giving off 
P*^'“urs of hydrofluoric acid. It cannot be preserved in glass vessels, at least not in 
with water, being then decomposed, with formation of alcohol and silicofluorido 
Ttoiassiura. It has not been obtained sufficiently pure for exact analysis. (R e i ns c h, 
J. pr. Chem. xix. 614.) 

2 TBTX«i BTDSATB or. See Alcohol (i. 72). 

STBT^ HTBBXBB OF- Ethylide of Hydrogen, C*H* « C*H*II. — This 
compounil, which is isomeric with methyl, was originally obtained by Frankland 
and Kolbe in 1848 (Chem. Soc. Qu. J. i. 60) by the action of potassium on cyanide 
of ethyl, and was at that time regaled ^ methyl. Afterwards, in 1850 (Chem. Soc. 
Qii. J. iii. Frankland obtained it by the action of water on zinc-ethyl, and 
showMl that it is distinct from the true methyl (discovered by Kolbe in 1849), which 
ii obtained by the electrolysis of acetic acid, and by the action of zinc on iodide of 


m<*fh)l. 

Hydride of ethyl is produced : 


1. By the resolution of a molecule of ethyl : 


C*H'« - C*II‘ + C^IP.TI. 

Ethyl. Ethylene. Hy.lridc of 

ethyl. 

Tills docoTii position takes place when iodide of ethyl is heated with zinc in a sealed 
tiibo, also when it is decomposed by light in presence of mercury (p. 525). — 2. When 
iodide of ethyl is decomposed by zinc in presence of water or of alcohol : 


2C*IPI + Zn* + H*0 = 2(C*IP.n) + Zn»I*0. 

Tho fonriation of hydride of ethyl by the action of potassium on cyanide of ethyl (not 
ijuite dr}’), as above mentioned, was probably due to both these modes of aecom- 

Pn pa ration , — Wlicn equal parts of water and iodide of ethyl are heated with zinc in 
asiMlcd and exhuusted glass tube, in the manner described on page 521, decomposition 
t lb s ]ihiL'c at a lower temperature than when zinc is heated with iodide of ethyl alone ; 
t!ir- tlc(‘(>inpo.sition is complete in about two hours. The liquid portion of the contents 
f!io tuhe is thick, and solidifies on cooling to a white amorjihous mass. On opening 
t!.«‘ tube under w'ater containing sulphide of potassium, a large quantity of gas escapes, 
wliich, l)y combustion with oxygen, is found to have the composition of hydride of 
fdiyl, 

Tin's giis is colourless, nearly insoluble in water ^ but soluble in af coholy which at 
and under a pressure of 665*6 mm., dissolves 1*22 of its own volume of it. 
(•"'l l* Gases, Ahsohption of.) Specific gravity, by observation 1'076 ; by calculation for 
a lotnlcnsatiou to 2 voL it is 1-039. It has at first a faint ethereal smell, but becomes 
quite inodorous after being treated with alcohol and fuming sulphuric acid. It does 
not liquefy at —18° C., or even under a pressure of 20 atmospheres at + 3°. Ckle^ine 
tWs not act upon it in the dark ; but on exposing the mixture to diffused daylight, 
tlio colour of tno chlorine disappears altogether. 2 vol. chlorine with 1 vob hydride of 
ethvl yield 2 voL hydrochloric acid, together with an oily liquid having the same com- 
fosition per cent, as Dutch liquid. This reaction distinguishes hydride of ethyl from 
methyl: for when 1 vol. of the latter is mixed with 2 vol. chlorine, the products are 
2 vol. hydrochloric acid and 1 voL of a g(U having the composition CH*CL 
STBTXi, ZOBXBB OF. C*H*I. Hydriodic or lodhydric Ethir, (Gay-Lussac 
Ann. Chim. xci. 89.- Serullas, Ann. Clu Phys. [2] xxv. 323; adii. 119. — 
KKopp, J. Pharm. [3] vi. 109.— R. Marchand, J. pr. Chem. xxxiii. 186. — Frank- 
b»nd, Chem, Soc. Qu. J. ii. 263; iii. 322. — Gm. viii. 359.) — This compound is pro- 
duc^; 1 , By distilling absolute alcohol with hvdriodic acid containing free iodine.— 
2. By the action of iodine and phosphorus on alcohol : 

5(C*II» H.O) + !• + P = 6C*H»I + PH»0* + H*0. 

phosphoric acid, at the moment of its production, acts on a sixth molecule of al- 
in such a manner as to form ethyl- phosphoric acid, C'‘‘H*.H^.PO*. 

^^ration, — The second reaction is almost invariably used for the preparation of 
of ethyl. The iodine and phosphonis are either added to the alcohol in altcr- 
small portions, or the alcohol is poured upon the whole of one of these substanciii 
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and {he otber 18 dusn added by small portions. Franklaad Man SA n» 
alcohol on 7pt8. phoaphoms in a vessel surrounded with ice-ooldmtec* rtiS?" 5 j **• 
dually 32 pto. ol iodine; deeants the liquid from the undissolved Dort’mn ^ 

It over the water-bath ; washes the distillate, and mixes it with m<»e iodinifl-ii' 
hibits a faint colour ; then dries it over chloride of calcium ; and reetifiM it 
over a mixture of chloride of calcium, mercury, and oxide of lead to itT*'*^’ 
remaining water, and from iodine and hydriodic acid. Laut’emanW ta 
Phann. cxiii. 241) proceeds in a similar manner, pouring 10 nta 
cent, alcohol on an equal weiglit of iodine, and very gradually adding 1 
phorus. Hofmann (Chem. Soc. Qu. J. xiii. 69), to avoid the explosive f^tion wh't 
^kes place even when tlio pliosphorus is very gradually added to the mLrJwn 
iodine and alcohol, occasioning loss of material, and sometimes dangerous comb^n 
introduces the phosphorus, together with about one-fourth of the alcohol to iT,, !5’ 
into a retort connected with an efficient cooler, and having inserted into its tuK 
glass globe provided with tube nnd stojx-ock. The rest of the alcohol is then mZv\ 
u^n the lodmo, and the solution thus obtain^ is poured into the class E 
the retort w heated by a sand- or watcr-bath tiU the phosphorus melts- ati 
the alcoholic solution of iodine is then suffered to flow gradually into it 
of cth;yl IS thus produced and di.stils over, together with alcohol. The rMt nf ii ! 
iodine IS then dissolved in the distillate, in which it dissolves much more freelv tl • n 
in pure alcohol, ami the concentrated solution of iodine thus obtained is poured baok 
into the retort, where it is immediately converted into iodide of ethyl. In nrernriim 
largo qiiantitics of iodide of ethyl by this method, it is found more advantLe^s to 
pour the whole of the alcohol at once on the phosphorus in tlie retort thenclissoke 
the iodine in previously prepared iodide of ethyl, in which it is extremely soluble and 
allow this solution txi flow gradually from the globe into the retort Good proportions 
are 1000 gnus, io^ne, 700 grms. alcohol of specifle gravity 0-84, and 60 grTn^plnw. 
phorus. The iodide of ethyl distils over at once perfectly colourless, and requires 
only to bo washed with water to free it from traces of alcohol The product amounts 
to 96 or 98 per cent, of the theoretical quantity. It is remarkable that none of the 
proportions of the materials recomraeudod for the actual preparation agree with tlio.se 
required by the equation above given, the theoretical quantities being about 8 pts. 
alcohol to 20 pts. iodine and 1 pt. phosphorus. In Hofmann’s process, the quantity oi 
phosphorus used is only of the alcohol 

Vrij (J. Pharm. [3] xxxi. 169) dispenses with the use of phosphorus alto- 
gether; he saturates absolute alcohol with hydrochloric acid gas in a vessel sur- 
rounded '^th a freezing mixture ; then, having determined the proportion of hydo^- 
chlonc acid in the liquid, adds this liquid to pulverised iodide of potassium contuinod 
in a tubulated retort^ in quantity just sufficient to convert the whole of the iodide 
into chloride of potassium. The liquid containing the iodide of ethyl thus uroducevl 
IS distilled off next day, then washed and rectified. (See Audkitda, p. 967.)‘ 

Profperties . — Iodide of ethyl is a colourless liquid, having a strong, peculiar ethereal 
odour. Specific gravity 1-9206 at C. (Gay-Lussac), 1*97546 at 0° (Piern ). 
1*9464 at 16® (Frankland). It boils at 70® (Pierre), "with the barometer at 7<M 
mm. ; at 72 2® (b rankland), barometer at 746*5 mm. Vapour-density, by experiment 
j-i 5*476 ^ay-Lussac), by calculation (2 vol) 5*405. It is but slightly soluble 
in water, but mixes readily with alcohol and ether. 

Decomposition.— -1. Iodide of ethyl is but slightly inflammable ; when dropped on 
red-hot coals, it gives off violet vapours without taking Are. — 2. When its vaiwur is 
passed through a porcelain tube heated to dull redness, hydrogen, ethylene, and iodide 
of ethylene are obtained, and sometimes iodine is set free (E. Kopp) : 

2C*H*I « C»HH* + cm* + H». 


3. When exposed to light, it turns red or brown, from separation of the iodine nnd 
the^ decompositiDn taking place slowly in diffused daylight., quickly in sunshine- 
If the iodine be romoved by mercury, the compound is at length completely decom- 
posed, yielding, in sunshine, ethyl and iodide of mercury, the former being partly 
resolved into ethylene and hydride of ethyl In diffiised light, the chief product of the 
decomposition is iodide of mercurethyl C*HHIg*I.— 4, Chlorine conv«-ts iodide 
of ethyl into chloride, separating the iocHne if the action is rapid, but forming chloride 
of iodine if it is slower.---5. Strong nitric odd also separates iodine from iodide of 
ethyl Strong sniphuric add blackens it— 6. Aqueous potash acts upon it but slo^J- 
—7* When the vapour is passed over holt soda-Ums, pure ethylene is set fpee,.und iodide 
of sodium is formed (Dumas and Stas) ; 

2C®H®I -I- Na*0 » 2C*H« + 2HaI + H»0. 

UddU decompose iodide of ethyl under the influence of light or heat> widi Tsri^ 
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JrtFreesof &«Kty: geijeMUy yaking, the metal unitea, partly with the iodina, partlr 
the ethyl ; soraetimes, however, the or^no-metallic compound thug (brmed acta 
further on the metallic iodide, or on the undecomposed iodide of ethyl, giving rise to 

“^Jji^^actions with ainc and zinc-ethyl have been already deecribed (pp^ 624, 6Z2), 
Sodim’Cthyl acts in the same manner as zinc-ethyl, without the aid of heat, evolving 
ft pure niixturo of ethylene and hydride of ethyl (Franklan d) : 

C»H»Na + C*H»I - Nal + + C*H« 


Iodide of ethyl enclosed in a sealed tube, with thin strips of tin-foil, and heated to 
IgQv or exposed to the sun’s rays concentrated by a lens or mirror, is partly de- 
composed, yielding ethyl and iodide of tin, while the rest unites with the metal, form- 
ing iodide of stannethyl (C*H*)^Su''l* fFcankland, Chem. Soc. Qu. J. vi. 67). 
Acoording to Cahours (Ann. Ch. Phys. [3] Iviii. 6), iodide of tri stannethyl, 
Sn'\C‘lP)’, is formed at the same time. When an alloy of tin and sodium is used, 
Beveral other stannidos of ethyl are likewise produord (Ld wig, J. pr. Chem. Ixxv. 386; 
Jahresher. f. Chem. 1852, p. 677). Arsenide of sodium or of potassium, heated 
with iodide of ethyl, yields the compounds As{0*H»)», As(C*H»)*, and A8(C’*H»)«I; 
antimony or antimonide of sodium yields stibtriothyl Sb(C=*II*)*. Arsenide of einc 
or arsenide of cadmium, heated with iodide of etliyl in sealed tubes, yields a compound 
ortolido of zinc or cadmium with iodide of tctrethylarsonium, 2A8(C*H‘)U.Zu"r* 
or 2As(C‘li*)*I.Cd"I*. Phosphide of zinc yields a similar compound, containing phos- 
phorus in place of arsenic. Plumhide of sodium yields Pb®(C’'H*)*, together with 
streral other compounds (Lowig) ; bismuthide qf sMum forms BifC*H*)*. 

Aluminium, heate<l with iodide of ethyl, yields a fuming liquid, which boils at 340®- 
C., and exhibits the composition Al*(C*n»)»l» or Ar^I* AP(C*H»)«. This iodide 
dc*coi!ipo8ca explosively in contact with water, forming alumina, hydriodic acid, and 
hvdride of ethyl ; in an atmospliore of chlorine or oxygen it takes fire* Zinc-ethyl 
acts strongly on it, producing iodide of zinc, and a very inflammable liquid, which has 
not been obtained pure, but appears to have the composition of alum ini urn- ethyl, 
A1’(C*IP)''. (Cahours.) 

Similar results have been obbiincd by Hallwachs and Schafarik (Ann. Ch» 
Phann. cxix. 206). 

(iludnum reacts wifli iodide of ethyl like aluminium, and appears to form similaz 
profliicts. (Cahours.) 

Maynrsinm, in the form of filings, acts spontaneously and with rise of temperature 
on iodide of ethyl. If the tube, after cooling, bo sealed, and then heated for some 
h' ursto 120° — 130° C., a white mass is formed which, when distilled, yields magne- 
f>iurn-cthyl mixed with iodide of ethyl. The magnesium-ethyl, separated by 
lactional distillation, is a colourless, alliaceous, spontaneously inflammable liquid, 
vhich decomposes water with violence. (Cahours, loc, cit.', see also Hallwachs 
and Schafarik, loc. cit.) 

Pulverised vanadium acts slowly on iodide of ethyl at 180° C., forming a deep red 
liquid. (Hallwachs and Schafarik.) 

Tile action of mercury on iodide of ethyl has been already described (pp. 624, 626)* 

9. hen pulverised white precipitate (NH’^Hg*)Cl, triturated with water, is heatod 
vith iodide of ethyl for several days at the temperature of the water-bath, no gas is 
evolved, but gold-yellow crystals are formed, consisting of a compound of mercuric 
iodide with ioilide of tetrethylammoni urn and iomde of mercurotetrethyl- 
ammonium ; these ciystals are surrounded by a dark brown liquid containing cora- 
Fjumls of mercuric iodide with the iodides of ethylaramoniura, dicthylammo- 
nium, and triethylaramonium, and on this there floats a nearly colourless aqueous 
solution containing mercuric chloride, sal-ammoniac, and a crystallisable compound of 
*uercuric chloride and chloride ofothylammonium [Hg — 1 00] ; 

SJUPHg’Cl + 14CWI = [N(C«H»VI.N(CH'*Hg)I.7HgI] + [NH(C»m*I.2HgIl 
+ [N.H»(C»H»)*I.HgI] + [NH*(C»H‘)CLHgCl] + NH«C1 + 8HCI. 


Ann. Ch. Pharm. d. 20.) 

16. Iodide of ethyl dissolved in alcohol is decomposed by most sUver-sadts, in the 
manner as the iodides of the alkali-metals, io^de of silver being Mccipitated^ 
the solution containing the ethyl-salt of the add previously united witn the silver, 
similar decomposition takes place, and with greater facility, when a silver-salt i6 
t^ated with diy iodide of ethyl in a sealed tube. This is a very convenient way of 
FJtparing many compound ethers : thus orthophosphate, pyrophosphate, su^hate, 
r U ztdphocyanate of silver, heated in sealed tubes with iodide of ethyl^ 

*^°*Tesponding ethyl-ethers. According to Gdssmann (Ann. Ch. Pharm. cu 
J tungstate of silver and iodide of ethyl, enclosed together in a sealed tube, act upoil 
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e^h other strongly at ordinary temporatures, evolving great heat, forming iodul,«i 
silver and oxide of ethyl, and liberati^ tungstic anhydride. Acco^ng^to U n 
Nason (Ann. Ch. Pharm. civ. 126) iodide of ethyl acts in a precisely simUar man ' 
but with various degrees of facility, on molybdate, arsenite, arsenate^ antimoml' 
stannate, borate, and tellurate of silver. With neutral or acid chroTnaU of • 
yields a small quantity of aldehyde. * 

The cyanides of votaemm and barium, heated with iodide of ethyl in sealed tul 
yield an iodide of the metal and cyanide of ethyl ; cyanide of zinc does not appear T 
act upon it at UO®— 160"^ C. Cyanide of mereurjf and iodide of ethyl deco^>ol 
each other to a slight extent, even when their alcoholic solutions are simply mixed and 
evaporated; in sealed tubes at 120^ C. the decomposition is more complete. The 
metallic sidphocyanatea, heated with iodide of ethyl in sealed tubes to 100° — 16o\ yiidd 
Bulphocyanate of ethyl ; aidphocyanate of mercury produces a more complicat^l 
action, the products of which have not been examined. The acetatea of potmim 
barium, had, mercury, and ailver, heated to 200° C. with iodide of ethyl in sealed tuW 
yield metallic iodide and acetate of ethyl. With the formates, the decomposition U 
Jess easy ; but it is facilitated by the presence of a oertuin quantity of alcohol. The 
oxalates are decomposed in like manner, but the resulting oxalate of ethyl is decom- 
posed at the high temperature of the reaction, yielding onrlxinic oxide and carbonic 
anhydride, which burst the tubes when they are opened, with a loud detonation. 
(Schlagdenhauffen, Ann. Ch. Pharm. evii. 231 ; cx. 266.) 

11. A mixture of 2 pts. iodide of ethyl and 1 pt. disulphide of carbon, shaken up in 
a corked flask with aodium-amal-gam, yields, as principal product, a foetid liquid harin;; 
the composition of trisnlphide of allyl (C*IP)®S* This liquid has a specific 
gravity of 1*012 at 16° C. ; boils at 188° C. ; is insoluble in water; mixes in all propor- 
tions with alcohol, ether, and disulphide of carbon ; is decomposed with violence by 
filming nitric acid, chlorine, bromine, and hypochlorite of calcium ; is not decomposoil 
by sodium, i)otash, alkaline sulphides, or mercuric oxide, but yields with alcoholic 
mercuric chloride, a white precipitate haring the composition 12HgCl. (C’H*)*S*. 

12. Iodide of ethyl, heated with alcoholic ammonia in such a manner that the 
volatilised portions may condense and run back again, yields a mixture of the iodidt s 
of ammonium, and of ethyl-, diethyl-, tricthyl-, and totrethyl-ammonium (Weltaiom 
Ann. Ch. Pharm. Ixxxvi. 202). With trkthylamine it solidifies to a crystalline masn 
of ioilido of tetr<*thylammoniura ; and with triamines in general it forms the iodide of wn 
Ummonium containing ethyl, in addition to the radicles of the triamine. (Hofmann.) 


BTBT&i XrXTBZDBS OX*. See EthtlaicinkS. 

BTSm, OXX9B OF. C‘H“0 = Ether, Bthylie ether. Vinic ether: 

formerly called Sulphuric ether, Vhoaphoric ether, &c., according to the acid used In itn 
preparation. (Gm. viii. 17. — Gerh. ii. 270.— Kekul^, Lehrb, der org, Chemie, p. 100.) 

Valerius Gordius, in 1540, first described the preparation of ether, which lui 
called Oleum vitrioli dvlce. Frobenius, who first called it ether, again directed atten- 
tion to it in 1730. Afterwards the ether prepared by the action of sulphuric acid 
upon alcohol was called sw/pAunc ether; but Valentin Rose (Scher. J. iv. 
showed that it does not contain sulphur. Fourcroy suggested that ether is alcohol 
deprived of a certain portion of oxygen and hydrogen ; a suggestion which was coi\- 
firnied, so far as regards the percentage composition, by the analyses made by Saussurr 
iind by Dumas and BouUay (Ajin. Ch. Phys. xxxvi. 294). — Boullay discovered 
tho prc'paration of ether by phosphoric acid (Ann. Chim. Ixii. 192), and by arsenic 
Hcid ifmU Ixxviii. 284) ; he likewise first practised the preparation of ether by tlie 
continuous process (J. Pharm. i. 97). — ^Deefosses prepared it with fiuoride of boron 
(Ann. Ch. Pnys. [2] xvi. 72) ; Masson with chloride of zinc; Euhlmann with tetra- 
chloride of tin, and other metallic chlorides. The constitution of ether was 
studied by Liebig (Ann. Ch. Pharm. ix. 1 ; xxx. 138). — Malaga ti (Ann. Ch. PnyiJ. 
[2] Ixx. 338 ; [3] xvi. 6), and Re^nault {ibid, [2) Ixxi. 362), investigated the pr^ 
ducts of its decomposition by chlonne. Graham in 1860 (Chem. Soc. Qu. J. }»• 24) 
made some important experiments on the formation of ether by the action of acids nno 
salts on alcohol under pressure; and Williamson in the same and the following 
(Phil. Mag. [3] xxxvii. 360 ; Chem. Soc. Qn. J. iv, 106) established the views of tn<' 
oonstittttiou and formation of ether now uiuversally adopted. LasUy, Beynow m 
1866 pubHflhed an elaborate series of investigations on the etherification of aloonw "I 
iuiids, salts, &c. (Ann. Ch. Phys. [3] xlviii. 386.) , w* 

— 1. By the action of iodide (bromide or chloride) of ethyl on etny 
jH^tassium or sodii^ (Williamson.) 


C*H» 

Na 


!» 


+ C*HH « Nal + 




jo. 



ETHYL, OXIDE OP. SVt 

ij hPAtinc a mixture of alcohol and strong sulphuric acid to a temperature ba- 
140® and 150® C. (about 280® to 300® F.). The formation of ether here taaea 
two stages ; the first consisting in the formation of ethylsulphuric acid and 

Sulphuric Alcohol. Ethyl- 
acid. fulphuric acid. 

1 , mcond m the production of ether, and reproduction of sulphuric acid, by th# 
Imtu il action of cthylsulphuric acid and another molecule of alcohol : 

%\o + „ Hjgo, ^ gffjo 

Tilt' siilplinric acid l>eing thus reproduced in its original state, is ready to otherify 
trt‘di (luaiitities of alcohol, so that, if the supply of alcohol is made continuous, the 
on without interruption. The water formed in the first stage of the reaction 
!lo s not, however, distil over quite so fast as it is formed, and consequently the 
Milpliurit* ac'id becomes continually more dilute, and at last too weak to etherify the 

tIio action of phosphoric and of arsenic acid is similar to that of sulphuric acid. 

Tln^ formation of ether by the action of those and other dehydrating substances was 
fi.rin* rly attributed to the simple abstraction of water, ether being represented by the 
]■ riuula and alcohol by or O^WO.HO ; but the manner in which the 

reaction takes place, and its relation to other reactions in which ethylic ether or 
.,iiiilnj:oviH products are fonned, clearly show that this is not the right view of it. In 
VM first place, daring the whole of the distillation, ether and water go off* together, the 
-luanlity of water thus evolved being nearly equal to the whole of that which, accord- 
in;; t'l the old view of the reaction, should bo separated from the alcohol and taken up 
l/tiu* sulpluirie acid. ethyl-sulphuric acid is always formed on heating 

t-VtlsT alcohol and sulphuric acid; and ethyl-sulphuric acid, heated with alcohol, 
.1 >i's actually give off* ether. Thirdly, if, in the first mode of formation, the ethylate 
of ivt^issiuiu b« mixed with iodide of methyl or amyl instead of iodide of ethyl, tlie 

C*IT*) C*1I* } 1 ^ 

1 ro hu t is an intermediate ether, Q 2 ip{ ^ or 1 0 ; or if, in the second, a stream of 

I'thvlic alcohol be made to flow into a heated mixture of sulphuric acid and amylic 

!il.'.>ln.l,ctliyl-fimylic ether, distils over, and ethyl-sulphuric acid remains in 

!lii* vessel. Those reactions are precisely analogous to those by which oxide of ethyl 

is [>puilnceil, and show that this coinjmund dilfers from the double ethers, | 

f'>r example, only in containing 2 at. ethyl instead of 1 at. ethyl and 1 at amyl. 

tlie vji|>our- densities of alcohol and ether show that a given volume of ether 
ill tlic state of vapour contains twice as much ethyl as the same volume of alcohol- 
vi'p-mr, and theri'fore, according to the general law of vapour- volumes, the molecule 
"ft I her must bo (C*IP)'‘'0, if that of alcohol is C®H*.H.O. Fifthly, if the simple and 
*l-'ul.|e ethers are represented by corresponding (2-volume) formulae, their formul® 
i oij>titiite an ascending series, correstwnding very nearly with their differences of boil- 
ing point; thus : 

Methylic ether 0-11*0 

Muthyl-ethylic ether 0*11*0 
Ethylic ether C*H^»0 

Ml thyl-umylic ether C*H'^0 ' 

Kthyl-tctry lie ether C"IP'0 
Ethyl-amylic other 0'IP‘'0 < 

Tetrylic ether C*H'«0 = 

Amylic ether C'«H**0 ■ 

If the simple ethers are represented by one-volume formulae, and the double ethew 
ky two-Yolnme (brmulae, this gradation no longer exists. ^xtMy, when bromide of 
^thyl is heated with an alcoholic solution of potash, the products fonned are bromide 
p»tassium and ether. Now, if the ether were C*IPO, the reaction must take place 
a^vording to the equation : C^H^Br + XO » C*IPO^ KBr, the alcohol acting moreW 
W « solvent : whereas if ether ia or (C»H‘)*0, the alcohol most take 

n*action, in tho manner shown by the equation : " ^ 

OH*0 > 


cn’.CH’.o 


Boiling point 

. - 21® C. 

cmc»H*o 


. + 11 



. + 34 

CH’C»H"0 


. + 92 



a + 80 

c-'n\c*u".o 


. + 112 

C'H*.C*H».0 


. + 104 

C‘H".C‘H".0 


. + 176 


(PIPBr + 


(fH'Oi 

KO\ 


KBr + 


(PIPO.\ 
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ETHtt, OXIDE Of. 

Vow B er th el ot found (Ann. Ch. Phafm. xcii. 131) tliat 22 gma, of bmm'/i 
ethyl thus treated yielded 12 grma. of ether, the theoretical quantity being 7 
ing to the first supposition, and 16 according to the second. Hence, allo^ne 
avoidable loss in rectifying the product, the result may be taken as a proof thT 
alcohol reacts in the manner shown by the second of the above equation^ and th^ k 
molecule of ether contains 2 at. ethyl. (See the articles Atxxiuol, i. 76 ; and Ch^ ” 
Apfinitt, i. 867.) 

Ether is also produced by the following reactions: — 

8. By the action of iodide (bromide or chloride) of ethyl on dry oxide of silver* 
2C*H'^I + Ag»0 - 2AgI + (C*H»)»0. 

Other ethyl-salts— the nitrate for example — act in a similar manner. 

4, By heating alcohol with bromide or iodide of ethyl to 200® C. (Eeynoso.) 

C^H^Br + H.O « IIBr + (C*H»)»0. 

6. By heating bromide or iodide of ethyl with water to 150®— 200° C. (Frank- 
land, Keynoso). In this case, alcohol is first formed, according to the equation; 

C»IPBr + H-0 - JTBr + C^H-.H.O ; 

and this alcohol, acting on the excess of iodide or bromide of ethyl, forms ether, as 

in 4. 

6. By heating alcohol to 200® — 240° C. with hydrocliloric, hydrobrom ic, or hydri- 
odic acid. Chloride, bromide, or iodide of ethyl is then formed, which acts ui>on the 
remaining alcohol as in 4, converting* it into ether. 

7. The same action is exerted by metallic chlorides, when distilled witli alcohol, nr 
better, when heated with it in sealed tubes, e. g. by chloride of zinc, tetmchlorido f-f 
tin. the chlorides of manganese, cohalt, nickel, and cadmium, ferrous chloride, mcrpuric 
chloride, &c. (Reynoso.) Even chloride of calcium and chloride of Htronriuin 
convert alcohol into ether, when heated with it to 300® C. (Bert he lot, Ann. C'h. 
Pharm. Ixxxiii. 104.) 

The etherifying actions of iodide of mercury (Reynoso), of fluoride of boron, and 
of fluoride of silicium, belong to the same category. 

8. Many sulphates also convert alcohol into ether when healed with it to 200'’— 
230® C., ethylaulphuric acid being first formed, and then producing ether with the 
rest of the alcohol ; etherifleation is thus cflfectcd by the sulpnates of magnesium, zinp, 
and cadmium, by ferrous, cobaltous, and uranic sulphate, also V)y sulphate of aluTninium, 
common alum, ammonia-, iron-, and chrome-alum. (Reynoso.) 

Preparation, — Ether is always prepared by heating a mixture of alcohol and sul- 
phuric acid. The best mode of conducting the operation i.s that iutrodiiced hy 
DouIIay, in which the alcohol is supplied in aconstant slreain and the formation ot'<*tli»T 
goes on uninterruptedly (p. 637). A mixture of 5 pt.s. alcohol of 90%, and 9 jits. sirorm 
sulphuric acid is introduced, after cooling, into a wide-mouthed flask closed with a cork 
having three apertures, through one of which there passes a bent tub€» proceeding fotin 
a reservoir of alcohol, and terminating in a narrow mouth bolow the surface of tin* liquid 
in the flask ; the reservoir is provided 'W'ith a slop -cock to regulate the flow of spirit. 
Through the second aperture is inserted another bent tube, terminating just below the 
cork, and passing to a Liebig’s condenser or a worm-tub connected with a receiver. 
The third aperture is for the insertion of a thermometer. The flask is hente<I in a 
aand-bath, and as soon as it begins to boil, the alcohol from the reservoir is allowed to 
flow in, the stream being regulated so as to keep the temperature of the liquid at about 
140° C. (284^F.) ; Ixjlow this temperature, the distillate consists chiefly of alcohol, and 
at higher temperatures large quantities of olefiant gas are evolved. The process may 
be continued till the quantity of alcohol run in amounts to about six times that which 
was originally mixed with the sulphuric acid, making in all 35 pts, alcohol to 9 pts. 
acid. After this the sulphuric acid becomes too dilute to etherify the alcohol 
tually. The alcohol which remains mixed with the sulphuric acid at the end of the 
process, may be recovered by mixing the liquid with water and distilling. On the lar^ 
scale, a still of cast-iron lined with lead is generally used ; it has, however, the disiw* 
vantfiM of not allowing the course of the operation to be watched. To moderate the 
Ipreat neat evolved on mixing large Quantities of alcohol and sulphuric acid, the 
ui made in a metallic vessel surrounaed with cold water or ice, and the sulphuric acm 
ii poured down the side, so that it may form a layer below the alcohol. Tl^t^® 
Itmds are then slowly mixed by stirring with a wooden spatula, and the mixti^ 
#n^ sufficiently cool, is transferred to the still. The distillation is conducted in tns 
manner above described. 

The first portions of the distillate separate spontaneously info two layers, th« 
OomsMting of ether, mixed with comparatively small quantities of alconol and watcfli 



ethyl; oxide gp. m 

of va ter, containing ether and Hl<»ho} in solution j but towards t1i« lattorpiitt 
jj,o lowe when the sulphuric acid has become weaker, more alcohol passes 

^^hanced, and the separation of the ether no longer tokes place. The distillate 
(»rcr sulphurous acid, acetic acid, and a little oil of wine. To purify it, the 

the distillate is introduced, together with an equal volume of milk of lime, 

" time separating globe, having a descending tube and stopcock like a tap-funnel; 

' xture is frequently agitated, and then left to itself till the ether has risen to the 
"iftcr wlixch the lime-solution is run off by the stopcock, and the ether which 
^ ’ns is rectified over a water-bath. Nearly pure ether, amounting to one-third of 
TT^cnidc ctlier in the retort, then passes over first ; afterwards ether containing al- 
^ liol • then alcohol containing oil of wine ; and lastly water. 

^ The n otified ether still retiiins a little water and alcohol; but it is pure enough for 
lobt piiP[*()ses ; it should, however, be quite free from sulphurous acid, and therefore 
"joul'l not redden litmus paper. 100 pts. alcohol containing 86 pts. by weight of 
alcohol (after deducting that which remains in the flask) yield, in a well con- 
liiiotid i.n>ceHS,59 or 60 pts. by weight of ether, of specific gravity 6-726, or 70% of 
♦lie (ahsolute) alcohol used. If the whole of the alcohol were converted into ether, 
the yield would he 80 per cent. 

Soul»eiran (J. Pharm. [3] xvi. 321) describes an apparatus for the preparation 
of ether r>n the large scale, by which the ether is at once obtained in the rectified 
ftau', file first condensing vessels being kept (as in the more recently invented appa* 
rat us for the distillation of brandy) at a sufficiently high temperature to maintain the 
T.un^ i f her in the state of vapour. He recommends that the temperature of the etheri- 
iviim iiiixtun; be kept constantly at 130°C., because at 140*^ a gaseous hydrocarbon is 
t ‘ nsf.nitly proilucfMl. An apparalu.s for the wjctiflcation of ether has also been de- 
MTiln-dhy 11 oyer (Arch. Pharrn. [2] xiii. 140). 

T!u' oidiiKiry ether, obtained as above, may be completely freed from water and 
nh’Mhol, jiiid converted into absolute ether, either by placing it in contact with 
iiitiips of fux'd chloride of calcium, which takes up the water and alcohol, and separates 
tVoni flic otlifT in the form of a thick heavy liquid, or by agitating it repeatedly with 
1! [<u. of w.iter, separating the upper layer of liquid by a pipette or tap-fonnel, then 
Ituvino it for some time in contact with quick-lime or cldorlde of calcium, and 

Ahsolnt(‘ ether should form a clear mixture in all proportions with oil of co^iba ; 
eth<r contiiiiiing water or alcohol forms an emulsion with considerable quantities of 
the oil. ( IJlanehet, Ann. Ch. Pliarm. vdi. Ie07.) 

Priijtnii'is . — Pure ether is a colourless, transparent, veiy mobile liquid, having a 
pf'ciilliir exliilamting odour and sharp, burning taste, with cooling after-taste. It is 
ptrffM'lly lumlral to vegetable colours ; refracts light strongly. Specific gravity 0*723 
at C, boiling point 36*6° C. (96^ P.) under a pressure of 760 mm Vapour^ 
density 2 58G (Gay-Lussac); by calculation for the formula (C*H*)*0, n>pre8enting 

a coiuh iifijition to 2 volumes, it is 2-564 (= ^ ^ ^ x 0*0693). Cooled 

fo - 310^. it crystallises in white shining laminse. It is very iuftammable, and its 
vapujr, when mixed with air, detonates with great violence on the approach of a 
burning body. As the vapour of ether has a considerable tension at ordinary terope- 
rufniv.*^, and consequently diffuses quickly to a considerable distance, great danger is 
inoiurnHl in poiu*ing the liquid from one vessel to another, in the neighbourhood of a 
pw light or any burning body. The decantation of any considerable quantity of ether 
shouhl always be performed in a room where there are no lights burning. 

bther mixes in all proportions with alcohol^ wood-spirit^ chloroform^ acetone, and 
inany other liquids, and to a certain extent also with water. When ether is shaken up 
water, two layers are formed, the upper consisting of ether containing a little 
Water, and the low'cr of water which has dissolved of ether. Ether dissolves iodine' 
uuii and small quantities of sulphur and phosphorus; also chloride of gold, 

<'^>"nde of iron, mercuric chloride, and mercuric nitrate.. It dissolves with facility 
nK*st organic l>odio8 containing a large proportion of hydrogen, such eefais and resiiM, 
^bn*h are but sparingly dissolved by alcohol, whereas it acts but little’ on those which 
soluble in ulcohoL 

bther unites directly with tetrachloride of tin, forming the compound 2C*H’*O.SiiCl% 
w nch ciy stall ises in shining rhomboidal plates, volatile without decompoailioii, dip*' 
^ easily in excess of ether, and decomposing in contact with water. 

Iheompnsitiofis, — 1. By Heat. Ether-vaj)Our, passed through a red-hot yfobii- 
^«riy thi* same products as ateohol, viz. olefiant gas, carbonic oxide, water, aldehydd^ 
- 2. By Combvsthn, When ether bums rapidly in the air or in oxygen gas, it is 
*^mplPtely converted into water and carbonic anhydride; but when ether-vapou? 
with air comes in contact with platinum-black, slightly heated plmtinum^spong#, 



or other bodie# heated not quite to redness, it undergoes a slow and imperfect com. 
huatioD, like alcohol under simiW cireumstanc^ yielding various products of oxiiUtiT 
viz. aldehyde, acetic acid, formic acid, carbonic acid, water, ana a peculiar volatile 
pungent substance, which has been called aevtylo^is^ aldehydic^ or lampic buth w 

not been isolated: it is probably only a mixture of the producte just menHomd fsL 
Agbttloos Acid, i. 36; Alcohoc, i 74; Combustion, L 1093). Ether exposed to th« 
air in contact with potash yields a small quantity of acetate of potassium. — 3. 
mixed with strong sulphuric acid and heated to 120® C. does not give off any gus, and 
if water be then added, a solution is formed containing nothing but cthyl-sulnimrMj 
acid. If, on the other hand, tho heat be raised above 120® C. the lii^uid begins toboij 
at 130®, and at 160® gives off sulphurous anhydride; at 180® it is in full ebullition 
gives off oil of wine impregnated with sulph^us acid, and blackens considerably; th< 
residue contains isethionic and othionic acids. — 4. Ether is decomposiHl by }i(‘ated 
nitric acidf yielding carlionie anhydride, acetic acid, and oxalic acid. — 5. Chloric 
and bromic acids likewise oxidise it rapidly, acetic ^id being formed, and chlorine or 
bromine evolved. — 6. With hydrochloric add gas it forms chloride of ethyl.-.?, 
cA/onwc passed into anhydrous ether, forma three suhstitution products, C^ji"Cl*0, 
C^H*C1*0, and C*CI'®0, besides aldehyde, chloral, chloride of ethyl, and hydrochloric 
acid. If water is present, acetic acid and other products of oxidation are formcwl,-- 
8. Bromine appears to act upon ether like (diloriiie. Tlie red solution of bromine in ether 
becomes colourless after a few days, with formation of hydrobromic acid, bromide 
ethyl, bromal, and other products, forming together a mixture analogous to heavy hy- 
drochloric ether (p. 632). With chloride of bromine, yields hydrochloric I 
and an ot^anic compound rich in bromine. — 9, Iodine acts but slightly upon etln r. 
Chloride of iodine forma hydrochloric acid, the iodine dissolving in the ether.— 
10. "Phosphorus converts ether into several phosphorised acids, which have not Inn » 
accurately studied. — 11. Potassium and sodium slowly decompose ether, iHminat- 

ing hydrogen (Th 6 nard.) [Was the ether quite free from water and alcohol?) 

12. VV^en ether-va pour is passed over heatedpo<<?.9A- or sodaMme, hydrogen and marsh, 
gas are given off, and an alkaline carbonate is formed. — 13. Ether decompr>se8 many 
metallic chlorides, abstracting tho chlorine, and yielding products which are probably 
the same as those produced by tho action of free chlorine on ether. Srsqitiehhtride of 
iron is decolorised and reduced to protochloride, with formation of hydrochhjric iu i<i ; 
cupric chloride to cuprous chloride ; mercuric chloride to mercurous chloride, which is 
precipitated ; from chloride of gold, in sunshine, metallic gold is deposited 


Chlobinatsd and Sulphuretted Derivatives of Ethilic Etiiku. 

Anhydrous ether treated with chlorine yields three substitution-products, containinj; 
1, 2, and 4 at. chlorine in place of hydrogen, according to the manner and duration of 
the action. These compounds have been investiguted chiefly by Regnault (Aim. 
Ch. Phys. [2] Ixxi. 392), Malaguti {ibid. [2] Ixx. 338; [3] xvi. 6 and 19), and 
Lieben (Ann. Ch. Pharm. cxi, 121). 

Monochlorethylie Ether, C’H’CPO = ^))l^j)o.~ThiBComponna,origin»nj 

chIIpiI rhtorrtheral, was discovered in 1837 by I)' Arcet (Ann. Ch. Pharm. xxviii. 82). 
who obtained it by the action of clilorine on olefiant gas. Regnault, however, sag- 
gosted tliat its production was due to the presence of ether-vapour in the gas ; w 
Liehen has since shown that the same compound is the chief product of the actio 
of chlorine on ether at temperatures not exceeding 20° — 30® C. It is a ^ 

limpid, colourless liquid, having u sweet , ethereal odour, and boiling between 149 ^ 
147®. Vapour-density =r 4-93. Water decomixises it, yielding a substance wiu 
appears to be isomeric with aldehyde or acetate of ethyl. With potash it yieKw 
couol and acetic acid : 


C*H*CI*0 + 3KHO = C*H*0 ^ C»H»KO» + 2KC1 + HK). 

Dtchlorethylie Ether, C*H*a‘0 . — Discovered by Malsgnti ii 

1839. Produced when pure ether is saturated with chlorine in diffhsed 

liquid being cooled at firsts and afterwards heated to 100® C. A largo q^J\^ 

l^drochloric add is formed in the reaction, together with chloride of ethyl and enww 

tjhe hydrodiloric acid, acting on the ether, forms chloride of ethyl 

ddor&e, in presence of the water, exerts an oxidising action, resulting in the wrmai 

of chloral . 

Diehlorethylic ether is a limpid liquid, of specific gravity I'fiOOS, having^ . 
.l|he that of fennel It is decomposed by heat, even below its boiling 



.. of acid. It is slowly decomposed by ivater and by aqneons 

by potash, yielding chloride and acetate of potassium : 

’ C<H*C1K) + 6KHO - 2C*H*KO» + 4KCL + 3H‘0. 


V^iassium decomposes it at a gentle heat, forming a chloride of potassium, and 
rminating a gas, which burns with a green fiame. Chlorine^ in sunshine, converts 
Ji'hlotethyUc into perchlorethylic ether. ... 

Sulphvdric acid decomposes dichlorethylic ether, with evolution of hydrochloric add 
1 , 1(1 {Ration of an oily liquid, which solidifies in a few days to a soft crystalline mass, 
separable by crystallisation from boiling alcohol into the two following compounds con- 
tdSng res^tively 1 and 2 at. sulphur in place of 2 and 4 at. chlorine : 

Sulphcthylic Ether^ CWS*0 (Malaguti’s ither crystallises out first in 

i ri. matic needlefl, having a faint odour like that of chloride of sulphur, melting between 
liO'^ and 123" C., insoluble in water, but soluble in alcohol and ether; decomposed by 
alcoholic potash, yielding sulphide and acetate of potassium. 

Chlorosulphethylic Ether^ (Malaguti’s Hher cldoTOBvlfurh\ oiys- 

tallisos from the mother-liquor of the preceding, in unctuous fetid scales, melting 
lrtwrt‘n 70" and 72® C., insoluble in water, soluble in alcohol and ether. Alcoholic 
pjtdfsh converts it into sulphide, chloride, and acetate of potassium. 

These sulphuretted compounds, as well as the dithlorinated ether from which they 
an* formed, may bo regarded as intermediate in composition between ethylic ether and 
:i(’rtic anhydride, and as derived from the latter by the substitution of chlorine or 
giilphur for an equivalent quantity of oxygen in the acetyl : 


KOiylic 

ether. 


C’H'p 


Dichlorethylic 


ether. 

cm^cin 

CTPCl’J 


o 


Cliloroatilph- 
ethyhv ether. 

c*n*cr^^ 
envs 
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Sulphethylic 

ether. 

C*-IPS> 


o 


Acnlc an 
hvtiridi 

C-H’O 

c*n=*o 


jo. 


All these compounds, when treated with potash, yield acetate of potassium. 

ftarjis ) 

Ihrchlorethylic Ether, C^C1‘®0 « — Discovered by Kegnault in 1830. 

Prriueed by the prolonged action of chlorine on ether, in sunshine. In preparing this 
and I he otlior chlorinated derivatives of ether, it is advisable not to cool the licjuid too 
Tiiut'h at tlie beginning, so as to allow the hydrochloric ether, which is produced in largo 
fj'iantily, to e.seape ; otherwise the reaction is apt to become very complicated, and to 
yield especially large quantities of perchlorinated chloride of ethyl or trichloride of 
carbon (p. o 32 ). 

IVrcblorethylic ether crystallises in dimetric octahedrons, differing but little from 
MMilar octahedrons. Length of principal axis = 0*962. P ; P in the lateral e<lges 
li[6" 40'. Terminal summits truncated by the face oP. Cleavage parallel to oP 
(NickUs, Ann. Ch. Phys. [3] xxii. 28), Specific gravity = 1-9 at 14-6® C. (Mala- 
pnti). Melt.s at 69® C. (Rcgnault), and boils at about 300®, Inung resolved at tho 
pamc time into trichloride of carbon and chloride of trichlorucetyl, C*C1'®0 «= C'^Cl® + 

ch:i^o. 

Sulphuric add acta slowly on perchlorethylic ether at 210® C., emitting vapours, which 
when condensed in water, form a solution of trichloracetic, sulphuric, and hydrochloric 
acids (Mala gut i). Tho decomposition is probably os follows : — 

Pftrchlorethylic PcrcUlcn thyllc 

fthcr. acetate*. 

cIc{»|o + H'SO\ - 


Perchlorethylic Trichloracetic 

acct.ite. acid. 

^i^jo + 2H«0 - 

Potassium acts violently on perchlorethylic other, but only near the temperature at 
^Mch spontaneous decompositmn begins (Malaguti). The other is attacked by aU 
C'kalic potash, but the reaction appears to be complicated by the presence of the 
«l<»hol. (Regnanlt.) 

. Au alcoliolic solution of protosulphide of potassium converts perchlorethylic ether 
JDto chloroxethose (i. 924) : 

C^CPH) + 2K:*S - C«C1«0 + 4KC1 + S», 


this compound, when subjected to the action of chlorine, is reconverted into per* 
«*dorf‘thylic ether. (M al agut i.) 

P<‘^chlorobromcthylio Ether, C^Cl*BriO, Bromide of CUoroxithofc — Obj 
by oxpering chloroxethose to the action of bromine in sunshine (MuUguti). 



OF. 

k oetidiedro isomorphous with thosQQfpfirchloretli^^llp ^t^nfieVii 

bo. cit). Colourless, inodorous. Specific gravity «*« 2*6 at C. at 9rto* 

is resolved at the same time into bromine and chloroxethose. The same decomryj*?^ 
takes place under the influence of sulphides. (Malaguti) P*8iuoi, 

This compound and the preceding exhibit towarc^ ethylic ether and acetic an}, 
^de, relations aimllar to those previously noticed With respect to dichlorethvli/.^^* 
and its sulphuretted derivatives ; thus : ^ 


BthrUc 

cthfir. 


C*H»{ 


O 


Dichlorethyllc 

ether. 


C*H’CP> 

C*H»CPJ 


0 


Perchloretbylte 

ether. 


C*C1») 

c*ci *5 


0 


Perchloro- 
bromethjrlic ether. 

C*Cl*Br»p 


Acetic 

»• 

C»1P0 


The interest of these relations is increased by the facility with which porchlorethvlif 
ether is converted into compounds of the acetic acid series, e.^. chlorido of triclioN 
acetyl and trichloracetic acid. 


Double Ethers containing Ethyl : Ethylates, 

TgxHVLATB OF Am TL. C’H*®0 =« | O.—See Amtl, Oxidb of (i. 205). 

Btatlatb of Cbttl. — See Cbttl, Oxide of (j. 842). 

Etbylatb op Bbnktlbnb. Benzylbnic Ethek 

(I 578). 

EthtlatbsofEthtlbnb. and SooEthti.eni?,Oxiw 

OF (p. 678). 

Ethtlatb OF Mbthtl. C*II®0 = Methylate of Ethyl ; Etkylmthylic, 

iSuthylethylic^ or Vinomctkylic Ether ; Vinomkhylide. (Willi am son [18501, Phil 

]^ag [3] xxxvii. 350; Chem. Soc. Qu. J. iv. 106, 229 Chancol, Compt. rend. x.\xi 

162. wProduced : 1. By the action of iodide of methyl on ethylate of sodium, or of 
iodide of ethyl on metiiylate of sodium : 

CH®.Na.O + C*H®I « C*H*.CH®.0 h NaL 

The second process is to be preferred, because the product is more easily purified by 
reotifioatioa than in the first. The apparatus should be arranged so that the distillate 
may constantly flow l^k into the retort till the decomposition is finished ; the double 
ether may then be distilled off from the fixed products (Williamson). — 2. lly the 
action of methysulphate on ethylate of potassium (Chancel): 

CPmK,0 + SO«.CH».K - K'SO* + C»H‘ CH*.0. 


It is a transparent, colourless, very mobile liquid, boiling at 11° C. Vapour-den- 
•ity - 2*168, corresponding with a condensation to 2 vol. (Williamson). The 
vapour has a peculiar ethereal odour, and is highly inflammable. (Chancel.) 


Ethtlatb op Octyl. Ethyl-octylie ether, (Wills, Chem. 

Soc. Qu. J. vi 312.) — Produced by the action of octylate of sodium on iodide of ethyl 
It is a colourless mobile liquid, having a specific gravity of 0*791 at 16° C., and boiling 
at 177®. Vapour-density by observation « 6*095 ; by calculation from the preceding 
Ihrmula (2 roL) *» 6*47. 

Wills regards this compound as ctkyUheptyUo ether, C®H*®0 « C®H*,0'H‘K). The va- 
Mur-density, 4*99, deduced from this formula, cei-tainly agrees better with the observ^ 
density than that deduced from the formula C'®H®**‘0 ; and so likewise does the anal^'siii, 
which gives 76*16 per cent carbon and 14*44 hydrogen, the formula C®H*0 requiring 
75*00 0. and 13*88 H., whereas C*®H”0 requires 76*96 C. and 13*92 H. But the ex- 
periments of Bouis and others tend to show that castor-oil alcohol, from which 
compound is derived, contains 8 rather than 7 at. carbon. (See Alcohols, i. 98 ; ah® 
OoxYYJo Alcohol.) 

Ethtlatb OP Potassium:. C-H*K0. Pf><as««m.u2c<)W.---Producedby treati^ 
absolute alcohol with potassium ; 1 at hydrogen is then given off and its place suf>^w 
by potassium. The ethylate, of potassium separates from the saturated li^id m 
colourless ciystals, which, if protected from moisture and carbonic acid, may be pa^ 
served without alteration. Water converts the compound into alcohol and hTdralt » 
Ip t i i i mm . Its other reactions are similar to those of the following comp 


tlit* OF Sodium. C*H*NaO. Swi*V^n-a^Ao4--IWaced like 
• ** mt)ouni--Cry»talliB«B in broad lamina. This compound, and the precrang^ 
Dwcisely similar reactions, and both form very convenient rea^nts for the 
of a great number of organic bodies, serving to introduce ethyl by eubsti- 
many compounds. Ethylate of sodium is, however, generally preferred to 
^^^witassium-wmpound, because sodium is cheaper than potassium, an4 acts less 


• Vntlv upon alcohol. 

hvlato of sodium, treated with the iodide, bromide, or Moride of an alcohol- 
JtJ forms iodide, bromide, or chloride of sodium, and an ether containing one or 
t alcohol-ra^cles, according to the particular rea^nt used (Willi am son,7oc. cit.), 
Inh nitrate of ethyl it acts in like manner, yielding ethylic ether, and nitrate of 
laiuin : but with the ethers of organic acids, a diiFerent reaction takes place. With 
it forms a very insoluble compound, which absorbs water greedily from 


ftodium ; 

alcohol and acetate of sodium : 
CWNaO + C*H*0.C^*.0 +H®0 


2C-‘H«0 + C*H*NaO*. 


Jl(%zoate and oxalate of ethyl act upon it in a somewhat similar manner (Beil- 
slein, Ann. Ch. Pharm. cxii. 121 ). — Carbonic anhydride passed into a solution of 
ethylate of sodium forms awhite precipitate of ethyl-carbonate of sodium (Beilsteiui 
]^^^Q[i:y^Car}}on^c oxide not act on ethylate of sodium (Wanklyn, Anm Oh, 
I’bi'rm. cx. Ill) unless a trace of moisture is present ; in which case a small quantity 
of formic acid is produced by the action of the carbonic oxide on hydrate of sodium, 
^(u'uther, ilnd. cix. 73; Lieben, ibid. cxii. 326.) 

Qymaie of ethyl, heated in a sealed tube with ethylate of sodium, generally yields 
tri<"thylaraine ; sometimes, however, the greater part of the eyanato is converted 
into cyiiniirate, which acts on the ethylate of sotlium in the manner explained on 
293, yielding hydrate of carbotriethyltriamine. (Hofmann, Proc. Boy. 

282,) 

With iodi form, ethylate of sodium yields iodide of methylene and a body having the 
eonijx>sitiou of aldehyde ; 

C*H»NaO + CHI* » CHH* + Cm*0 + Nal. 


With iodine, it yields iodide of sodium, formate of sodium, and iodoform ; which 
Inst or>injM)U)id acts upon it in the manner just mentioned. Chloroform converts 
ethylate ot* sodium into chloride of sodium, and a body having the composition : 

3Cm»NaO + CirCl* = 3NaCl + C’H'«0*. 

(Kay, Clicm. Soc. Qn. J. vii. 224.) — Wurtz (Compt rend, xliii. 478) suggests that 
this compound may be the triethylic ether of a triatomic alcohol homologous with 

glycrin ; C=H'«0* = | O*. 

With monachloracetic acid, ethylate of sodium yields the sodium-salt of ethylox* 
apetic acid (an acid isomeric with ethylglycollic acid), together with aloohol and 
tUoride of sodium: 


2C*H*NaO + C'H*aO* = C^HTlaO* + C*H*0 + NaCL 

Ethylate of Ctiloracctic Ethyl.oxacetate Alcohol. 

•odium. acid. of sodium. 


(Heintz, Pogg. Ann. cix. 301; Jahresber. d. Chem. 1869, p. 360. — See OxAcnnu 

Acm.) 

With nitrobensene, ethylate of sodium (and likewise alcoholic potash^ yields 
azobenzeno, azoxy benzene, phenylamine, oxalic acid, and other products. (Be champ 
»iiu Saint-Pierre, Compt. rend xlvii. 24.) 


Ethylate OF Tbtbtl. ^ Ethylate of Butyl, EthyUtetrylic 

Jlhyldmtylic ether, (Wurtz, Ann. Ch. Phys. [3] xlii. 129.)— Produced by the 
‘ ion of iodide of ethyl on tetiylato of potassium, C^H*KO. Colourless, mobile^ 
*^‘*f?nint liquid, of specific gravity 0*761, boding between 78^ and 80® C. 

PHOaPBZOSB OF. See Phosphobus-basbs. 
p&xmsxBas OF. See Flumbetuyls. 


aauirwntSATa or. C»II*Se = i^deniuiaiMiienapian. 

»Bd Siemens, Ana. Ch. Pharm. Ixi. 360.) — This compound is obtained by 
hnW aqueous potash with selenhydric acid gas in an apparatus filled with 
pipogen^ and distilling the resulting solution of selcnide of hydj^en and potassium 
^ucentratod ethylsulphate of potassium, the air being as much as possible ex* 



ji ' ^ 

chided. Selenhydric acid gas is 'first given off, and afterwnrda 
together with a heavy, yellow, intolerably stinking li^d. This liquid, 
separated from the watery distillate, is placed in contact with chknide of 
and distilled into a fVesh receiver, whereupon seleninm-mercaptan passes over ^ 
and afterwards selenide of ethyl ■ v 

Selemufn-mercaptan is a thin, transparent, colourless i^nid, heavier than teaL 
and insoluble therein, hut soluble in alcohol It boils considerably above 100° C and 
has an extremely repulsive odour, resembling that of the cacodyl-compounds. ' 

It bums with a bright blue flame, giving off thick white and red vapoari} of 
Bclenious acid and selenium. The vapour passed through a tube heated to low 
is decomposed, with separation of selenium. A mixture of selenium-mercaptan aii,l 
chlorate of potassium takes fire and explodes on the^ addition of hydrochloric aci!] 
Belenium-mercaptun appears not to be completely oxidised by chlorine or nitric acid 
When passed in the state of vapour over red-hot co^er wire, it is completely dccoin! 
posed, forming crystalline selenide of copper, omitting an odour like that of bcnzpw* 
and depositing ii small quantity of charcoal. ' 

In contact with mercuric oxide^ it becomes heated, makes a hissing noise, and forms 
a yellow, easily fusible substance, which dissolves in hot alcohol, and separat es from i| 
in an amorphous condition on cooling. The alcoholic solution of selenium-mercaptan 
also forms a thick yellow precipitate with mercuric chloride, 

aTRTZi, SBXiiarZBlI or, or sa&BirfiTBTZ.. C^H'^Se == 
Selcnhydric or Hydroselcnic ether. (Lowig, Pogg. Ann. xxxvii. 652; Chemk dit 
^organischert Verbindungen^ Aufl. 2, ii. 432. — Joy, Ann. Ch. Phann. Ixxxvi. 35.- 
::Om. yiii. 366.) 

.-Finely powdered selenide of potassium mixed to the consistence of a thick pwte 
with pure oxalic ether, then gently heated in a retort for some hours, and oftervrarilH 
distilled, yields a liquid which smells and tastes like sulpliide of ethyl, and when w* 
on fire burns with an odour of horse-radish, and deposits selenium. (Lowip.)- Jnj 
obtains the compound by (listilliiig selenide of potassium with aqueous etliylsulplmti 
of calcium. It appears also to be produced in small quantity, in the preparation n 
selenium-mercaptan. (Siemens, Ann. Ch. Pharm. Ixi. 360.) 

Selencthyl is a clear, pale-yellow liquid, having a most insufferdblo odour ; it i 
much heavier than water, and does not mix with it. When set on fire, it burns con 
tinnously, emitting red vapours of selenium. 

Selenethyi is an organic basis forming definite salts wdth acids. Nitric aci 
converts it into a nitrate, from which the chloride, bromide, and iodide may bo oltuiuo 
by double decomposition. (Joy.) 

Bromide of Selenethyi separates in the form of a lemon-yellow oil, lieaticr 
than water, when a solution of the nitrate is mixed with hydrobromic acid. It disbolvcu 
readily in ammonia, and forms an oxybromide. (J oy.) 

Chloride of Selenethyi C^H’^SeCl®. — The solution of selenide of ethyl in nitric 
acid mixed with hydrochloric acid becomes milk-white, and immediately aftcrwanli 
deposits drops of an oily body which is the cldoride of selenethyi. It is a tran.-^pdo nt 
light yellow liquid which sinks in water; when quite pure, it appears to be inodoron.-^. 
It is somewhat soluble in water and more so in hydrochloric acid, which circumstance 
renders some care necessary in preparing it. 

On leaving it for a considerable time in contact with the liquid containing bydro- 
ehloric aiid nitric acid, in which it has been produced, a number of welMclined traus- 
mrent and colourless ciystal-s are formed at the separating surface of the two liquids. 
Tlieae ciystak dissolve readily in water and alcohol, and separate unchanged on 
ntfioiL The aqueous solution is acid, and forms with ammonia a crystalline mass, from 
which the ammonia is separated by potash. Sulphurous acid added to it separatf'S 
selenethyi The crystals give by anafysis 13*7 por cent, carbon, 4*3 hydrogen, anu 
SUH)6 emorine : therefore 1 at. chlorine to 2 at. carbon. 

Iodide of Selenethyi C*H*®Sel*, is obtained on adding hydriodic acid to a BolirtfU 
of the chloride or nitrate, as a black liquid, having a semi-metalljc lustre, sinking 
in water. It is inodorous, does not solidify at 0° C.; dissolves only in ammonia 
Nitrate of Selenethyi is formed by dissolving selenethyi in hot, moderttely 
strong nitric add, the action being attended with evolution of nitric oxide gas. 

O*ye\lorid* of a«Untthyl CUorideof***- 

dissolTM readily in ammonia, forming cUoiide of ammomnm and 
selenethyi The latter may be extracted by absolute alcohol, and 
liilStioiui, colourless cubes, generally grouped in stellate masses. ^ 

added to the aqueous solution throws down the oily chloride of sdshethfl;^ 
V^phttzous add throws down a fetid mixture of seleuethyl and the chloride. \*9t} 



stiLram 




htl . STAHWX»»S of. See Sta»io8Thyl8. 

sulphides ol ,*«. v«.. 

*'*“* tri-sulpliide. ^^hey are oily liquids having a pungent alliaceous odour. 

_ /r^4TX»\fla 1.. rr..j i * • .t .. 


of potassium, chloride of ethyl, and other ethyl-compounds ; also, 
R^rdin" to Dobereiner, by dissolving protosulphide of iron in a mixture of strong 
1 y,||i,x"'hl»>ric acid and alcohol. 

'Vppnrathn. An alcoholic solution of potash is divided into two equal parts: one 

.rt is fiafurated with siilphydric acid gas, and then mixed with the other; the liquid 


iptrtxlucwl into a tubulated retort ; vapour of h 3 'drochloric ether is passed through 
*t fa saturation ; and heat is then gradually applied, the stream of hydrochloric 
i-tlicr viii)oiir being still kept up. From the distillate, which contains alcohol as well 
assiilpliide of (thyl, the sulphide of ethyl is precipitated by water; it is then purified 
! Vwasliing with water, dehydrated by cliloride of calcium, and rectified (Regnault). 
i; Hidriinont (Compt. rend. liv. 616) distils sulphide of potassium with iodide of 
(tiivl. Lf'wig distils sulphide of potasaium with ot.ludsulphate of barium. 

rfiis. of ethyl is a colourless oil)’ liquid having a very pungent, 

> 'noahle, alliaec'ous odour. iSpeeific gravity = 0*82;5 at 20® C. IJoiling pmint 
Vjqxnir-deii.sity 3’00 (Regnault) ; calculated (2 vol.) =»3*12. It is insoluble 
i.i iml'r, l)ut soluble in alcohoL 

It is very inflammable and burns in the air with a blue flame. When poured into 
it takes fire spontaneously. Kitr/c acid oxidises it readily, converting 
if parflvinlo ethyl-sulphurous acid (.SO)".C“HM1.0''*. It is not decomposed by boiling 
)»otash-lev, Imt on distilling it over hydrate of potassium sulphide of potassium 
1 -^ foi'iiit il, and alcohol passes over, tog(*llier witli utidecompjosed sulphide of ethyl, 
H 2K1I() T= K-S H 2(C*H\.H.O). It is not altered hy 7ncrv uric oxidi\hvLt 
a yellow precipitate with aednte of had, (See Addenda, p. 967.) 


Compounds of F.th/Jic Snlpihidf' with Metallic Chlorides, 

Mr.mry ’Compound. (C^H*)2S.ng'Cl’*. — Ry agitating aqueous mercuric chloride 
\»ith Mil [dude of ethyl or its alcoholic solution, a crystalline compound is obtained, 
^rlii.di Mi.'iy ho [luritied by recry’stallisation from boiling alcohol, and obtained 
in ilifsiinet crystals l)y solution in ether or wood-spirit. It forms monoclinic prisms, 
ill which ceP ; ooF ~ 103® 40'; ooP : oP = 7*1*^ 10^ It is heavier than wat^r ; 
h.is a \'(!ry unpleasant odour; becomes opaque and gives off sulphide of ethyl on 
|■sp>sl 1 ^c to the air; molts at 90® 0. to a colourless liquid, which solidifies to a 
cpy.sfalline mass on cooling; and decomposes at a stronger heat, emitting fetid vapours, 
ih'iir.) 

Plntimm-compound 2(C*H^)^S,PtCP. — Obtained like the preceding, which it 
nsembles in moat of its properties. Melts at 108® C. 


Cldorinatcd Derivaiives of Eihylic Suipkide, 

Sulphide of ethyl takes fire when poured into chlorine gas ; but when dry chlorine 
l'ati.‘ii'd into a flask containing sulphide of ethyl, not at first into the liquid, the 
vrs.'ij 1 being kept cool and in the shade, substitution -products are formed, the chlorine 
qiui kly disappears, and hydrochloric acid gas is abundantly evolved ; towards the end ^ 
f't tho operation, the chlorine may be passed directly into the liquid. With alM)ut 
!«> grammes of liquid, the operation is completed in diffused daylight in about four 
W (Iliche.)^ 

J o separate the products, the liquid is first heated to 70° — 80® C., while a stream 
of carbonic anliydride is passed through it, whereby chlorine and hydrochloric acid 
expelled, and then distilled. It begins to boil at 160° C., the greater portion 
r 163® and 173®, and the boiling point afterwards rises to 230®; but 

uo liquid then begins to decompose, giving oflf hydrochloric acid and leaving a carbon- 
aceous residue (Riche). The only definite compound obtained from it is: 

^^^^^orethylio Sulphide, (C*II*CP)*S. — ^This compound forms the greater part 
^ distillate, passing over between 163® and 173®, and may be purified by rcctifl- 
H hght-yellow liquid of specific gravity 1*647, having a strong unpleasant 

, 'IT* filing between 167® — 172® C. It is decomposed by hydrogen and by proto- 
“ pnide of potassium, with formation of viscid products. (Itiche.) 

^^ichloretkylic Sulphide, (C*H*Cl*)*S. — If the chlorine is allowed to acton 





jfiTHXA SUX.PHn)ES^^^ 

the flulbhiSe df ethyl in difihsed daylight without external cooling, a 
blackish at flrst, becoming deep yellow afterwards, from which, by 
tion, this and the following compounds are obtained. 

Trichlorethylic sulphide is a dark yellow oil, boiling between 
(Kiche.) 

Tetrachlorethi/lio Sulphide. (C^HCl*)-^. — This compound, previously obtainnii 
by Begnault, passes over in the distillation between 217® and 222® C. It may he k 
tained in larger quantity by passing chlorine for a long time, and in large excess 
sulphide of ethyt heating the liquid ultimately to between 60® and 80® C. It U** 
yellow liquid of intolerable odour, of speeitic gravity 1-673 at 24® C., boiling, accord 
ing to Kognault, at about 160® C. with partial decomposition. * 

Perchlorethylic Sulphide. (C®Cl*)*S (?)— By the action of chlorine on etliylic 
sulphide in sunshine. Trichloride of carbon is then formed and a liquid obtaiaed 
which is probably (C“C1*)-S ; but it has not been analysed. (Kiche.) ^ 

Msolplilde of JBtliyl. or Thiulol. (Zeise, Pogg. Ann. xxxi. 

371. — Pyr. Morin, ihid. xlviii. 483. — ^Lowig, ibid, xxvii. 560. — ^Lowig ami Wei d« 
mann, ibid. xlix. 326. — Cahours, Ann. Ch.Phye. [3] xviii. 268. — Muspratt, C^hem. 
Soc. Qu. J. iii. 19.) — Produced: 1. By the action of ediy 1-sulphate of potusHium on 
disulphide of potassium in concentrated aqueous solution (Zeis o). If the solution 
also contains trisulphide of potas.sium, a certain quantity of trisulphide of ethvl is 
formed at the same time ; nevertheless the greater part of the trisulphide of potassium 
likewise yields disulphide of ethyl, part of tlio sulphur being separated : 

C'-^iP.K.SO* + KS» = KASO^ + C^H^S + SA 


“!9<?^onal distill^ 
189® and 192oc 


2. By distilling oxalate of ethyl with disulphide of potassium.— 3. By decomposing 

solphosulphite of ethyl, | y ^ product of the imperfect oxidation of mercap' 

tan by nitric acid (see Suli'HUkous Ktiikhs) — with potash (Lowigand W eidmann). 
—4. By the dry distillation of ethvl-sulphocarbonate of potassium. (Zeise.) 

Preparation. — 1. A mixture of 1 pt. disulphide and 2 pts. ethylsulphate of potas- 
sium (or 3 pts. ethylsulphate of potassium and 2 pts, ordinary liver of sulf)bur) is dis- 
tilled in a retort with 6 pts. water ; more w'ater is added when the residue becomes 
thick ; the distillation is continued ; and this treatment is repeated three or four time!*, 
as long as oil continues to pass over. The yellow and still impure disulphide of ctliyl 
is separated from the water which has pas.sed over with it, shaken up sovcral times 
with large quantities of fresh water, and dried for several days over chloride of cal- 
cium. Of this oil, which is contaminated with a more fixed oil (hence its boiling jKmjt 
rises from 160° to 200® C,), a quantity is distilled off. sufficient to raise the boiling 
point to 190® ; the distillate is again distilled till the boiling point rises to 180®; and 
this treatment is repeated till a distillato is obtained, which passes over at 161° with- 
out leaving any residue. The quantity of the pure product thus obtained is 
half that of the impure oil. — 2. Muspratt distil.*? together, in a largo n*tort, equal por- 
tions of the concentrated solutions of ethyLsulphate of calcium and trisulphido of potas- 
sium ; washes the oily product repeatedly with distilled water ; and then rectifie.s it 
several times over chlori<ie of calcium. 

Properties. — Bisulphide of ethyl is a colourle8.s oily liquid, insoluble in water, soluble 
in alcohol and etlier. Its specific gravity is about equal to that of water, so that 
it first floats upon water, and then, perhaps from absorbing water, sinks to the 
bottom. It boils at 151® C., passing over undecomiK).scd. It is neutral to vegetable 
colours ; has a veiy strong and repulsive alliaceous odour (according to Muspratt it 
has a most disgusting smell when crude, but after rectification the smell is W'y 
•lightly alliaceous); when inhaled it is very apt to produce headache; tastes "5*^ 
•harp and afterwards sweetish ; 10 drops of it given to a rabbit cause convulsive 
movements, from which, however, the animal slowly recovers. Vapour-density ** 
4*270 ^Cahours). If then its molecule in the state of vapour is condensed 2 rolai 
according to the ordinary law, the rational formula must be C*H*®S*, not C*H*S: tor 
(2. 12 -I- 6. 1 + 32) * 00693 == 4-227. -We 

/^compositions. — 1. Bisulphide of ethyl is very inflammable, and bums with a ow 
flume. It is not altered by exposure to the air. Chlorine decomposes 
especially m sunshine (Cahours). With bromine it forms a compoun?^ »ol^« 
water, which yields, by distillation, hydrobromic acid and an aromatic liquid- 
niirio acid converts it into ethylsulphurons acid, a small quantity of 
being also formed. Strong sulphuric acid does not dissolve it in the cold ; on y 
heat, decomposition takes place, attended with evolution of 8nlphmx)W 
With mercuric oxide^ disulphide of ethyl slowly forms a yellow m^ss. ^Tha 
solution precipitates mercuric cMorids white, acetate of lead yellowish white. (*®?*®*1 



ETHYL, StiLPflYDRATE OR 

j of mUyU (C*H»)’S* — Obtained, together with the <liw^^de, by 

a mixture of ethylsulphate and pentasulphide of potassium. On rectifying 
distiiimg ^ the disulphide passes over first, and afterwards the trisulphide. It is a 
pro* , which reacts like the disulphide wdth nitric acid and with 

PentaanlpUldo of Stliyl. (C*II^yS» (?)— This appears to be the composition of 
hite sweet-tasting, fusible sulphuretted compound, precipitated by water from an 
J^holic solution of oxalic etlior and pentasulphide of potassium. (Lowig, Chemie 
d^r Organischen Verhindungen, i. 464.) 

STHTlif SUXitKT»»ATll OF. C^II‘S = ^ | S. Ilydrosidphate of Ethyl, 

f;nlphthylatc or Ethyhxdphide of Hydrogen, Mercaptan. — This body, which has the 
alcoliol in which the oxygen is replaced by sulphur, was discovered by 
in 1833 (Pogg. Ann. xxxi. 369), and has been further examined by Liebig (Ann. 
Ch. riinrnj. xi. 10 ; xxiii. 34), Debus Ixxii. 18), Regnault (Ann. Ch. Phys. [2] 
l,\xi. 39tl)i others. (See also Gm. Tiii. 340; Gerh. ii. 284.) The name mer- 
(*:n,t;in, by which it is generally known, signifies corpus niercurio aptum^ a body 
li iving a strong tendency to unite with mercury. 

Mi'icajitMii is produced in numerous cases of the reaction of ethyl-compounds with 
rri. tulllr sulphydrates, especially with those of the alkali-metals : 1. By the action of 
fcuIpLydrate of barium on ethylsulphate of barium or of calcium : 

Ba"ll=S- + (C2IPy-lhi"t80‘j* « 2(Cm^U.S) + 2Ba"SO\ 

Ilv the action of chloride of etliyl on sulpliydrato of pota.ssium : 

KIIS + C^n^Cl = KCl + C»1P.H.S. 


liv the (Iry di.st Illation of xantliute of potassium. ~4. By the action of nitrate of 
dljyi on sul])hy(.lratc of ammonium. (R Kopp.) 

Vr>}>araiion. — 1. Crystallised otliylsulpbate of calcium is distilled with a solution 
of .'ii!|.]jydruto of barium; the product is collected in a well cooled receiver; the 
:i ,ii.‘ iis portion is decanted; and the mercaptan which remains is purified by 
3i>!i!l.iii()n with a small quantity of mercury, then dehydrated by chloride of calcium 
-2. A mixture of alcohol and sulphuric acid, such as is used for preparing 
til** oihylsulphat.es, is saturated with potash; and the liquid, decanted from the pre- 
sulphate of potassium, is mixed with excess of caustic pota.sh, then saturated 
^viIl^ .sulphuretted hydrogen and distilled (Wohler), — 3. An alcoholic solution of 
is saturated wdth sulphuretted hydrogen, and then treated with vapour of 
< l.I"ri.l(.^ of ethyl. B a u d r i m o n t (Compt. rend. liv. 016) recommends iodide of ethyl 
for tliis pur[x\se. instead of the chloride, because it is loss volatile. 

Vrfipi'vti>s . — Mercaptan is a colourless, very mobile liquid having a peculiarly 
otVonslve olliaccous odour. Specific gravity 0*8326 at 21° C. (Liebig). Boils between 
;ukI 63° 0. Vapour-density ~ 2'11 (Bunsen); by calculation (2 vol.) = 2*148. 
It is very iiiliainrnable and burns with a blue flame. When a drop of it at the end of 
yjzlMss ri)(l is briskly agitated, it solidifies by the cold produced by its own evapora- 
</*' U. It is mnitral to vegetable colours, Tei*;y sparingly soluble in watery but dissolves 
111 :ill proportions in alcolwl and ether. It dissolvt^s sulphury phosphorus, and iodme. 

l^‘eoy,)po!sitlotis, — 1. Mercaptan, boiled v’ith moderately strong nitric acid, acquires 
11 red colour, and after a wliile dc|X)sit3 a peculuir oil. On continuing the ebullition, 
tue oil disupptjars and ultimately ethylsulpliurous acid is obtained. 

2. ^lercaptan, heated in a sealed tube with tricthylic disulphophosphate, yields 
iulphide of ethyl and diethylic disulphophosphate : 


(psy" ) o* 

(C=H*)»JS 


+ 


C^IP 


wu 




(PS)'" >0^ 
(C^H*)^.HJS • 


8. With pentasulphide of phosphorus, it forms triethylic and diethylic tetrasulpho- 
pbosphutes : 


(PS)"' ( q, ^ > a >1 (PS)'" ( q, 

(rey;® + \ H 1® y (C»H‘)*{® 


(VR-) 


js*. 


2H*S. 


(L Caring, Ann. Ch. Phartn. cxii. 190.) 

4. Potassium and sodium eliminate hydrogen from mercaptan in the same manner 
w from alcohol, and form analogous substitution-products, viz. the sulphethylatea 
®f potassium and sodium.— 6. The alcoholic solution of mercaptan precipitates 
metallic salts, forming a yellow precipitate with lead-salts, and white precipitates 
^tn cupric acetate, mercuric salts, and trichloride of gold. These precipitates, which 
Me formed from mercaptan by the substitution of a motal for one atom of hydrogen, uni 
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hare the general formtila are called Snlphethylatee^ EthvUn 

or Mercaptidoe. This general formula likewiae includes certain donhuLt . 
ethers analogous to the double ethylic ethers (p. 642). 

Sul^hethylaU of Amyl, C’H'«S .CW,C»H*'.S. — Prepared by heating i * 
ethjrlic^ disulphophosphate with 2 at. amylic alcohol to 160® C. till the vitiJli 
which is deposited no longer increases in volume : 


(PS)*" 


Trlethylic dl- 
tulphophOBphate. 


Amylic ftlcoliol. 


^PS)" 


Sulpliethylate 
of amyl. 


Amy lo.diet hylic 
sulpUaphoipliate. 


The ethereal liquid which floats on this mass is decanted and distilled • the V yAa 
which passes over between 120® and 140® C. is dissolved in several times its voIub?^ 
alcohol pd precipitated by water; this treatment is repeated several times* and tk! 
product is Anally washed with water till it is quite free from amylie alcohol* ™ 

Sulpliethylate of amyl is a colourless liquid, smelling like sulphide of ethvl uni 
sulphide of amyl. It boils at, 132®— 133*6® C. (corrected), under a pre&sureof 7^8nim 
Vapour-density, obs. = 4*4954 ; calc. == 4*5606. Its alcoholic solution forms r whi^ 
precipitato with an alcoholic solution of mercuric chloride. (Carius. Aim Ch Phu«v 
cxix. 315 ; Kep. Cliim. pur. 1662, p. 172 .) 

Snlpht thy late of Copper is obtained as a white gelatinous precipitate on mixim* 
the alcoliolic solutions of mercaptan and cupric acetate ; also, as a nonrly colour!^ 
mass, by digesting fiiicay pulverised cupric oxide with mercaptan in a closed ves,^ 
Ihe salt when dry Inirns in the flame of a eandle with a bluish-grecn light. It is not 
doeom])osed hv hoihng potash ; forms a colourless solution wdth moderately stroneliv- 
arjchloric aeid; and dissolves sparingly in alcohol. ® 

Sulph, thylate of Gold. Cm^AuS.-Obtiiinml as a white golatinons wecipitalo 
on mixing the dilute alcoholic solutions of auric cliloride and mercaptan (1 pt mwai). 
tan dissolved in 70 pts. alcohol with 1 pt. chloride of gold in 20 pts. alcohol). Solid 
triehlorid(‘ of gold is violently attacked by mercaptan, the mass becoming very hot and 
giving off* large quantities of hydrochloric acid. Oxide of gold is still more violently 
attacked, tlie mercaptan sometimes taking fire, and a black instead of a white puKlu.-t 
being obtained. As the compound produced in these reactions is not (C-H*)»Au'"J:;\ 
but C‘Jl“AuS, it follows that clilorine or oxygen must be set free, as shown by the 
equation : 

C*H»S + AuCl**» » C^n^AuS + HCl + Cl*; 


and this, acting on another portion of the mercaptan, doubtless gives rise to the great 
heat evolved when the materials are used in the undissolved state. 

Sulpliethylate of gold remains white when heated to 190® C. ; at 225° it begins to 
turn brown and gives off a yellowish liquid (probably disulphide of ethyl), imaeconi- 
panied by gas, and leaves metallic gold. It is not decoin pixneil hy potash, orhy tu'l* 
phuric or hydrochloric acid. JSitric aedd decomposes it, with violent evolution of gas. 

Sulphcthylate of Lead, obtained by precipitation from alcoholic solntions of 
mercaptan and acetate of lead, is white, crystalline, soluble in excess of the Jeachsolii- 
tion. It blackens by heat ; does not appear to be decomposed by potash. Nitrate of 
lead is not precipitated by mercaptan. 

Sulpliethylate of Mercury (mercuricum). C*H®HgS, or (C*H»)*Hg"S* (accord- 
ing as the atomic weight of mercury is taken at 100 or 200), — This compound is quickly 
formed on bringing^ mercuric oxide in contact with mercaptan, either pure or dissolved 
in alcohol, the action being attended with great evolution of heat. It is a white, 
crystalline mass, niicf uoiis to the touch, melting at 85®C., inodorous even in the melted 
state. It dissolves in 12 or 15 pts. alcohol of 86 percent., and separates on cooling ia 
white scales having a silvery lustre. When heated above its melting pointy it turns 
yellow, oxliales an intoxicating odour, and gives off metallic mercury. At 130® C. it 
gives off an oil, which appeare to be disulphide of ethyl. 

Sulpbe^ylate of mercury is not decomposed by aqueous potash ; but aqueous atdphi^ 
of potassium separates sulphide of mercuiy from it, forming a solution which contains 
the sulphethylates of jwtaasinm and of mercury, probably combined in a double salt 
This solution, when boiled and evaporated, yields a white precipitato ; on addition of 
lead-salts, a yellow precipitate ; with sulphide of potassium, a grey, insoluble 
pound. Sidphydric ocfW decomposes it completely, forming sulphide of mercury ww 
of ethyl. Dilute hydrochloric acid dissolves it slovny at the boiling 
and deposits it agmn on cooling in Ratals having a strong lustre. Strong nitric acid 
decomposes it, with violent evolution of nitrous vapours, forming a solution frW® 
^'bich water throws down ii colourless oil,’ Metallic lead immers^ io tho 
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It tliroMTs down metallic mercury and forms sulphide of ethyl, sulphide of lead, and 

^ ' i ’*"!mSimd of sufphethylate and chloride of mercury^ (C*U*)*IIg"S^.Hg"Cl*, is 
• on mixing an alcoholic solution of mereapUin with mercuTic chloride, as a 
r'^bulky precipitate, changing after a while to a mass of crystalline laminse. It 
^ 1 1 spiiringly soluble in water and in ether; boiling alcohol dissolves it somewhat 
and deposits it in thin erysUillin© lainin® ou cooling. (Debus.) 

^ Sulphf lhiflate of Methyl, CTDS « C'W.CH^S. —This compound, the analogue 
rtf Williamson s ethylmethylic etlu*r (p. 642), is obtained by licuting a mixture of 
t ’ithylicdisulphophosphate witli twice its volume of methylic alcoliol in a sealed tube 
15U® 0., care being taken not to exceed that temperature. The reaction is complete 
*n » fe'*' hours, the tube then containing a brownish ethereal liquid, which is nearly 
piiw sulphethylate of methyl, and a nearly colourless, vitreous mass, consisting of 
diethylic aulpliophosphate: 


PS 
(C-U*)*} 




CWlr, C‘IP) 
H p “ Cll% 


PS 

(C'IP)2 




The reacH(jn is always attended with the formation of secondary products, result- 
ing chiefly from the decomposition of the diethylic siilphophospliate. 

Sulphethylate of methyl, purified by rectification, is a colourless, very mobile liquid, 
haviii^an odour more like that of methylic than of ethylic sulphide. It boils at 68*8° 
— 6y-5° 0. (corrected) under a pressure of 787 mrn. Vapoiir-deiisity, observed = 2*609 ; 
fiilculated = 2*6258. It forms crystalline compounds with metallic chlorides. Its 
i,K’(holic soluti^m, mixed with alcoholic mercuric. chh>ride, forms a precipitute consisting 
uf small scales having the composition C®lPS.Hg''CR ((.lari us, loc. cit.) 

Sulphet kylfilr of Platinu m, (C‘'‘IP)''*Pt/'8*, is a light yelU)w,. muddy precipitate, 
(ihtained by mixing the alcoholic solution.s of lueivaptaa uiul dichlorido of phitiiiuni, 
the latter not in excess. 


Sutphi thy late, of Potassium is produced by the action of potassium on mer- 
ciiptan i^sulpliethylato of hydrogen). It is a dull white granular mass, very soluble in 
water, less soluble in alcohol. It may be heated considerably above 100° C. without 
ilocoiii posing, but a very strong heat carbonises it Its aqueous solution likewise de- 
coniposos and blackens on exposure to tho air. Hydrochloric and dilute sul'phuric acido 
dccoiupose it, with brisk elfervescenco. Tho recently prepared aqueous solution pre- 
cij iialcs Itad-salts, yellow in the cold, white on boiling. The piirtially deconj|Hwed 
solution forms a brick-red precipitate with silvir-soUs. 

phcthylate of Silver the white precipitate formed on adding nitrate of 
silver to the aqueous solution of mercaptan; but it appears always to retain a portion of 
nil rate. 

Sul phfthylate o f Sodium, — Prepared like the potassiuin-salt. Dissolves easily 
ill water, forming an alkaline liquid. 


Ziisds Indifferent SulphuntUd Oil, 

Zeiso, in preparing the sulphur- compounds of ethyl, obtained, on several occasions, a 
I ‘cnliar oil, which ho sometimes distinguishes by tJic epithet mdifferent, and which 
differs from protoeulphide of ethyl, from mercaptan, and from disulphide of ethyl. 

Tliis oil is fornual in small quantity in the preparation of mercaptan from sulphydrate 
of barium and an ethylsulphate, and consequently the mercaptan requires to be purified 
Ir'ini it. In the p>reparation of disulphide of ethyl from disulpdiide of barium and an 
ethylsulphate, small quantities of this indifferent oil likewise pass over with the disul- 
phide of ethyl. It is however obtained in great e.st abundance, mixed with about -/i- mer- 
vaptiin. by distilling 1 at. protosulphide of barium wdtli a concentrated solution of 1 at. 
ethylsulphate of barium. The mixture becomes turbid at 60^ C., then gummy and covered 
^ ith scum ; at the end of the distillation, nothing remains but sulpliate of barium. If too 
niuoh water bo added, the whole of the oil remains dissolved in the watery distillate. The 
C'dv mixture of this indifferent oil and mercaptan wliich passes over with the watery 
distillate (which is free from alcohol) begins to boil at 70" C., but the boiling point 
gr-'idually rises to 102°; by repeated fractional distillation, it may be separated into a 
Jiiore volatile portion, the mercaptan, and a less volatile portion, the ir lifferciit oil. 

hitter may be freed from the last portions of mei'captan by agitation with water 
yiiu oxide of lead, and from water hy riK^tiflcation over chloride of calcium. It is a 
i-diisparent, colourless, neutral oil, of specific gravity. 0*8449 at 18^ C. Its odour ro- 
Ji'mbles that of mercaptan, but is weaker and less ethereal. It bums with a redder 
"«nie than mercaptan, producing a larger quantity of suli>hurous anhydride. It is more 
Bolable in water than mercaptaji. Its alcoholic solution produces no turbidity in lead- 



or mercm^-ealts. It contains 22-3 per cent, carbon, lO ? bydrogeij, and 28*0 gnlni, 
approximating to the formula C‘*H”SO* « mercaptan + 3 at water. 

stbtxn TSXiXiinfcXBa or. or TBuuRSTHn. c^H«*Te o. (cni^n 
Tdlurhydric or Hydrotellurio Ether. (Wohler, Ann. Ch. Pharm. xxxt. Ill • 

69.-— Mallet, ibid. Ixxix. 223 ; Chem. Soc. Uu. J. t. 71.) — This compound is 
by the action of telluride of potassium on ethylsulphate of potissium : 

2(C*H*.K.SO*) + Krre 2K*SO* + (C*IP)*Te. 

Preparation. — Telluride of potassium is prepared by mixing 1 pt. of tellurium 
powder with 10 pts. of burnt tartar ; introducing the mixture into a porcelain retort 
'fitted with a glass tube bent downwards at right angles ; heating the retort to redness for 
three or four hours — as long, imleed, as carl)onic oxide continues to escape ; and 
introducing the end of the bent tube into a flask filled with carbonic anhydride, to prevent 
access of air. As soon as the inixhire is quite cold, a concentrated solution of ethyl- 
sulphate of potiissium (3 or 4 pts. of the solid salt to 1 pt. of tellurium) prepared with 
water freed from air by boiling, is poured into the retort, whicli is then tiglifly corkeil- 
and the whole hoatcsl for some time, with constant agitation, to 40® or 60®. The result- 
ing purple solution, together with the undissolved portion, is then quickly poured into a 
flask previously filled with carbonic anhydride ; the retort again filled with the sumo {rns; 
a small quantity of the solution of ethylsulphate poured into it (a portion havinj: Im 
kept back fortlie purpose); the retort again closed; and the digestion repeated. Thesj 
precautions are necessary to prevent los.s of telluride of potassium by oxidation. TIk 
flask is then connected with a condensing tube and receiver, and the mixture kept con- 
stantly in a state of gentlo ebullition. The flask then becomes filled with the yellow 
vapour of tollurcthyl, and that compound distils over, together wilh water, in whicli ji 
sinks in drops, finally, when about J of the monotellurido of ethyl has passf-d over 
a small quantity of ditelluride is likewise obtained, differing from the former by its black 
red colour. 

Properties. — Tellurethyl is a deep yellowish-red liquid, heavier than wabT, and boll 
ing below 100® C. It bus a strong, very persistent, and cxtremoly disgu>tiiig odtjiu 
like that of sulphide of ethyl, or telluretted hydrogen. It appears to bo very poisojiMiu'i 
Its vapour has a deep yellow colour. It is but sliglitly soluble in water. 

Pecoinpositions , — Tellurethyl is very inflammable, and burns with a clear wliite f!jmn 
bordered witli light blue, giving off thick white fumes of tcdlurous acid. It rem.iiii! 
unaltered under water, but when exposed to the air becomes covered with a yellowish 
and afterwards with a white film, and is ultimately converted into a white eartliy mav; 
In sunshine this oxidation takes place much more quickly, and is attended with slinh 
fuming; but no fire is produced, even in oxygen gas. Tellurethyl, treated witli nitri 
aerid^ causes violent evoUition of nitric oxide, and forms a solution from M'hidi a(pi(*i'i; 
hydrochloric acid tlirows down a heavy colourless oil (Wohler.) 

Combinations . — Tellurethyl exhibits tho properties of a diatomic radicle, unitin; 
with chlorine, oxygen, and acid radicles in general to form salts. Tho nitrate t 
obtained by treating tellurethyl with nitric acid; the other salts by double dceonipofji 
tion. 

Bromide. C^H'®TeIlr^ — ^Whon a solution of the nitrate or the oxychloride of tol 
lorethyl is mixed with hydrobromic acid, the bromide separates in the form of a pale 
yellow, very heavy, inodorous oil. 

Ch I oridc. C^H’®TeCl’*. — Obtained by mixing a solution of the nitrate, not contain- 
ing a great excess of nitric acid, with strong hydrt)chloric acid in a narrow cylindru^l 
vessel. The mixture becomes milky at first, and after a wliilo the chloride sinks to the 
bottom, in the form of a heavy oil. It may he washed with water, though it w sonie- 
what solublo in that liquid, and also in strong hydrwhloric acid. When the laihT 
solution is evaporated at a gentle heat, the chloride separates in oily drops (Wtinlcr, 
Mallet). The chloride is also precipitated as au oil on adding hydrochloric or sub 
phuric acid to a solution of the sulphate or oxychloride. (Wohler.) 

. . Transparent and colourless oil, heavier than water, and having an unpleasant oaotir. 
May bo aistilled without decomposition, but appears to have a very lii| 5 h boUing-poinb 
for when distilled with water it passes over very slowly. Oxide of silver decomposes 
this compound, convejrting it into oxide of tellurethyl. (Mallet.) 

Fluoride, — Hydr^uoric acid, added to solutions of the oxychloride, throws down 
fluoride of tellurethyl, while a soluble fluorine-compound remains in solution 
be crystallised by evaporation. The same compound is obtained by treating oxide 
tellurethyl with hydrofluoric acid. (Wohler.) 

Iodide. C^H'*TeP. — Formed by mixing a solution of the nitrate, 
oxybromido with hydriodic acid, or by supersaturating the chloride ^.th 

iodide separates in the form of a very Wautiful orange-coloured prediatate, wnW" 
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. n ^ed ft>rms an ocangc-yellow powder. . Heated in water, it melts ut 
^hon heavy yellowish-red Mouid, which, on cooling, solidifies to a yclbwish-red, 

G. to a Which, like mica, may be very easily broken in the 

ppjique, sc Dissolyes sparingly in water, but readily in hot 

which it crystallises in long, thin, orange-yellow prisms. Wlien heated 
ilcohoi, it decomposes, yielding a yellowish-red oil, a black sublimate, 

tbove iis ^^.jiurfuin. If a partially decomposed solution of hydriodic acid be used 
reparation of this body, an almost blood-red precipitate is obtained, most 
'M containing a higher iodiae. 

i;itratc, C'H*"Te.(NO“)* - Obtained the form of a white, 

talline mass by dissolving telhirethyl in moderately strong nitric acid, and evapo- 
to dryness at a gentle heat. This salt burns away like gunpowder wdien heated, 
putolves readily in water. Alkalis added to the solution form no precipitate, be- 
the oxide of tellurethyl is soluble in water. Sulphurous acid separates telliir- 
^thvl in dark red drops. Sulphuretted hydrogen throws down the sulphide (p. 283). 
IJj?iroelilorie acid precipitates the chloride. (Mallet.) 

Oxalate (basic). ^ by digesting the oxychloride with 

water and excess of silver-oxalate. Short, transparent prisms, sparingly soluble in 
wiiter with acid reaction. When heated, it melts, boils, gives off tellurethyl, forms 
a (TYsfalliue sublimate, and leaves a residue of tellurium. 

yet obtained in a state of purity, it.s isolation being always 
atl.nded with partial decomposition. It may be obtained: 1. By direct oxidation 
wt 1 ho alcoholic solution in the air; the process is however very slow and does not 
artord a pood mode of preparation (Mallet).— 2. By treating the eldoride immersed 
in water. with recently precipitated oxide of silver, which iianiediatcly acts upon it with 
>t.(mtanoous evolution of heat, and is eon\ ertod into chloride, 'i'he liltcred licpiid is 
im aqueous solution of oxide of tellurethyl free from silver and cliloriiie. By evapora- 
tion sit a gentle heat, the oxide is obtained as a white mass, having a very distinct 
mslallitie chiiracter (Mullet).— 3. Wohler, by digesting a solution of the crysial- 
IIm d oxychloride with recently precipitated oxide of silver, found that chloride of 
silver w’as immediately formed ; but the liquid did not filter well, the excess of oxide 
.jf silver nuiuing through. On evaporating it in the water-bath to a syrup, it began 
t.i sinidl of telluri'thyl, and the undissolved matter turned black. On dilution with 
wnttr, it filtered clearly, but the solution, when again evaporati^d to a syrup, emitted an 
ii'lour of Icdliirethyl and begun suddenly to give off a gas (carbonic anhydride ahsorbed 
tri'jii tilt* air) with effervescence. — 4, A solulioii of the suljihate was decomposed with 
a iiot saturated solution of baryta- water, the exceK.s of l)aryt<i removed hy carbonic 
ac'itl, the liquid heated some time to expel the carbonic acid, and then filtered. Iho 
Solution, when evaporated over the water-bath, smelt constantly of tellurethyl, and, as 
^<'•'0 as it was brought down to the consiHleiice of a syrup, gave off gas witli efferN’os- 
'fin* same evolution of gas was .subsequently produced in the cold mass by 
sfirriijir it. The synij) residue exhibited siirns of crystallisation. (AVdhler.) 

Tile erystalline oxide obtained by Mallet decomposed wlien lieated in a tube, yicld- 
iiur Tiicl.dlic tellurium and an oil having a very offensive odour. In the air it burned 
with the Idue flame of tellurium (Mallet). — The solution of the oxide has an alkaline 
naetion, anil wlien mixed with hydrochloric acid, yields chloride of tclluri‘thyl in 
colourless oily drops (Wohler, Mall et).— Yields a crystalline salt with nitric acid. 
(Wohler.) ^ ^ ^ 

Oxyhromide. (C'fl"'Te)=|^ _C'n'*TcO.C‘H’»TeBr».— Obtained by dissolving 

tbe bmniide in ammonia. Crystallises in shining, colourless prisms, of the same form 

the oxychloride. 

Oxychloride. (C'fl'*Te)’|^’ = C‘H'*TcO.C‘n'«TcCr.— Obtained hy dissolving 

till' cliloriOc in cavistie ammonia or potash, and evaporating the solution till it crystd- 
li!*(’S. It is better to add ammonia, because an excess of it decompose tta 

product. The salt crystallises easily as the excess of ammonia evaporates. The 
tofither-liquor contains sal-ammoniac or chloride of potassium : 

2C^H»®TeCl* + K O «. 2KC1 + C"H**TeO.C^H*freCl*. 

Colourless, highly lustrous, six-sided prisms, soluble in water and alcohol; a solution 
of the compound in hot alcohol yields very beautiful crystals. 




On y iodide. (CW'Te)* - C‘H»TeO.O‘H>TeI*.— Obtained by diasolTiag the 

iodide in ammonia and leaving the solution to evaporate spontaneously. Crystallines 
readily as the ammonia volatises, in pale-^clIow transparent prisms, isoniorphoM 
with the corresponding chlorine and bromine compomids. These crystals bytome 
orange-yellow on the surface when oxposetl to the air. They are but sparingly soluble 
in pure water, but dissolve freely in water containing excess of ammonia. Hydro, 
chloric acid added to the aqueous solution throws down a heavy, yellowish-red mixture 
of chloride and iodide of telluretliyl. Sulphuric acid throws down the orange-yellow 
fodide ; and hydrocliloiic acid added to the filtrate separates the colourless chloride. 
Sulphurous acid precipitates from the solution of the oxyiodide an easily fusible, senh^ 
solid mixture of tellurethyl and the iodide. 


Sulphate, by adding a hot, neutral, saturated sfjlu, 

tion of sulphate of silver to a solution of oxychloride of tellurethyl, as long as auy 
chloride of silver is formed. — Crystallises in groups of small, short, colourles.s prisnis, 
easily soluble in water. Sulphurous acid precipitates from its solution a yellow oily 
body, of a most disagreeable odour. Chloride of barium tlu’ows down sulphate of 
barium and reproduces the oxychloride. 

Sulphide, C‘H’®TeS.— Sulphuretted hydrogen passed tlirongh a solution of the 
nitrate tlirows down an orange-coloured precipitate, which on heating the liquid ukIis 
into black drops, (Mallet,) 


Telluride of Tellurethyl or Bitelluride of Ethyls C*H‘®Te\ — This com- 
pound was first obtained by Mallet in endeavouring to prepare telluric mcrcaptujj by* 
saturating an aqueous solution of tellurido of potassium and ethylsulphate of bmiuiii 
with teUuretted hydrogen, and distilling. At first nothing but tellurethyl passed over; 
but on applying a stronger heat, another liquid distilled over, having a much greater 
density and higher boiling point, and bo deep a red colour, that, even in small (juan- 
tity, it appeared black and opaque like bromine. It likewise possesses an extrcimly 
offensive odour. (M a 1 1 e t. ) 

The same compound is obtained in small quantity in the piTparation of tellurethyl 
by the method given on p. 650. When about ^ of the tellurethyl has passed over, a 
small quantity of the ditelluride likewise distils over, distinguished by its deep rod 
colour. (Wohler.) 

STBY&ACBTAlMrxx>lS. -Discovered by Wurtz 

in 1860 (Ann. Ch. Phys. [3] xxx. 491; Compt. rend, xxxvi. 180). It is obtained: 
1, By adding acetate of ethyl to aqueous ethylamine, and evaporating, first over the 
water-bath, then in vacuo : 


C=H*0.CW,0 + N.H*.C*H» « N.H.C*H®C‘H»0 + C*H*0. 

Acetate of ethyl. Ethylamine. Ethylacdtamidc. Alcohol. 


% By the action of cyanate of ethyl on glacial acetic acid : 

C»H»O.H.O + N.(CO)".CW « N.H.eTI*C*H*0 + CO\ 

Acetic ucld. Cyanic ether. Ethylacetaraide. 

It is a colourless, syrupy, uncr^tallisable liquid, which boils at 200® C., distilliiu 
almost without decomposition. It is decomposed by potash, yielding ethylamine anc 
acetate of potassium, and by phosphoric anhydride, with separation of carbon. 

BtUyldlaoetamlde. C«H"NO* - N.C^H®(C»H=‘0)\ (Wurtz, Ann. Ch. Phys 
[3] xlii. 43.) — Produced by heating cyanate of ethyl with acetic anhydride in a sealw 
tube to 180®-~200® C. ; 

+ N.(CO)".C*H» - N.C='H*.(C*H»0)« + CO*, 

It is a colourless liquid of specific gravity 1*0092 at 20® C. 

BTSnAJMtZBB, SyU. with BruriAttiNA 

WBTBAMSirBS and BTSnABEMOirztrMS. ^ Organic bases formed on 

the types NH* and NH* respectively, by the substitution, more or less comiile^^®^ 
ethyl for hydrogen, viz. ethylamine, N.H*.C*H'; diethylamine, N.H.(C*H*1*; tnethym- 
litiae^ ; and tetrethylammonium, N(C’*H*)*. The first three d these no®* 



, jjijjli are formed 6tf the ammonia type, are known in the free state, and, like 
^uitc directly with acids, forming salts which may be regarded as analogoui 
*”'wmi>osition either to hydrochlorute of ammonia or to chloride of ammonium, e. g , : 

TTvflroehlorate of ethylamine ) J Chloride of ethyhimmonium 

(N.IP.CTI*).HC1 \ } (N.IP.C^K*).C1. 

Xmitral sulphate of ethylamine ) J Neutral sulphate of ethylammonium 

J } (N.CnP.IP)2.SO^ 

Neutral phosphate of ethylamine ) ( Neutral phosphate of ethylammonium 

} (N.C‘^HMP)»rO\ 


Tetrethylammonium, on the other hand, like other ammonium-bases (i. 194), is not 
Vn(»wninthe free state, and its salts cannot be referred to the ammonia type, ex- 
vp.inc by regarding them as comi>ounds of triethylaminc with chloride, sulphate, &c., 
rAthvl (‘•9- iodide of tetrethylammonium N.(C‘-*H*)M « iodethylate of triethylamine 
>• (C’K*)’.C'II*L They are, in fact, produced by the direct combination of ethyl-salts 
vith triethylamine ; hut their chemical reactions are most simply represented by re- 
■r;i fling them as ammonium- not as ammonia-salts. 

^ I’hero lire likewise ethyl-bases containing methyl, amyl, phenyl, &c., as well as 


ethyl 

Sthylamlne. C^IPN 


Nj H. Ethglammonia, Ethylia. (A. Wurtz [1848], 


Conipt. rend, xxviii. 223 and 323 ; Ann. Ch. Phys. [3] xxx. 413.) 

Formtion. — 1. By the action of potash on cyanato or cyanurate of ethyl (Wurtz) : 


('y.inate of Hydrate Ethylamine. Carbonate of 
elliyl. of potassium. potassium. 

6Kno » 3[Njc.H\] + afl'So’J 

Cyanurate of 
ethyl. 


I:i the ease of eyanuric ether, however, the transformation into ethylamine docs not 
r:.:kc [tlace at once, as the preceding equation would indicate ; but by three successive 
St' ps ciioli consi.sting in the assimilation of a molecule of water and the elimination 
' t :i ninh'ciile of cari)oiue anliydridc, the intermediate products being an indifferent 
Oiiv body, first observed by Hubich and Limpricht (p. 293), and hydrate of triethyl- 
Ciirliotriamine : 

C«TT'*N^O» -1- H O - C02 « C"IT‘’N02 

Cyanurate of IndifftMent 

ethyl. body. 


C^H'^N’O* + IPO - CO* - C^H>«N»0 

Indiffereut Hydrate of tricthyl- 

body. carbotriamino. 


C»H‘»N»0 + H'O - CO* « 3C*H^ 

Hydrate of triothyl- Ethylamine. 

carbotriamlue. 


I’ho same products are sometimes obtained by the action of ethylate of sodium on 
2^284**)^ of ethyl, and sometimes on the cyanate. (Hofmann, Proc. Eoy. Soc. 

2- By the action of potash on ethyl-carbamide (ethyl-urea) (W urtz) : 


((CO)" 

N*^ C“H» -p 2KHO 
( H» 


n| n + NH* + {o>; 

(C=H* ^ > 


ajd Similarly according to Tuttle (Ann. Ch. Pharm. ci. 288), by distilling a mixture 
® ttrea, ethylsulpbate of calcium, and caustic lime, or a mixture of cyanato of potas* 
^^^‘jlsulphate of calcium, and slaked lime, 

j action of ammonia on various ethylic ethers, vi^. on the bromide ot 

(Wurtz ; Hofmann, Chem. Soc. Qu. J. liL 300) ; 


C*H»Br -f NH» « C*H*N.HBr; 

chloride (Groves, Chem, Soc. Qu. J. xiii. 331), phosphate (De Clermon^ 



Ann, Ch, Phyfl. [3] xliv. 335), nitrate (Jnneadella, Compt rend. xItuL 
sulphite (Oarius, Ann. Cb. Pharm. cx. 209). H 

A By heating chloride, bromide, or iodide of ammonium with alcohol or • 
sealed tubes (Berth el ot, Ann. Ch. Phys. [3] xxxviii. 03): 


+ NHKJl - + KPO 

gg’jo + 2NH-C1 = N.HCl] + H’O 


6. By the decomposition of sulphrthamic acid, that compound being rosoly*^! !)Y 
heat into ethyUmine, sulphuric acid, and probably alcohol and isethionic acil 
(Strecker, Ann. Ch. Pharm. Lixv. 60.) 


C"H**NS*0» + 211*0 

Sulphethainlc 

acid. 


* C^II^N + H^SO^ + 

KthyU. Sulphuric 

mine. acid. 


2C'‘H*0 + C'lPSO'. 

Alcohol. Isetuioiiic 
acid. 


6. Cyanide of ethyl left in contact for some time with hydrochloric or sulplniric 
acid, yields a salt of ethylaniiue, just os cyanide of hydrogen treat etl in the siiiurt 
manner yields a salt of ammonia. (E. Moyer, J. pr. Chem. Ixviii. 279.) 

7. White precipitate (NiPllg''Cl) heated with iodide of ethyl fonrhs a doiiljlo 
chloride of mercury and ethylammonium, a corresponding double iodide, and otlur 
compounds (p. 635). 

Preparation. — 1. By decomposing cy ana te of ethyl with potash. The action 
takes place at ordinary temperatures, and is attended with great evolution of Ik mI; 
hence it is host to mix the liquid.s in a bottle liaviiig a well ground stopper, wlticli 
must ho tightly secured, and to cool the bottle externally. The decomposition is c.-n- 
plete in about five minutc.s, tho vessel then containing nothing but etli 3 'lajniuc ami 
carbonate of potassitirti. The liquid i.s then distilled, and the vapour of ethy]:injiin» 
pas.sed into a receiver containing a little water and cooled externall 3 \ To ol'tain tho 
anhydrou-s base, tho aqueous solution thus formed is saturated with lij'droehloric : 
and the hydrochlorate of ethylamine crystallised by evaporation, thoroughly drit'd. mi l 
gently heated with twice its weight of quick lime in a long glass tube, closed ;il on- 
end, the mixture occupying the lower half of the tube, while the upper half is lilltd 
with fragments of caustic potash to dry the vaj)our of ethylamine as it is cvolvid. 
Tho dry vapour then passes through a delivery-tube into a small flask or U-tiibe sur- 
rounded with a freezing mixture, and is there condensed to a liquid. (Wurt?:.) 

2. By the action of ammonia on bromide of ethyl. Strong ammouiu iS 
^closed, together with excess of bromide of ethyl, in a combustion -tube two tVft 
long, and the sealed tube is imracr.scd in boiling M*ater. Decomposition takes plaiv 
quickly, witli ebullition, and is complete in about a quarter of an hour, its completioJi 
being indicated by the volume of the bromide of ethyd remaining constant in.'^tcad ff 
diminishing. The tube then contains liydrobroinate of ethylamine, from which tlu* 
base may be obtained by distillation with potash or lime. (Hofmann, Chcni. >S>c. 
Qu, J. iii. 300.) 

3. By heating iodide of ethyl wdth ammonia in scaled tubes. The action oi 
this case is more complicated tlian when tho bromide is used, the formation of icduw 
of ethylammonium being accompanied by that of iodide of ammonium, and of the 
iodides of di-, tri-, and totrethylanimonium, as shown hy tho following equations: 


cm^i 

+ 

NIH 

- (N.OTP.IP)I. 

Iodide of ethylatniDonium. 


2cm^i 

+ 

2NIP 

= [N.(Cm»)®IPlI. -h 

Iodide of dietliyiammnnium. 

NH*I. 

3C*HH 

•f 

3NH» 

[N.(CHP)».H]I. + 

Iodide of tricthylammunium. 

2NH‘l. 

4C»HH 

+ 

4NH» 

« [N.(C»H»)^I. -h 

Iodide of tctrethylBmmoniun). 

3ini<I. 


This mixture of iodides distilled witJi potash, yields a distillate consisting pf 

ethylamine, diethylamine and tricthylemine(thc hydrate of tetrethylHinmonium 

at the same time being resolved into triethylamine, water, and 

which it is impossible to separate completely by fractional distillation. ThP 

may however be effected by subjecting the mixture of bases previously debjdwea* 

the action of oxalate nf ethyls by which the ethylamine is converted into dietnyw^ 
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•I Hid the diethylanune into diethyloiamat© of ethyl, while the trielhylaroine 


(C^oTfo* 

(c*H*)‘r 

Oxalic ether. 

(C'0*)”(o« 


Rthylamlne. 

( H 

Diethylamine. 


((0*0’)'' 
NM(CW)* 
( H* 

Dlethyl- 

oxamide. 


T\o- 


Diethyloxamate of 
ethyl. 


On distilling the product of this reaction at the heat of the water-bath, tho triethy- 
l imine which has not been acted on, passes over pure. Tho residue consists of a fibrous 
mass of dicthyloxamido saturated with an oily liquid, which is diethyloxamate of ethyl. 
On submitting this mixture to the action of boiling water, the diethyl oxamide dissolves, 
.■ml tlio dietliyloxamate of ethyl remains as an insoluble oily layer floating on the hot 
s vlution, fivmi which it may be separated by a tap-funnel. Tho diethyloxamido crys- 
t alias from the aqueous solution on cooling, and wlieii distilled with potash, yields 
pure ethylamine : 

k>{1c’h? + 2 Kno » 2 Njcm* ^ (WTjQ, 

niHhyl- Ethylamlne. Oxalate of 

oxiiinido. potassium. 

Tim oily liquid sen'cs for the preparation of diethylamine, p. 559. (Hofman n, Proc, 
li -y. Soo. xi. 66, 526.) 

l-’rom nitrate of ethyl. Nitric ether is mixed with twice or three times its 
V,-. ii/it of al:i, solute alcohol previously saturated with amrnoniaeal gas ; the mixture is 
1: iit( d to 100*^ C. for two days in a sealed tube half filled with it, then distilled with 
rxci>H of i)ot;ish ; the vapours which pass over are received in hydrochloric acid ; and 
f-hloi’itlo of ethyl-amTnoniiim thus formed is separated from chloride of ammonium 
! v ‘■olutiOn in aleohol (Juncadclla). According to Carey Lea, nitrate of ethyl 
I ' utfi.l with ammonia yiidds dietliylamine and a small quantity of triethylamine, as well 
ii** ctliylumine. To separate tlieso iDases, he distils the contents of the tube with potash ; 
nveives the vapours in dilute sulphuric acid; dissolves out the sulphates of the otliyl- 
1 witli aleohol, wliicli leaves sulphate of ammonium undissolved ; then converts 
into picrates ; and separates tho picrates of ethylamino and diethylamine by 
r pt'iit'Hl (Tvstallisatlon, the ethyhnninc-salt being the less soluble of the two. The 
'I’Kiritify of triethylamine produced is too small to interfi’ro with the process, unless 
b:(' iiMolion is condnct<’d in a particular manner to be afterwards described (p. 559). 
fi’C' j'lrrafcs of etliylamine and dietliylamino are decomposed by hydrochloric acid, 
-'i!:-! the bases are obtained Ijy distillation with j)otash. (Chemical New^s, v. 118 ; Il6p. 
I’iiiiM. pure, 1862, p, 289.) 

■ ~ Anhydrous etliylamine is a transparent, colourless, very mobile, luflam- 

lo liquid, of specific gravity 0*6961 at 8^ C. It does not solidify at the tempera- 
'"I’t of a mixture of solid carbonic acid and ether. Boils at 18*7° C. (Wurtz), 

' ; p-^ur dersity at 43® and under a pressure of 773*01 mm. = 1*5767 (Izarn). It has 
:i very jiungcnt amraoniacal odour, a strong alkaline reaction, and is highly caustic, a 
j'TiKill drop of the concentrated aqueous solution placed upon the tongue producing a 
Jirning pain and acute inflammation. It forms very dense white fiimo-s with hydro- 
piloric aeid gas, and makes a hissing noise when strong hydrochloric acid is dropt 
(Wurtz.) . . ’ . 

lidiylamine mixes with water in all proi^ortions, the mixture being attended with 
eMisi\lor.!b]o rise of tompenitiire. The solution is distinguished from a^iueous ammonia 
^ certain degree of viscidity. By continued boiling, the whole of the ethylamine 
may W expelled. 

Ihe solution of ethylamine exhibit-s, with many metallic .salts, reactions similar to 
of ammonia. It is however distinguished from ammonia by redissolving the 
r^cipitates wliich it forms with solutions of aluminium (Wurtz), gold^ and ruthenimn 

J^ca), and by not redissolving those which it forms with salts oi cadmium^ • 
1 The precipitate formed with cupric salts is less easily soluble in 

^‘nylumine than in ammonia (Wurtz). With stannic chloride, ethylamine forms a 
Palpitate very soluble in excess, whereas that formed by ammonia dissolves but 
o^ly in excess of that alkali. The precipitate formed by ethylamine in gold^s\\\\^ 
l»ut little resemblance to fulminating gold : it is decomposed by heat, but without 
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detonation (CareyLea). Diehloride of platinum is not i mmodiately precioitaM 
ethylamine from a moderately concentrated solution (Wurta). ^^8phomLu\ 
forms, with solution of ethylamine, a yellow precipitate like that with ammonia 1 
more soluble (Meyer). ^ ^ 

Decompositions ,— Etliylamine vapour passed through a red-hot porcelain tnU 
resolved into ammonia, hydrocyanic acid, hydrogen, and a small quantity of a hvd 
carbon. — 2. On the approach of a burning body, it takes fire and bums with a yellow! 
flame. — 3. Iodine decomposes the aqueous solution of ethylamine, forming hyilnochS 
ethylamine and diniodethylamine, which cannot be distilled without deeom 
sition ; ^ 

2C‘^H’N + I' = HI + C=H»N.III + C='(H»P)N. 

Bromine and chlorine act in like manner. 

4. nitrous acid decomposes ethylamine, with formation of nitrous ether and fr 
nitrogen : 

« C-H\NO‘^ + H'-'O + N’, 


An easy way of exhibiting this reaction is to drop a crystal of nitrite of potawlu 
into a solution of hydrochlorate of ethylamine, mixed with an equal volume of hvdr 
chloric acid. A small quantity of yellow aromatic oil is formed at the same time. 

6. With chloride of cyanogen ^ ethylamine acts like ammonia; thus : 


2(N.C^n\H*) + CN.Cl = (N.OTP.H2).HC1 + N.CN.CTIMf. 

Ethylamine. Chloride of Hydrochlorate of ^ CyunethylamiH*, 
cyanogen. ethylamine. / 


6. With cyanic acid it forms ethyl -carbamide ; 


N 



+ 


i IP 


((CO)" 

( H* 


nud with cyannte of ( thi/J, dicthylcnrbaniido : 


((CO)" 

C'H* 




le 


7. Oil of onustard (sulphocyamite of allyl) converts ethylamine into tliiosineflnii 

mine, (Hinterberger, Ann. Ch. Plmrm. Jxxxiii. 340.) 

8. Por the reaction of etliylamino with dihromidc of ethykne^ seo Ethylt,m;« 
Basus. 

^ Salts of Etbylamlne. Ethylamine is a strong ba.se, neutralising acids as com- 
pletely as ammonia, and eipelling ammonia from ummoniacal salts. Most salts of 
(•thylainino arc eavsily soluble in alcohol, a property by whitdi they are distingui.slie l 
from salts of ammonia. Hence, when the two bas('.s occur togi'ther, they ni;iY 1 
separated by converting them into chlorides or sulphate.s, and digesting the (Irld 
residue in strong alcohol. According to Meyer (J. pr. CJjcni. Ixvii. 147), the .<e[»aiM- 
tion is easily effected by treating the mixed bases witli excess of tartaric acid, and 
evaporating ; acid tartrate of ammonium then crystallises out, while tho ethylaiiiinc" 
salt remains in the form of a syrup, easily soluble iu alcohol. 

Acetate of Ethylamine. — When ethylamine vapour is passed into a ve.s.sel con- 
taining glacial acetic acid and surrounded with ice, the salt is obtained in the form -d 
a very aelique.scent, cry.stallino mass of dazzling whiteness. Phosphoric anhydride 
chars it rapidly, but does not give rise to the formation of any compound analogous to 
acetoni trile. ( W u r t z. ) 

Bromhydf'atc or Hydrohromate of Ethylamine^ C'H’N.HBr, or Bromide 
of Ethyl ammo niurn^ C'WN.Br. — This salt is produced : 1. By the direct coinliDJi- 
tion of ethylamine and hydrohromic acid. — 2. By tlie action of brorniuo on aqueous 
ethylamine (Wurtz). — 3. By the action of bi’omide of ammonium on alcohol or ether 
(Bor the lot, p. 653). — 4. By the action of ammonia on bromide of ethyl It is 
talline, and gives off ammonia when distilled with potash. 

Carbonate of Ethylamine. — Wlien hydrochlorate of ethylamine is carefully dis- 
tilled with carbonate of sodium, both being thoroughly dry, carbonate of etlwlanu®® 
passes over, and condenses as a crystalline mass saturated with a viscid hquid, vhose 
solution has a strong alkaline reaction. It has an ammoniacal odour, gives oC 
ordina^ temperatures, vapours which turn reddened litmus blue ; is very deliqn^“|» 
and dissolves the basic carbonates of copper and zinc. The analysis of this 
yielded quantities of carbon and hydrogen greater than are required by the 
of acid carbonate of ethylamine, C'-'H’N.H.CO*. 
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, go-callc^i anhydrous carbonate of ethylamine^ obtained by passing 
I -*®^!wfvdride into anhydrous ethylamine. see below. 

Lrbomc ^ Hydrochlorate of Ethylamine, C'*H’N'.HCb or Chloride 

C’^/ofsy CWN.CL — Formation similar to that of the hydrobromato. 

If ^*gjitiirating with hydrochloric acid the aqueous solution of ethylamine, 
pivpirea t Lyed by distilling cyanic acid with potash. On evaporating to dryness, 
IS 0 boiling alcohol, and cooling the solution, the salt is 


ini nr. 
M’illl' 


1 iiirni ciystalline lamiiiJe. From the aqueous solution it crystallises in 
^^'rtnis.^ Fuses between 76° and 80° C., and solidifies on cooling in a somi- 
crystallino mass. Gives off vapours at a high tenij^eraturo; boils between 
trinq'aiYl^;,Qo . if then left to cool, solidifies in a milk-white, amorphous mass, 

rlthi"- is above 260°. The crystals are very deliquescent. On treating 

solut ion \nth amalgam of potassium, hydrogen is given oflT and a solution 
(Wurtz.) _ 

" ('Unro-aitraf'\ CMPNCl.AuCl*. — Obtained by mixing tlio aqueous solutions of 
v/jrwhlnrsitc of ethybnuine and trichloride of gold. Forms very fine, golden-yellow, 
itiiMTvstals, soluble in water, alcohol, and ether. (Wurtz.) 

Chl»ro^i< r<'iirati', C^IPNCLHeCl, or (Cai'NCl)Orir"CI»— Obtained by mixing 
fVr i lUHnis solutions of corrosive sublimate and hydrocliloratc of ethylamine in equi- 
iViit quiintities. Crystallises more readily than the corresponding salt of methyla- 
* b!it I'onns smaller crystals. From the alcoholic solution it is deposited in small 
sralo.^. (Wurtz.) 

Chlnrif/r if FAhtfl ammonium with Cyanide of Mercury, C‘II*NCl.Hg''Cy®.— Obtained 
Vv iiiixin^ a inaitral soluf;ion of hydrochlorate of ethylamine with aqueous cyanide of 
ri. -. iirv. ;ind evaporating over the water-bath to the crystallising point. Large lami- 
. I (TV Mills, whicii are permanent in the air, and are decomposed by the bent of the 
Iv itT-l iitli. Solid )le in water, sparingly in cold alcohol. Taste disagreeably metallic. 
Kohl :iiul Swoboda, Ann. Ch. Pliarm. Ixxxiii. 842.) 

Chloroimlhidite of Ethylamine, (CWNCiy-Pd^'Cl*.— An aqueous solution 
o! hylroohlonito of ethylamine evaporated over the water-bath with excess of 
hiuriae of p;ill.'ulium, yields largo black crystals grouped in feathery tufts ; by 
trinsiiiitied light they e.xhibit a fine re<l colour. They yield a red-brown powder, and 
ri'Miii their lustre unimpaired at tho heat of tbo water-batli. (Rock enschuss, 
A’lii. t'h. riuirm. Ixxxiii. 343.) 

Chluruplatinate, (C-IPNCl)'’.Pt‘''CP,—01)tained by mixing tbo concentrated solu- 
ti.aifi of ictraelih.Tide of platinum and chloride of ethylammoniuni, adding alcohol, 
jirfsbini^ the resulting yellow precipitate, and dissolving it in boiling water. On cooling, 
liie (loiiiilo suit scpiirates in boautilul tablets of a deep orange-yellow colour. (Wurtz.) 

1'\t tin* eompouiuls of ethylamine with protochlorido of platinum and other platinous 
b;!lts, see Pj.ATINL’M-BaSES. ^ 

FJhi)lcarhamate of Ethylammonium, C'H"NW = 1*^ " 

((>irN)=.COb— This salt, homologous w'itli the so-called anhydrous carhonaU of am- 
is produced by pas.sing carbonic anhydride into anhydrous ethylamine cooled 
ly a freezing mixture (i. 751). 

Molybdate of Ethylamine, (C*H’N)*.H*Mo''^0^ = (C^H"N)MVIo*Ob — Molybdic 
.'ii'ui dissolves readily in ethylamine, and the solution left to evaporate over chloride of 
cilcium (lepo.sits wliite scales, wdiich become red-brown when dry, and ultimately 
ii^'sutne ii regular brown colour. They continually give oflf ethylamine, and ai’o 
^rradually converted into a more acid salt. (Meyer, J. pr. Chem. Ixvii. 151.) 

titrate of Ethylamine, — Obtained by saturating ethylamine with nitric acid 
Very (leliipiescent ; crystallises from the aqueous solution in thin laminse. The synipy 
niotlier-liquor, when heated, gives oflP gases which burn with a yellow flame, and yiwda 
« brown watery distillate with a few drops of oil floating on the surface ; the residue 
is a brown mass which ultimately becomes charred, (W urtz.) 

Oxalate of Ethylamine, (C’H’N)».H»C‘0‘ =. 
rating ethylamine with oxalic acid and evaporating. Crystallises in right rhombic 
Kisma. AVlien heated it gives oft’ 2 at. water, and is converted into ethy loxamio e, 
N'.(€-02)".(C‘H»)*.Ha. Heated with excess of oxalic acid, it yields a small quantity of 
fMjyloxiimic acid. (See Oxamio Acto.) 

^l>o.^phate, of Ethylammonium and Magnesium, (C2H*N)*.Mg .H*.(PO^)* S' 
bbbO ? Obtained by adding ordinary phosphate of sodium to a solution of sulphate of 
mixed with ethylamine and either of its salts, as a bulky precipitate which 
s crystalline on standing, is much more soluble than the corresponding ammo- 



oiura-Bslt, and whea left oyer sulphuric acid, gives ofr all its Water and . 
ethylamiue. (Moyer.) ^ “'"Woftl,, 

Sulphate of Eihylamine or of Ethyl ammonium , — Deliquescent 
lisable, very soluble iu alcohol, dries up in vacuo to a transparent 
(Wurtz.) ' 

Sidphate of Ethylammoniurn and Aluminium, Ethylamine-dlum, 

(Al®)’* [2S0 

+ 24H*0, — Obtained by mixing the solutions of the component salts, and evapom* 
Crystallises ordinarily in regular octahedrons like common alum, hut occasi^alir*^ 
prisms, which, however, yield octahedrons by recrystullisation. (Kenner^' 
Sthamer, Ann. Ch. Pharm. xci. 172 ; Meyer, hu:. cit,) 

Sulphate of ethylamine also forms crj-stal lisable double salts with the stdphati,< 
magnesium and copper, and with chloride of cojyper (Meyer) ; with sulphaM; of 
(Carey Leu.) The iuagjie.sium-salt appears to contain 2C‘H'*N.Mp .(SO'/x 
(Meyer.) ' 

Sulphydrate of Ethylammoniurn. Prepared by passing sulphydric acid paj 
into anhydrous ethylamine cooled with ice. Colourless, easily fusible, volatile crystals 
which, when exposed to the air, absorb moisture, and change to yellow droi,!j 
(Wurtz.) ^ 

Tartrate of Ethylammoniurn and Sodium has been obtained by Can-i 
Lea. 

SubstUution-products of Ethylamine, 

Bichloruthylamine. C^IPCPN. (Wurtz, Ann. Ch. Phys. [3] xxx. 474.)— Chlorin 
passed into aqueous ethylamine cooled with icc, forms this compound, together wit 
jiydrochlorate of ethylamine : 

2CTPN + CP - Cm^N.HCl 4- C'^H^CPN f IICl. 

The action is attended with rise of temperature and a slight evolution of nitrojj. 
gas. Tlic dichlorethylamine is deposited in the form of a yellow liquid, which ni:i 
be purified by washing with water and rectifying over chloride of calcium. It has 
penetrating odour, and produces coughing and flow of tears. Boils at 91° C. T1 
vapour explodes when heated in a tube, but not W'ith sufficient force to break tlie 
tube. 

The compound treated with excess of chlorine is converted into a solid body whii'h 
crystallises in scales. Ammonia decomposes and dissolves it gradually. CaiisH* 
2 mteu<h decomposes it slowly, forming chloride of potassium, acetate of potassium, lUid 
ammonia, a gas containing chlorine being also given off in small quuritily, and a few 
drops of an oily liquid, which has a disagreeable odour, like that of impure oyauiJe of 
ethyl, sinking to the bottom : 

C*H»CPN + 3KHO « C^n^KO* + NH» + 2KC1 + H*0. 

The gas and the oily liquid arc secondary products. (Wurtz.) 

DiimoMBTKYi.AMiNB. (Wurtz, Ann. Ch. Phys. [3] xxx. 477 .)— Bromine 

acts on ethylamine in the same manner as chlorine, and with considerable violence, so 
that it is necessary to add the bromine drop by drop, and cool the liquid with ice. 
The greater part of the resulting dibromethyl amine remains dissolved in the watery 
liquid, only a small portion settling down in the form of an oil as the action approfichefl 
its termination. The dissolved portion may, however, be extracted by agitating with 
ether, and evaporating the ethereal solution. The product is an oily liquid having 
an orange-rod colour arising from a slight excess of bromine, which may, however, 
be removed by agitation with weak potash. It is heavier than water, and has a pun- 
gent odour. 

DimoOBTHYtAMiNB. C*H*I*N. (Wurtz, Ann. Ch. Php. [3] xxx. 478.)— lodjnj 
Introduced into an aqueous solution of ethylamine exerts an immediate action, attends 
with rise of tempei’ature, producing hydriodate of ethylamine, and a bluish black liquid 
wbicli ia diiiiodethylamine. Tliis compound decomposes when distilled, giving <>« 
va^urs of iodine, and consequently has not yet been obtained in a state of panfj* 
It is soluble in alcohol and ether. Caustic potash decomposes it gradually, 
iodide of potassium, a small quantity of iodate, and a yellow crystalline reiiditf» 
the composition of which has not been ascertained. 

BUtbjrlaiiiliie. C'H'>N = (A. W. Hofmann, Pliil. Tr«ii*.W«^ 

p. 120 : Chem. Soo. Qu. J. iii. 800.) — This compound is produced : 1. As 
by heating an aqueous solution of ethylamine with bromide of ethyl in 
lubes (C*H’N + C*H*Br«»C^H“JS'.HBr), and may be obtained in the free state by ^ 



. potash. —2. As a hydriocUte, together with the corresponding componndfl 
* h^other JSiyl-hases, by heating iodide of ethyl with ammonia in sealed 
’ nd may be separated by Hofmann’s method already described. The liquid 
r loiamate of ethyl is separated from the crystalline diethyloxamide by the method 
? - bed on page 555, and then distilled. The boiling point quickly rises to 260® C., 
liquid which passes over at that temperature yields diethylamine by distillation 

» 2KHO . ♦ (C.o.-I-Jo. ♦ cj-jo. 

niL*tlivloxamate of Dlethylamlna Oxalate of Alcohol, 

ethyl. potassium. 

2 yitrute of ethyl heated with ammonia yields a mixture of ethylamine and di- 
i-iiiYl amine, which may bo separated in the manner described on pp. 655, 560. (Carey 

^hietliylaniino is a volatile, inflammable liquid, boiling at 57° C., very soluble in 
and having a strong alkaline reaction (Hofmann). AVith metallic salts, it 
;i. ts the most part like ethylamine, but it is distinguished therefrom by three re- 
ij tiotis: 1. It does not precipitate a solution cf protochloride of palladium. — 2. The 
j r.vij'itate wliieh it forms with zinc-salts is not soluble in excess of diethylamine.— 
;j. Addl'd in large excess to a solution of mercuric chloride, it forms a precipitate which 
is lint soluble ill acetic acid, whereas the precipitates formed in like manner by ethyl- 
iTiiim and by ammonia, dissolve easily in that acid. (Carey Lea.) 

arts on diethyhimme in the same inaiincr as on ethylamine, forming an oily 
Ki! ^fituti('ii'prodiict. Nitrons add acts upon it in the same manner as on ethylamine. 
(Kioho, Ann. Ch. Pliarm. cxi. 91.) 

N.(C*H^)^H + 3HN02 = 2C^IPN02 + 2H*0 + 

Dii'thylatiiine. Niiroua Kitiout 

acid. ether. 

cyanate of ethyl it forms triethylcarbumide (Hofmann, Compt. rend. liv. 

2 .') 2 1 . 

N.(CaP)^H + N.(COy'C=H*‘ « N*(COy'.(CW)’»H. 

Diiohyl.tiniud'. Cyan ate of ethyl. Triethyl-curbainide. 

For tho react ion of diethylamine with dil)romMe of ethylene, see EthT].eN£>Basb8. 

Tho salts of diethylamine are not much known. The vhloroplatinate, 2(C*n‘*N. 
('l).PtCl*. is moderately aoluble, and c.ryMtallises in orange-red granules (Hofmann). 
Wfltzien obtained large orange-yellow shining crystals, which, according to J, Muller, 
belong to tho nionoc.linic system, 

Triethylamlne. C**H'*N — N(C^H*)*. (Hofmann, loc. cit. — Carey Lea, 
Clitniioul Is'ewri, vi. 142; Rdp. C him. pure, 1862, p. 446.) — Producetl: 1. 13y heating 
'licth ylaminu witli bromide of ethyl, and distilling the resulting bromide of 
t!‘i'.t!iylaniinonium w'ith potash. 

2 by the action of ethylate of potassium or sodium on cyanate of ethyl, 
jrciiyely as ethylamine is produced from hydrate of potassium and cyanic ether: 

N.(CO)''.C^JP -r 2C*IPKO « N.(CHP)» + (C0)".K2.0. 

ri;.‘ !!uttt'ri:il8 are digested together for several hours at a moderate heat, and then 
' stilled in a sand-bath. The strongly alkaline distillate, saturated with hydrochloric 
ul and evaporated, yields a residue from which pure triethylamiue may be obtained 
by distillation with potash. The cyanic ether and the sodium- alcohol must be perfectly 
an.iydrous, otherwise the chief product of the reaction will be ethylamine; but even 
v.ion Water is altogether absent, a dilferent reaction sometimes takes place, attended 
tho formation of triethjdcarbotrianiinc (p. 560). 

3. Iodide of triethylammonium is obtained, together with other iodides, by heating 
icdide oi ethyl in a sealed tube with ammonia. The product distilled with |X>tash 
*‘dxture of ethylamine, diethylamine, and triethylamino, which may be sepa- 
rjited hy means of oxalic ether as described at p. 655. Tho triethylamiue not being 
^ 1 P*wse8 over by simple distillation, (Hofmann.) 

^ hitrate of ethyl heated in sealed tubes with ammonia always yields a 
certain quantity of triethylamiue, together with ethylamine and diethylamine, and, by 
F'^eeding as follows, the proportion of triethylamine may be considerably increaseu. 
A mixture of 3 volumes nitrate of ethyl, 3 volumes strong aqueous ammonia, and 
" alisolute alcohol, is heated to 100° C. in a sealed tube for four hours. The 

c^mtentfi of the tube are then exactly saturated with nitric acid, and evaporated over 
f'P water-bath ; the pasty mass is dissolved in 4 volumes of absolute alcohol ; the 
is distilled with a considerable excess of caustic soda ; the distillate is received 
^ a juixtiue of 3 volumes nitrate of ethyl and 2 volumes absolute alcohol surrounded 



by a freezing mixture ; and the liquid thus saturated with the alkaline Tapour * • 
ti^uced into sealed tubes and heated in a water-bath. This mode of 
yields a product in which the proportion of ethylamine is very small, and ofth 
mainder the diothylamine constitutes three-fourths, the triethylamine one-fo^rtT 
To separate these bases, they are converted into picrates, the picrates of ethyla?”^ 
and triethylamine crystallising out in needles, and the picrate of diethylamine aft' 
wards separating as a heavy oil. The crystalline picrates of the two bases 
distilled with an alkali ; the vapours condensed in water, and the solution 
moderate concentration, is agitated with ten times its volume of ether, which’ tak^^ 
up the triethylamine, leaving the ethylamine dissolved in the W'ator. (Car«‘y Le:, ^ 

6. Triethylamine is given off, together with ethylene and water, in the deeompositif!, 

of hydrate of tetrcthylammonium by heat. (Hofmann.) ^ 

Triethylamine is a colourless, strongly alkaline liquid, inflammable, haviii^r 
a^eeable ammoniacal odour; it is but sparingly soluble in water, and, wlien the mlw. 
tity of water present is not sufficient to dissolve it, floats on tliut liquid like an oil 
(Hofmann; Lea.) 

The aqueous solution forms with salts of zirconium, glucinum, cadmium, aud tine 
white precipitates insoluble in excess: with aluminium-^AXts, a precipitate easily 
soluble in excess. It forms a green precipitate with nickd salts, greenish-blue with 
cohalt salts, wliito with stannous salts, brown with nitrate of silver, reddish-hrown 
Yfith. ^entachlorid^. of antimony, yellow with uranic salts, yellowisli- white with salts of 
mercury, greyish with salts oi iron, blue with copper salts, white with salts 
sium and cerium, — all these precipitates being insoluble in excess of the alkali. With 
stannic chloride it forms a precipitate soluble in excess of the alkali; witli aedati of 
lead, a precipitate insoluble in excess of the alkali, but soluble in excess of the lead 
salt. It docs not precipitate the salts of plalinuni ov palladium.. AVith tHcli/oridr of 
gold, it forms a yellow precipitate insoluble in excess, and blackening rai)idly, from f ir- 
mation of protoxide of gold, the reduction being attended with evolution of alduhyde. 
This is the most characteristic reaction of trietbylamine. (Carey Lea.) 

Hydrohromate of Triethylamine or Bromide of Triethylauunonium crystallises in 
beautiful fibrous crystals several inches long. (Hofmann.) 

The hydrorhlorate cr^’^stalliscs in white himina> ; it is not deliquescent, very inflam- 
mable, volatilises easily without decomposition. (Carey Lea.) 

The chloroplailnatc, 20''lI’‘'NCl.PtClS is very soluble in water, and cry-stalliecs on 
‘ codling from strong solutions in splendid orange-red rhombic crystals. (Itofmaon.) 

^ , ^The nitrate docs not crystallise, but remains in the form of a thick syrup, when its 

ISOlution is evaporated in vacuo. The sulphate is very soluble in water and alcohtd; 
’"l^vaporation in vacuo it is obtained a.s a confused crystalline mass. It forms a double 
eafi^tmh sulphate of zinc. (Citrey Lon.) 

Tiietbyloarbotrlamlne, ; or Triethylcyano- 

diamine* N’ (CN.(C*II'‘)MH} . (Hofmann, Proc. Roy. Soc. xi. 282.)— Not known in 
fhe separate state, but obtained as a hydrate, C^IP®N®*0 «= by heating 

ethylate of sodium with cyanurate of ethyl (sometimes also with the cyanate), the 
ethylate of sodium being then resolved by the hont into ethylene, C^H*, which escap;s. 
an(l hydrate of sodium, which acts on the cyanuric other in the manner represented by 
the equation : 

+ 4NaHO = 2Na*CO» + C»H»N»0. 

The reaction actually takes place by several stages, as already explained (p. 

Hydrate of triethylcarbotriamine is a basic oil, which neutralises acids, forming 
definite, salts. The gold-salt, C’H*’N*.HCl.AuCl*, and the platinum- salt, 2(0^ll‘'N . 
HCl).Pt01*, have been analysed. The iodide forms splendid crystals. 

The hydrated base, which may also be rejpirded as triethyl- carbonyl-triamine, is re- 
solved by distillation into ethylamine and diethylcarbamide : 


( CO 




mnv\» 

K*' 


“! 


cm* 


( CO 
NN (C*H*)*. 

I 


just as guanidine (carbonyl-triamine) is resolved, under certain circumstances, 
ammonia and carbamide (urea) : 


into 


- NH* + N* 1^. 

metbriMBylamtne. C*H*'N - N(C»H*)’C*H" (Hofmann. Cheim 
iv. 815).— Obtained together with water and ethylene-^ by the dry dist^fttma 
hydrate of triethylamylammonium (p. 663). It is an oily liquid heavier than wat » 
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. huving a not unpleasant odoun. Boils at 164® C. Soluble in water. The 
jLk hi/dromorate, nitrate, and oaalate crystallise easily but are deliquescent 
S ckioroplatinate crystallises in orange-yellow needles of extraordinary beauty. 

Tetretliylan*®*®®*®*®* — N(C*H*)t Teirethylium» (Hofmann, Phil. 

Tmnfl 1S51» p. 367 ; Chem. Soc. Qu. J. iv. 304.) — This compound, which, like am- 
^ imum itoel^* is not known in the free state, is obtained as an iodide or bromide by 
Reaction of iodide or bromide of ethyl on triethylamine : 

N(C*H»)* + C*H‘I * 


Iodide of ethyl acts quickly with the aid of heat, the bromide slowly. 

The iodide or bromide treated with moist oxide of silver, yields a strongly alkaline 
solution, containing the hydrate of tetrethylammonium, and this, when treated with 
acids, yields the other salts. The bromide, chloride, iodide, carl)onate, nitrate, phos- 
pliate, and sulphate are all crystalline. The orthophosphate (C*H“N)*PO*, is strongly 
alkaline. 

Bromide of Tetrethylammonium forms white opaque granular crystals, 
(Hofmann.) 

chloride, obtained by neutralising the solution of the hydrate with hydro- 
chloric acid, forms double salts with the chlorides of gold, mercury, and platinum. 

Chloro-aurate. C®H“NCl.AuCl*.— Lemon-yc^llow precipitate obtained by mixing 
the solutions of the two chlorides. Dissolves but sparingly in cold water and in 
hydrochloric acid. 


Chloromercurates. — a. 2C*H*®NC1.5IIg"Cl*. White c^stalline precipitate, 
sulublo in water and in hydrochloric acid, especially at the boiling heat. From the 
boiling solution it separates in plates having an unctuous appearance. (Hofmann.) 

b. 2C'‘H"®NCLHg"Cl*. — Obtiiinod by decomposing the yellow crystals 
(pp, G38, 665), with oxide of silver, neutralising the resulting alkaline liquid with 
hydrochloric acid, and evaporating. It forms white crystals. (Sonnenschein.) 

Chloroplatinate. 2C'*H‘"NCI.PtCF. — Tetrachloride of platinum added to chloride 
"f tetrethyiammonium, immediately forms an orange-yellow precipitate, resembling the 
lorroisponding potassium and ammonium-salts. Slightly soluble in water; less soluble 
in alcohol and ether. May be crystiillised in beautiful octahedrons. (Hofmann.)*^ 

Hydrate. C’H^’NO « ^ |o. — Prepared by decomposing tlie iodide witt 

oxide of silver. The solution of the iodide is gently heated, and recently precipita^^ 
oxide of silver added in small portions with a^'tation, till the resulting iodide of silver 
assuines a permanent yellow colour. The liquid filtered from the silver-precipitate is a 
tjolution of the hydrate of tetrethylammonium. It may likewise be obtained by decom- 
posing the sulphate with baryta; but this process is not so good as the preceding, on 
•u'oount of the difficulty of getting rid of the excess of baryta or of sulphuric acid, 
llie jilkiiline solution, evaporated in vacuo over sulphuric acid and lime yields, after 
Mine time, long hair-like needles which are extremely deliquescent and attract car- 
uoinc acid rapidly from the air. By remaining longer in vacuo, the crystals disappear 
apnn, and the liquid dries up to a serai-solid mass, which also deliquesces and attracts 
carl)onie acid rapidly. 

Ihe solution of this compound is strongly alkaline, and has the pungent bitterness 
quinine. In the concentrated state, it burns the tongue and acts on the epiderniis 
I e caustic potash or soda ; rubbed between the fingers, it excites the well-known sen- 
ion produced by the fixed alkalies, and the same peculiar odour. It saponifies fats 
^ converts furfuramide into furfiirine, and decomposes oxalic ether 

eif' alcohol. With metallic solutions it behaves like caustic potash, 

epting that hydrate of alumina is less soluble in it, and hydrated chromic oxide 
quite insoluble. 

concentrated solution of hydrate of tetrethylammonium may bo boiled 
eten t advanced stato of the evaporation, decomjiosition sets in, 

® ^®®ipcrature of the water-bath, the residue intumescing strongly, and being 
e uaily but completely resolved into water, triethylamine and olefiant gas : 


C»H2®N.H.O « H*0 + C«H*»N + C*m 

hydrate boiled for about 24 hours with iodide of ethyl in a 
<lcnsed ® condensing tube, so that the volatilised products may be con- 

hack, becomes perfectly neutral, and is converted into alcohol 

of tetrethylammonium: 

V OH^N.H.O + C’HH = C2n"0 + C«IB®N.I. 

^ 1 * 0 0 
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A conceotratod solution of the hydrate mixed with an alkaline •oludon of iodide oi 
potassium, yields a crystalline precipitate of iodide of tetrethylammoninm ; this effM 
L due to the insolubility of the latter substance in alkaline liquids. ^ 

Iodides of Tetr ethyl ammonium. — Protiodide* C*H*NL When perfect^ 
anhydrous iodide of ethyl is added to triethylamine^ dned over hydrate of potaasiun; 
the mixture becomes slightly turbid, heat being evolved at the same time. The action 
goes on but slowly at ordinary temperatures, the mixture, after several days, beirq 
-converted into a solid mass ; but on exposing the mixture for a minute or two to tlij 
temperature of boiling water, a powerful reaction ensues, the liquid remainini^ fof 
-some time in a state of brisk ebullition, even after removal of the heat, and solidifying 
on cooling, into a hard mass of ciystals, which is snow-white or yellowish, accoitlinj 
ns the triethylamine or the iodide of ethyl is in excess. To ^ avoid loss of triethyU. 
mine, it is best to heat the mixture in sealed tubes. On dissolving tho crystalline 
mass in cold water and leaving the solution to evaporate spontaneously, the iotlide h 
obtained in beautiful, well-defined, white crystals, of considerable size, which may b« 
separated by mechanical means from small quantities of a reddish iodine-compound 
sometimes formed by the action of the air. This latter substance is formed in 
much larger quantity at higher temperatures, for which reason it is best to avoid the 
use of hot water in tho purification (vid. infra). 

The crystals are anhydrous, and do not diminish in weight by exposure to the tem- 
perature of boiling water. When rapidly heated to a higher temperature, they fuse, 
and are decomposed into triethylamine and iodide of ethyl, which form two layers in 
the receiver, but quickly unite and reproduce the original compound. 

The aqueous solution mixed with caustic potash solidifies at once to a crystalline 
mass consisting of the iodide itself, which is less soluble in alkaline liquids than in 
pure water. With nitrate or sulphate of silver, it yields iodide of silver, and a dilu- 
tion of nitrate or sulphate of tetrethyl ammonium. With oxide of silver it yields a kiIu- 
tion of the hydrated oxide of tetrethylammonium. . , , 

b. TModide. When iodide of ethyl is heated for some time with alcoholic ammonia 
in such a manner that the volatilisea portions may condense and run back agiiin, n 
liquid is formed containing iodide of ammonium, and the iodides of the four ethylara- 
moniums ; and this liquid, when exposed to the air for about a laonth (whereby th»* 
iodide of ammonium is decomposed and iodine set free), yields tenodide of tetrethyl- 
ammonium in large, shining, dark-red, prismatic crystals. Tho same compound is more 
quickly obtained by heating the liquid with iodine ; it then separates m smaU needle- 
• imaped crystals. (Weltzien, Ann. Ch. Pharm. Ixxxvi. 292; xli. 33.) 

Teriodide of tetrethylammonium boiled with aqueous potash is partially aocompo.p , 
civing off a volatile ethyl-base, probably triethylamine, and forming iodide of 
sium, iodate of potassium, and iodoform. To ac^unt for tho formation of these proauc , 
however, we must suppose that marsh gas is given off; 

3C»H*®NI* + 6KHO =» + 4KI + 2KIO* +CHI* + 6CH* 


Teriodide of tetrethylammonium dissolves slowly in cold water, r^ddy in J 
alcohol ; from the latter solution it crystallises in needles arranged in feathery 
It dissolves in the iodides of potassium, sodium, and the ethyl-ammoniums, an p 
rates from these solutions in large crystals. (W eltzien.) . 

o. Periodide, The liquid from which the teriodide has crystallised, yielded, m 
lution with water, a heavy, red-brown, oily compound, rich in iodine, and p J 
consisting of a higher iodide of tetrethylammonium. (Weltzien.) 

lodomerourattt. a. 2C'H«NI.6Hg"I‘. Obtained by the two followingj^ 
eessss: 1. Mercuric iodide boiled with a solution of iodide of 
converted into a yellow compound, which melts and collects as a ti»nspareut j ^ 
the bottom of the vessel, and, on cooling, solidifios to a britUe mass, m 
crystalline fracture. 2. Iodide of tetrethylammonium mixed with a lajge w 
mercuric chloride forms a whitish crystalline precipitate, which is a mixtu ^ 
iodomercurate with a large quantity of the corresponding chlorine-compound . 

12C*H*‘’NI + IGHg^'Cl* - 2C*'H*®NI.6Hg'T» + 6(2C*H"NCl.Hg"Cl*)* 

By boiling with water the latter is removed, while the iodine compound roma-' 

(Hofmann.) . . of ethyl ^ 

A 2C"H’*®NI.SHg'l*. Produced by the action of tnmercuramine on looioo 


N»Hg» + 8CaH»I • 2(CaHa)*NI.3Hg'l*. 


Yellow crystals which dissolve somewhat rei^ly in 
by water. (R. Muller, Ann*. Ch. Pharm. cviii. A) 


alcohol, and are not 
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tetrothylanimoD ium. 


Frodaced by the action of metallic mercniy on terlodide c 

(C*H*)«NP + Hg « (C*H*)^NI,Hg"P. 

Tho compound dissolres sp-ringly in water, more easily in hot alcohol, from which i 
acparatos on Cooling in light yeUow, shining, scaly crystals. (H; Risse, Ann. Ch 
Phurm. evil. 224.) 


ynunn. cvu. 

A compound of merciirie iodide with iedide of tetreiMammonium and iodide n 
n^roielrdhylamnumium, = 2d"H“ia.C'«H“Hg"N'‘P.7HK"I» i1 

tofirether with several others, bv the aetinn r»f ui!’-* i*. 



which, after being purified by washing wiwi warm ausoiuie aicoliol, resemble mo8ai( 
gold, and appear under the microscope as cubes with CK^tahodral and dodecahodru 
faces. They are decomposed by sunlight, with separation of menmry • melt a1 
150® C., and decompose at higher temperatures. They are insoluble in water 
alcohol, and ether. 

Iodide of potassium and iodide of tetrethylammoniiim dissolve the yollow compound 
for the most part, with separation of metallic mercury ; nitric acid separates mercuric 
iodide. Its solution in hot hydrochloric acid yields greenish-yellow silky crystals 
Chlorine and bromine separate all the iodine after some time, forming cryshila with 
a jetty lustre, resembling naphthalin. When the yellow crystals are Imatcd with 
recently precipitated oxide of silver, iodide of silver is formed, together with a 
Bte.ngly alkaline liquid, which, after tlio excess of silver haa been removed by 
Dulphun'tted hydrogen, contains hydrate of tetrethylammonium. But if the alkaline 
dilution is neutralised witli hydrochloric acid, without previous treatment with 
sulphuretted liydrogen, and evaporated, white crystals are obhiinod consisting of the 
compmnd 2( (C‘^H*)‘NCl).Hg"Cl* (j). 561). 

Triethylamylammonlain. C"H»“N = N(C»1I»)*C‘H". (Hofmann Chem 
Soc;. Qu. J. IV. 313.)— The iodide obtained by the action of iodide of amyl on triethvl- 
amiiu- forms fine crystals having a fatty lustre, unctuous to the touch, very soluble in 
water and alcnhohn^soluble in ether. The solutions have the bitter taste of quinine. 

the hydrate, jj |o, obtained by heating the iodide with moist oxide of 

Filver forms an alkaline, very bitter solution, which, when evaporated, yields a non- 
wlamiue*^ ®y distillation it is resolved into water, ethylene, and diethyl- 

N(C'H‘)\C*H‘')|q 

The hydrocUorate. forms deliquescent laminae. The cMoroplntmate separates from a 
•uihnjr aqueous solution in splendid orange-yellow needles. The nitrate forms hard 
ra-lio and oxadate are obtained in gummy masses by evaporation in 

aiidlwlI^iNEs'"® togetlier with methyl and phenyl, see M bthyiamines 

dmmoniwn-baaet produced by the action of Chloracetic Ether on Trietkylamine. 


11*0 + C*H< + K.(C*H*)*C*H'>. 




THethyi.oxetbyiacotjrlammonliim. C>®H" 0 *N 

bi a wa'ui «hlorncetic ether [C''lIXC’H»)cl(pfi8 heated to lOOO C. 

thioride of i™* * of gas burning with a green flame is given off; and 

together with the chloride of triethyloxothyb 
* at. ethvi “» “monium in which throe at. H are replaced by 

chloracnhV ^ ^7 a compbix molecule containing the elements 

On S chlorine. 

of the platinum U) the ^lution of these chlorides, the chloroplati- 



chloride of the complex ammonium, 

9 • alt ciystallises in needles which melt at 100® C. 

leposita a cmr f flilver, yields chloride of silver aud an aleohoUo solution that 

‘ydriodic substanc^ which, though perfectly neutral, unites with nitric 

asi fonping well defined salts. These salts, however, belong to ano 

oo2 


and 
another 
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series, differing from the preceding by containing an atom of hydisoj^ of ififa 

— a difference which is shown by the elimination of alcohol dunbog 
Hence these salts are not fr/rethylic, like the preceding, but ^riethylia * 

The chloroplatinate, 2[Nr.(C*H*)*(CH*0*)]Cl.PtCl\ forms spler"'^ 


pnsms. The chloroaurate crystallises in needles, moderately solubio’^ 

The nitrate is soluble in alcohol, and is precipitated from the solution br ether in 
needles. The iodide forms crystals very soluble in water, and hayins the 

The crystalline substance which remains after the treatment of the tetrethylic cUori 
(see above) with oxide of silver, is perhaps the monatomic base. * 

' ^ ' H ) possible, however, that this compound may split 

the moment of its formation, and that the crystals contain 1 at. water less havij 
therefore the composition C*H''NO* this being the molecule which enters ’ inth t] 
composition of the iodide just mentioned. On this hypothesis, the compound 
question would be triethylic glycocol: 

C«H‘»NO* C*H*(CW)*NO»; 


it is known, indeed, that glycocol itself has a tendency to form compounds similar i 
composition to the iodide above mentioned, one of them being yepresentod h? tl 
formula (C*H‘'NO*)Cl.C^H'‘NO'. : 

The triethylic compound is not attacked by potash, by boiling nitric acid, or ] 
nitrous acid. When heated, it yields charcoal and a strongly alkaline liquid, which 
not triethylamine. (Hofmann, Proc. Boy. Soc. xL 626; R6p. Chim. pure, 186 
p. 196). 

BTHY'ZiilLllEMOM’nniC. See Ethylamines. 

STBTXiAlMtTXi. See Ethyl (p. 526). 

BTHT&A1«rrx.OZmo AOZO. C'»H«0» = C*H“ Co* —Obtained by sat 

Cm\£L) 

rating a mixture of amylcitric acid [(C*H*0*)'''.C*n".H® 0*] and absolute alcohol wi 
hydrochloric acid gas, then evaporating the alcohol and excess of hydrochloric aci 
washing witli aqueous carbonate of sodium, dissolving in ethoij and decolorising wi 
animal charcoal, as a colourless syrupy liquid, having a very bitter taste and acid i 
action. (Breunlin, Ann. Ch. Pharm. xci. 323.) 


STBTXiiUMmZC BTHBIU See Amtl, Oxidb of (i. 205). 

BTBT;ilb-8A81l8. See ETUTLAinNES, Ethyl-absines, ETHYL-PHOsrmNBS, 

BTBn-BBVZTliAXIKnrih See Bbnzethylaminb (i. 676). 

BTSm-BBOMAJrZSUnBra. See Phknylaminb, Dbbivatives of. 

BXHTXi-airmZO BTHBB. See Ethyl, Oxidb of (ii 643). 

BTBTB-OACOBTlb. Syn. with Absbndibthyl (i. 397). 

BTBTXi-CABSAMXC ACZB and BTBTA-CABBAMXBBB. See Oi 
BAMic Acid (i. 761), and Cabbamidb (i. 764). 

BTB'n-CBBOBABXBZBZL See Phbntlamibb, Dbbivativbs of. 

BTBm-CODBZBB and BTBTB-OOBZBB. See Codbinb (L1068), « 
CoMiNB (ii. 6). 

BTBYX-CYABTAMXBB. Syn. with Cyanbthtlamidb (ii. 190). 

BTBn-CTABrAirZBZBB. See Phbntlaminb, Bsbivativbs of. 

BTBTXi-BZACBTAMZDB. See Ethtlacbtamidb (ii. 652). 

STBn-BXTBXOBXC ACXB. Syn. with ethyl-sulphurous acid. (See Bvtm 
OVS BTHEB8.) ^ 

BTBTXh-CABBAMZBBS, or ureas.— These compounds, derive^ 

carbamide, or urea, N*(CO)".H^ by the substitution of ethyl for the whole Pffi 
the hydrogen, have already been partly described under Cabbamedb (i 
following additional stateraenta have been recently published by Wurtx 
pure, 1862, 199) and Hofmann (Proc. Boy. Soc. xi. 273 ; Compt, rend. liv. 26^ 

Ethyl-carbamide. N^(CO)^(PH^H^—Cry8taUifle8 in oblique rhomboidal W 

having* the obtuse edges truncated. Melts at 92® C. By dry aistillation ^ 
ammonia and a small quantity of ethylamine, and leaves a 
mixture of cyanuric ethers, the chief product being dicthylio cyaw^ 
C*[(C*H»)*.H.lN»0*(p. 293). .(Wurtz). ^ 

Diethyl-carbamide. N"(CO)".(C*H*)iH».— Colourless, prismatic cry8t^f^ 
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sen 


^ alcohol ; from the alcoholic solution it separates in silky flexible 

heedlcs. Melts at 109°— 112-6<>C. Boils at 263° (corrected), 
with jwtash, it gives oflF eth^lamine; N* (CO )^(CW)*.H* + H*0 — 


It likewise gives off ethylamine when treated with nitrous acid, 
chiotiia ^ solution of diethylcarbamide, a heavy viscid oil is pre- 

soluble in water, and having a burning taste and peculiar odour. 
NTtrsteof^ethylciirbamide fornis rhomboidal prisms, much flattened and extremely 

^*^D^ethylcarbamide exhibits exactly the same properties, whether prepared by the 
jy of I'vanate of ethyl on ethylamine, or of water on cyanate of ethyl. (Wurtz.) 
Trif>thvharbamide, C’H“N*0 « CO)". (C»H*)».H. —Produced by the 

ictlou of cyanate of ethyl on diethylamine. (Ho f m a n n, Wu r t z.) 

N.(C*H»)*.H + N.(CO)".CW == N«(CO)".(C"lP)»n. 


It forms soft crystals, soluble in water, alcohol, and ether, melting at 63*^ 0., and distilling 
without decomposition at 223° (H o f m a n n) ; boils at about 236°. ( W u r t z.) It does 
^ gni>fur to combine with acids, with chloride of gold, or with chloride of platinum. 
By tile action of alkalis it is resolved into ethylamine, diethylamine, and carbonic 
inhyilride. (Hofmann.) 

j)ieihyl-tricarhonyl-tetramide or -tetramine, C’lT'WO* *= N*.((5*0)*. 
— d?his compound, which may be regarded as a carbamide, or urea, of a 
higlier order, is produced by the action of cyanate of ethyl on urea : 

CIPN^O + 2C»H"NO ==. C’H‘*N^0*. 


It is sparingly soluble in cold water, but dissolves easily in boiling water, and crystal- 
lises thorefrom in beautiful white scales having a silky lustre. It is easily soluble in 
alcohol nnd <‘tlier; dissolves also in acids, not more readily than in water ; also in 
cold potash, and is precipitated unchanged from the solution by acids. 

Hy boiling with potash, however, it is decomposed, yielding ammonia, ethylamine, 
and carbonic anhydride : 

N\(C0)»(C2H*)».H^ + SH^O =. 2NH» + 2(N.C*H‘H*) + 3CO». 

This compound is isomeric vnth dkthylcyanurate of ammonium^ C*[(C*H*)^NH^]N*0*; 
but it does not exhibit the characters of an ammonium-salt. (Hofmann.) 

Tlie hydrated bcOse produced by the action of cyanuric ether on ethylate of sodium, 
viz, trietliyl- carbonyl-triamine, H*.(CO)".(C'^H*)*.H* (p. 662), is also related to 
the otliyl-carbaniides. 

STKYZiEVB. C*H* or Olefiant gas, Bicarhuretted Hydrogen, Heavy 

CarhureW'd Hydrogen, Elayl, Ethene, Etherin. — This compound was discovered in 
179<5 l)y four Dutch chemists, Deiman, Paets van Troostwyk, Bondt, and 
hauwerenhurgh (Crell. Ann, 1796, ii. 196, 310, and 430 ; Gilb. Ann, ii. 201). It is 
firoduml by heating alcohol with strong sulphuric acid or boric anhydride; and by the 
dry disi illation of formates, acetates, butyrates, and many other organic Wlies, espe- 
cially fats, resins, caoutchouc, wood, coal, &c.: it is, therefore, a constituent of coal-gas, 
being in fact the compound to which that gas chiefly owes its illuminating power. It has 
also l)et‘n shown by the experiments of Berth el ot (Compt. rend, xliii. 236) that 
ethylene, as well as other hydrocarbons, may be formed directly from inorganic ma- 
terials, as when a mixture of disulphide of carbon and sulphuretted or phosphoretted 
hydrogen is passed over red-hot copper, or more abundantly when a mixture of 
disulpliidc of carbon, sulphuretted hydrogen, and carbonic oxide is passed over red-hot 
iron. A mixtui^e of ethylene with trityleno and marsh-gas is also obtained by the 
dry distillation of formate of barium ; and as formic acid may bo produced by the 
action of carbonic oxide on hydrate of pota.ssium, it follows that the ethylene may be 
considered, in this case also, as produced from inorganic, materials. 

Brt'paration. — 1. A mixture of 1 vol. strong alcohol and 4 voL sulphuric acid, is 
Wntly heated in a flask or retort, and the evolved gas is passed through two Woulfe’s 
pottles^ one containing milk of linio to free it from sulphurous acid, and the other 
containing strong sulphuric acid to absorb the vapours of ether and alcoboL The 
jnixture soon blackens, and froths considerably towards the end ; the frothing may, 
wwever, he prevented b}’ adding a sufficient quantity of sand to the mixture te form it 
a thick paste. A very good way of conducting the process, given by Mitscher- 
(Ann. Ch. Phys. [3] vii. 12), is to boil alcohol of 80 per cent in a flask, and pass* 
vapour into a boiling mixture of 10 pts. strong sulphuric acid and 3 pts. water 
(wiling point 160—166° C.). In this case, the mixture does not blacken, and the gas 
obtained in free from sulphurous acid ; but it requires to be purified from ether and 
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alcohol Tapour as before. The action conaists ultimately in a dehydration of tli. 
alcohol ; C^H‘0 - H*^0 =• C*H‘ ; but it is probable that ethylsulphuric acid igC 
formed, and yields ethylene by its subsequent decomposition, C*B».H.SO< • G«H«^ 
H*SO<. 

2. Absolute alcohol is mixed with four times its weight of fused borje anhydride 
and the mixture gently heated in a retort. A large <juantity of ethylene gas ig thn 
evolved, which may be rendered pure ^ mere washing ^th water.^ The residue ii 
the retort serves for a fresh operation. The only inconvenience of this method is, tha 
the delivery-tubes are apt to become stopped np by solid boric anhydride mechanical!, 
carried over: hence it is necessary to use very wide tubes. (Ebelmen, Ann. Ci 
Phys. [3] xvi. 136.) ^ ^ ^ 

Properties. —Ethylene is a colourless gas, having a faint etnereal odour ; if quite fre 
from ether-vapour, it would probably be destitute of odour ; it is irrespirablo. It 
specific gravity is 0 9784 (Saussure), answering to a condensation to 2 vol. (h 

calculation, ^ ^ x 00093 « 0-9702), When exposed to strong pressure, at 

temperature of - 110 ° C., it condenses to a limpid liquid, which does not solidify. 

Ethylene gas is nearly insoluble in water^ and dissolves biit sparingly in o/roAoi 
(see Gases, Absobption of) ; ether dissolves it more freely. It is likewise absorbed by 

cuprous chloride. . , , . 

Ethylene passed through a red-hot tube is rasolved into marsh-gas 
and free carbon, « CH* + C. It is very infiammable, and burns in the ait 

with a bright white flame ; probably undergoing in the flame the same ilecompositicn 
as when passed through a red-hot tube, so that the marsh-gas burns, and the sepanited 
particles of carbon, being rendered incandescent by the high temperature tlius pro- 
duced, give to the flame its peculiar brightness. Mixed with a quantity of ojyyrii 
just .sufficient for complete combustion, it explodes violently when brought in contact 
^th flame, or when an electric spark is passed through the mixture. 2 vols. ethylene, 
containing 2 at. C and 4 at. H, consume 6 at. or 6 vol. O, and produce 4 ^ol CO* 
besides water. In clitorinc cfos^ ethylene burns with a very smoky flame, C'^H + 
Cl* » 4IIC1 + C*. A mixture of 1 vol. ethylene and 2 vol. chlorine burns slowly 
when set on fire, depositing a very large quantity of charcoal. _ , , . , 

Co 7 n 6 iwafwnfl.— Ethylene is a diatomic radicle, uniting with 2 at chlorme, bromine, 
cyanogen, and other monatomic radicles, and with 1 at. oxygen, sulpliur, and otner 
diatomic radicles. With the elements of 2 at. peroxide of hydrogen, it forms hydrate 
of ethylene, ethylenic alcohol, or glycol, and with the peroxides of various acid 
radicles it forms others, which are acid, neutral, or basic, according to the prorort ions 
of the combination. With chlorine, bromine, iodine, pernitric oxide, and the chlondcs 
of sulphur, it unites directly. It is quickly absorbed by sulphuric anhydnde, and by 
Nordhausen sulphuric acid, forming ethionic anhydride (p. 624) and is^thionic 
When briskly and continuously agitated with ordinary strong sulphuric acid, , 
it unites therewith, forming ethylsulphuric acid, C’'*H®SO* (J^J'thclot, Ann. • 
Pharm. xciv, 78), When it is heated for some time to lOO^ C. with hydnodic acul, 
the two combine, forming iodide of ethyl, (C‘H* + HI =» ^ is 

takes place with hydrobromic acid, but less readily ; and with hydrochlonc aeid u 
very alow indeed. (Perth clot, Ann. Ch. Pharm. civ. 184 i cxv. 114.) 

■TBnSira. ACHTATSS or. (Wurtz, Compt. rend, xliii. 199; Ann. ^ 
Pharm. c. 110; Ann. Ch. Phys. [3] Iv. 400. Atkinson, PhiL Mag. [4] XTi.t^w. 
Ann. Ch. Pharm. cix. 232. 

MmxiceUae. C‘H*0’ - “ (C’‘H‘r-C’H*0*.HO. Monoacetic glycoi, 

Glycolic wfmoacc<m.--Obtained: 1 . By the action of bromide of ethylene on acetate of 
potassium : 


C*1IW + 2[^k|o] 


+ H*0 • 2KBr + 


(cmT}o. 

c*n>o.Hp 


C»II'0|o 
Hr' 


n- -• — f 

1 pfc *f pure bromide of ethylene and 1 pt of acetate of potassium, tog®*? T*/, 

2 pts. of 86 per cent, alcohol, are heated for two days to 100® C. in a strong 
soda-water liottlo answers very well) securely corked. Bromide of 

formed, together with a colourless liquid containing monowclate of etnyienc, 
acid, and awitic ether (formed by the action of the acetic acid on the 
alcohol and water. On distilling it, monoacetate of ethylene mixed with w 
. passes orer between 130® and 180® C., and nearly pure monoacetate from W ^ 

lly repeated rectification of these liquids, the pure monoacetate is obtaineo, 

182®. In the first distillation, the liquid often jumps violently, m eons^uenc 
separation of a little bromide of potassium; in this case an equal volume 
inqst be added to piecipitate tho bromide of potassium, and the uqni 
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n\ Miixwell Simpson recommends, especially for the preparation of l^e 
(Atkio*® to heat the materials, not in a closed vessel, hut in a 

quantitJP® ^nn^cted with a Liebig’s condenser, in such a manner as to cause the con- 
l-iTge ws ^ ^ vessel. A considerable quantity of diacetate of 

^Jlfformed at the same time as the monoacetate in this reaction (Lourenqo). 
/ B^tho a<;tion of acetate of potassium on chloride of ethylene. The decomposition 
^ ^ t take place so readily as with the bromide, and requires the mixture to be 
three^or four days (Atkinson). — 3. By heating a mixture of 1 at. glycol 
{ t acetic anhydride in a sealed tube for several hours at a temperature not ex- 
^ 170® C. and coUecting apart the liquid which, in the subsequent distillation, 
over between 180° and 186® C. (Maxwell Simpson, Proc. Roy. Soc. ix. 726.) 

» /n2TT4\»» > » 


(C*H»0)*0 


(CTP)” 

C'WO.H 


4 By heating 1 at. ethylenic alcohol (glycol) with 1 at. acetic acid to 200® C. in a 
sialetl tube. (Louron 90 .) 

Monoftcetato of ethylene is a colourless, oily liquid, boiling at 182® C. It is heavier 
tlian water, and miscible with water and with alcohol. The aqueous solution is 
neutral. It is easily decomposed by potash or baryta, yielding hydrate of ethylene, 
anJ iin acetate of the base. 

MoncihyUnic Liacetate. = 0* = (C*HT.(<?H*0‘)’— Pro- 

1. By the action of iodide or bromide of ethylene on acetate of silver: 

T2 „rCTI*0?rtT _ (CTIT^a. . oA»T 


(C*H')".P + 2 


(C-H*)''>o, 2AfrI 


Ifwlide of ethylene is mixed by small portions with irell-dpied acetate of silver, and the 
niixfiire is introduced into a flask. A brisk action soon begins, and the mass assumes 
a ycllcw colour, from formation of iodide of silver, and gives off a eonsiilerable quantity 
of* j:iis, priricipully carbonic anhydride and ethylene (arising from secondary actions). 
As soon us the mixture is sufficiently cooled, afresh portion is introduced, and the 
j.r.iivss cuntimied till between 100 and 160 grammes of iodide of ethylene have been used. 
At the end of the reaction, there is found in the flask a yellow mass of iodide of silver 
►iitiiratcd with a liquid ; and on distilling this mixture, which requires a somewhat 
liiuh temperaturo, an acid liquid passes over, coloured brown by iodine, and containing 
luctic acid besides neutral products. When subjected to fractional distillation, it 
I t^in-s to Ijoil at 120® C., but the temperature soon rises, and the portion which distils 
ovrr between 160® and 200® nm.st be collected apart. The distillate, which is still 
aoid, is redistilled over oxide of lead, and again subjected to fractional distillation, till 
it pa.sses over almost entirely between 180® and 190®. If it still contains a trace of 
i'^ lide, it must be rectified over oxide of silver (Wurtz). Bromide of ethylene is, 
liowt ver, to be preferred to the iodide for this preparation, because it is more easily 
obtained and has a low'cr atomic weight. (Wurtz.) 

2. By heating monoacetate of ethylene with chloride of acetyd in a sealed tube to 
100" C. for a day, the action taking place in two stages, as shown by the following 
equations: — 


o!5‘aio- . 

C^»O.Cl 

(crn^yw 

" c*H’’o{ci ■** 

C»IPO| 

n 

Moiioacntute of 

Chloride of 

Acetox y chloride 

Acetic oci 

Ethylene. 

Acetyl. 

of Ethylene. 


oSSio- - 

nr ' 

cm^o^o 

(C*HT?o* + 

JI*0. 


DiacetHto of 
Ethylene. 


Two layers of liquid are thus formed, the lower consisting of water, the upper of 
diaeetate and acetoxy chloride of ethylene. (Louren 90 , Ann. Ch. Pharm. cxiv. 126.) 

It is a colourless neutral liquid, nearly inodorous at common temperatures, but 
felling sliglitly of acetic acid when heated. Specific gravity *■ 1*128 at 0® C. 
point 186®— 187® C. Vapour-density * 4*744. 

“ hen poured into a small quantity of water, it sinks to the bottom in the form of 
oil. It dissolves in 7 pts. of water at 22®, and is separated from the solution by 
plonde of calcium. Alcohol and ether dissolve it in all proportions (Wurtz). By 
in presence of water, it is resolved into acetic acid and hydrate of ethylene. 

OVurtz.) 

^'^h^thylenicDiacetatee , — ^These ethers, which maybe regarded as compounds of 
aiiliydride, C*H®0*, with 2, 3, 4, &c., molecules of oxide of ethylene, are pro- 
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dueed. tcgether with monethylenic diacetat©, by heating oxide of ethylene with 
acetic acid or acetic anhydride, and may be separated by fmctional distilkti™ 
first portion of the distillate consists of monethylenic diacetate, after which th*^ 
over successively : P*>| 

JHet^lemc diacetate, “ (C*H*0)« C*H*0», boffing at about 28flo c. 

Tricthylenio diacetaie, “* boiling at about 290^ C 

Tetrethylenio diacctate^ " (C^H'0)^.C^H*0*, a viscid liquid which 

boils above 300° C. under the ordinary atmospheric pressure, and requires to be dis 
tilled in a rarefied atmosphere. 

Ine same compounds may be produced by the combination of neutral diethylenic 
acetate with 1, 2, 8, &c., molecules of oxido of ethylene. ^ 

Each of them, when distilled with potash, yields the corresponding polyethylenic 
alcohol, the general equation of the decomposition being : ^ 

♦ s:io' - <‘*£50... . .[c^jo] 


(cm*y) 

BTBTXifiKlI, ACBTOaVTTRATS OT. » 

C^H'O ) 

(C*H*)''.C*HW.C^HW (Maxwell Simpson, Proc: Boy. Soc. x. 116.)--Obtaine(l; 
1. By heating equivalent quantities of butyrate of silver and acctoxycbloride of 
©tliylene to 100° — 120° C., or of acetate of silver and butyroxychloride of ethylene to 
160°, then digesting with ether, filtering, and distilling (Simpson): 

(C'^H<)",C*H*02C1 + Ag « AgCl + (C^H^y'.C^HWC^HW 


2, By heating monoacetate of ethylene with butyric acid or chloride of butyiyl, or 
monobutyrate of ethylene with acetic acid or chloride of acetyl (Louren9o). It is 
a colourless li(^iud, having a bitter, pungent taste, heavier than water, insoluble in 
water, soluble in alcohol It is veiy stable, being but slowly decomposed by aqueous 
potash, even at the boiling heat. (Simpson.) 

BTHTXiBKB, ACSTOVABlOLaTB OB. (C*H^)".C*H>0*.C*H»0*. 

(Lou re n 90, Ann. Ch. Phorm. cxiv. 122.) — Obtained by heating monoacetato of 
ethylene with valeric acid, or vice versd. Colourless, oily, neutral liquid, boiling at 
about 230° C., insoluble in water, soluble in alcohol and ether. 

BTBTBinrB, AOBTOXTCHBOBXBB OF. C^H'CIO* - (C*H<y'.C*H»0*.a 
Glycol chloracetigiie^ Glycolic Chloracetin. (Maxwell Simpson, x. 114.)— Obtained 
by passing dry hydrochioric acid gas into mouoacetate of ethylene at 100° C., precipi- 
tating with water, washing, drying, and rectifying. It is a colourless liquid, having a 
specific gravity of 1*1783 at 0°C. Boils at 146° without decomposition. Vapour 
density by observation = 4 369 ; by calculation (2 vol) *» 4*244. 

BTBTX.B1VS» ACBTOX7ZOBZDB OF. C^H'IO* » 

Glycol iod<wi tiquc\ Glycolic lodacvtin. — Obtained by passing hydriodic acid gas into 
monoaectate of ethylene, or a mixture of equivalent quantities of glacial acetic acid pd 
glycol, externally cooled, till a portion of the liquid gives a considerable oily prccipi* 
rate on the addition of w*ater ; if the passage of the gas be further continued, iodide of 
ethylene is likely to be formed. The proauct is well washed with very dilute potash 
and dried in vacuo. 

Glycolic iodacetin is, at ordinary temperatures, an oily liquid, having a sweetish 
pungent taste ; at low temperatures it crystallises in tables. It sinks in water, wd 
IS insoluble in that liquid, but dissolves in alcoliol and ether. Heated with potash, it 
yields iodide of potassium, acetate of potassium, and oxide of ethylene. (Simpsoo*) 


BTBTUIWS, BUrXOATa OJP. C'^H^O* - 

foate . — 68 grms. of benzoate of silrer (rather more than 2 at) and 29 gnna, 
of ethylene are heated for several days to 100° C. in a long-necked flask ; the product is 
taken up with ether, and the solution treated with a small quantity of slaked 
then filtered and distillod in the water-bath. The residue on cooling becomes nnw 
with crystals, which are to be separated the mother-liquor, pressed betweeB 
paper, and purified by several reciystallisations from ether. ^ • ^ * 

By spontaneous cva|>oration of the etliereal solution, the compound is depositoo « 
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lonrless, right rhomboidal prisma, which molt at 67® C., forming a liquid 
fhiniftg* ^ ^ temperature above the boiling point of mercury, and distils without 

which by heating with potash, yielding hydrate of 

(Wurtz, Ann. Ch. Phys. [3] Iv. 437.) 

— This compotmd was discovered by 
xxxii. 376); further examined by Lowig {Dos 
Heid. 1829, p. 47), Serullas (AniL Ch. Phys. 

, 1836, No. 106 ; J. pr. Chem. v 28), and Reg- 

(Ann vyu. L-j /- produced by the direct combination of 

• » with ethylene. Bromine gradually oropped into ethylene-gas quickly loses 
hniuiine^ absorbs^ the gas, and is converted into bromide of ethylene, which may be 
by washing it with alkaline water, and then distilling over sulphuric acid and 
baryta alternately (Balard). As the combination is attended with great 
tion of heat, which may occasion loss of bromine, it is usually recommended to 
stream of ethylene-gas through bromine covered with a layer of water; unless, 
l-jffover tiie ciurent of gas is very slow, there is great risk of both ethylene and 
V^nii no being carried olf uticombined. The following is a good method of prepara- 
tion— A strong glass bottle of 2 or 3 litres capacity is provided with a perforated 
o,.-k through which is fitted a glass tube open at both ends, and reaching nearly to 
the bottom of the bottle, while the upper end, slightly projecting over the cork, com- 
r unicates by means of a flexible caoutchouc-tubo, with a gas-holder containing 
, tlivKne. To start the operation, the bottle is detached and filled over water with 
(.riiVliMie-gas, into whicli arc then poured from 100 to 130gmis. of commercial bromine 
find about haJf that quantity of water, the cork with the glass tube being imrae- 
diaf< ly rt'placcd. On gently agitating the bottle, the ethylene is rapidly absorbed, and 
on turning the stop-cock of the gas-holder, the gas rushes into the bottle as into a 
Ya<?uura. If the agitation be continued, a very largo volume of ethylene may be thus 
united with the bromine in a very short time, without the loss of a particle of the con- 
etitnentfl or of the compound. (Ilofmann, Chem. Soc. Qu. J. xiii. 67.) 

Bromide of ethyl(*ne is a colourless, fragrant liquid, which solidifies to a crystalline 
mass at about 0® C., melts at 9^, and boils at 129®. Specific gravity = 2*16. Vapoujv 
(knsity = 6*485 (Uegnault); by calculation (2 vol.) « 6*664, It is insoluble in 
r, but soluble in alcohol and in ether. 

Bromide of ethylene is decomposed by alcoholic potash^ which abstracts the elements 
of a molecule of hydrobromic acid, leaving broifiothylene or bromide of vinyl, C“H*Br. 

suJiihydrate of potassium it yields sulphydrate of ethylene, C^H^H'-^.S* ; with 
nonosnJ pkide and disulphide of potassium, it yields mono- ana disiilphide of ethylene. 
With aedate of silver it yields diacetate of ethylene (p. 567), and acts in like manner 
on other silver-salts. With acetate of potassium, dissolved in aqueous alcohol, it forms 
monoaectute of ethylene (p. 567). According to Louren^o, the first product of the 
aiMionis diacetate of ethylene, which is then resolved by the water present into mono- 
aiatate of ethylene and acetic acid (or by the alcohol into monoacetate of ethylene 
and acetic ether). Heated with cyanide of potassium, it yields cyanide of ethylene, 
(Simpson, i. 314). With ammonia it forms ethylene -diamine, diethylene- 
diaminc, and triethylene-diamine. For the reactions with ethylaminc, phenylamine, tri» 
ffhf phosphine^ and other organic bases, see Amhonioc-Basbs (i. 196) ; also EthylbnBt 
Bases and Phosphobus-Bases. 


‘;Se wd benzoate of potaaainm. 

BRoatroa or. 

,, , , ^„d mn chermsches Verhaltm, 
nT«iix 22«), D’Arcet (L’lnatitut 

i] JBIZ- — A ro-, O.OS 


JBrominated Derivatives of Bromide of Ethylene, 


Bromide of ethylene is decomposed by alcoholio potash, which abstracts the clonients 
f'f one molecule of hydrobromic acid, leaving monobromothylene, C^H*Br. This com- 
like ethylene itself, unites with 2 at bromine, forming C*IIBr*, which is in 
I' , J^anner attacked by alcoholic potash, yielding dibromethylene ; and by continuing 
his alternate treatment with alcoholic potash and bromine, the two following scries of 
compounds are obtained : 


Bppmcthjlene . 
IJibromethylene ^ 
Tnbromethylene 
otrabromethylene or ) 
Pibronude of Carbon \ 


Cm»Br 

C*HW 

C^HBri 

C’Bp 


Dibromide of Bromethylene . C*H*Br.Br* 
Dibromide of Dibromethylene C*H*Bri.Br* 
Dibromide of Tribromethylene C*HBr*.Br* 
Dibromide of Tetrabromethy- 
lene, or Tribromido of Carbon (PBri.Br*. 


^?*®^Bylene was discoveredby Regnault (Ann. Ch. Phys. [2] lix. 368); the rest,, 
the exception of C^Bri and <5'Br«, were first obtained by Cahours (Compt rend. 
‘^3), who did not particularly describe them ; he ohsf'rved, however, that 
Momides of the bromethylcnes are more easily attacked by alcoholic potash, in 
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proportion as they contain more bromine, the reaction gelding, in addition to bjoin* 
of potassium and a brominated ethylene, potassium-Balta of peculiar hrominatedal^ 
which have not been examined. 

Bromvthylene or Bromide of Vinyl, C*H*Br. — mixture of bromide of ethvl 
and alcoholic potash heated to 30® or 40° C. gives off a gas which, when 
passing throi^h water, then over chloride of calcium, and condensed in a recei 
surrounded with ice and salt, yields bromethylene as a colourless, very mobile Jiqa^i 
having an alliaceous, ethereal odour. Specific gravity about 1-62. Boils at ordinal 
temperatures. Vapour-density — 3*691 (Regnault). When kept in a sealod tuS 
it sometimes solidifies to a white amorphous mass of the same composition, having the 
appearance of porcelain, insoluble in water, alcohol, And ether ; this solid modification 
when heated becomes carbonised, with violent evolution of hydrobromic acid. (Hof. 
mann, Chem. Soc. Qu. J. xiii. 68.) 

Potassium heated with bromethylene decomposes it, with ignition. Chlorine attaclu 
it, forming an oily substance (Regnault). "With, ethylate or amylate of sodium, 
yields bromide of sodium, ethylic or amylic alcohol, and acetylene (S a witsch, Bull 
Soc. Cbim. de Paris, 1861, p. 7): 




C"H«Br 

Bromethylene. 


Ethylate of 
•odium. 


NaBr + 


TJo 


Alcohol. 


+ C^H*. 

Acetylene. 


A similar transformation takes place when bromethylene is passed into an ammo- 
niacal solution of nitrate of silver, the silver-compound of acetylene being then pro- 
duced. (Miasnikoff, ibid, p. 12.) 

Bromideof Bromethylene. C*n*Br* = C*H*Br.Br®. — Obtained by adding bromine 
by small portions to bromethylene contained in a long-necked flask surrounded by a 
freezing mixture ; purified by washing with alkaline, and with pure water, drying villi 
chloride of calcium, and rectification. It is a colourless liquid, having an odour some- 
what like that of chloroform. Specific gravity *=» 2*620 at 23° 0. Boils at 186’6°C. 
(Wurtz, Ann. Ch. Phys [3] li. 84.) 

Alcoholic potash converts it, partly into dibromethylene, partly into monohrometby- 
lene, and the latter, by the fiirther action of the alcoholic potash, is decomposed in tbe 
manner above mentioned, yielding among other products acetylene (S a wits eh), and 
bromacetylene (Reboul). If the bromide of bromethylene is added by drops to a 
boiling solution of alcoholic potash contained in a flask from which the air lias Iwn 
expelled by boiling the liquid for a short time, and the evolved vapours arc freed fonn 
admixed alcohol and dibromethylene by passing them through two or three wash- 
bottles containing water, and in which the air has been replaced by carbonic anhydride, a 
considerable quantity of gas is obtained, which, when freed from carbonic anhydride by 
wtash, is spontaneously inflammahle, and is found to consist of a mixture of acetylene, 
and bromacetylene, C'^HBr. (Reboul, Ann. Ch. Pharm. exxiv. 267.) 
f JBibromethylene. C’H*Br*. — ^Produced from the preceding compound, 

the action of sodium, of solid hydrate of potassium, or of alcoholic potash. 
When solid potash is used, the action is so violent that the dibromethylene distils over 
almost instantly. With alcoholic potash the action is more moderate ; and by drop- 
ping the bromide of bromethylene into boiling alcoholic potash, separating the resuu- 
fng products as above described, and rectifying the liquid collected in the first wash- 
bottle, the dibromethylene is obtained pure. ^ , 

Dibromethylene is a colourless, limpid liquid, which, in contact with the air, become 
tnrbid and deposits a white substance of isomeric composition ; having a specific I 
of 3*053 at 14*6° C. ; insoluble in water, alcohol, and ether, nearly insoluble in disulpniue 
of carbon ; not attacked by mineral acids at mean temperature ; decompos^by aqu^w 
ammonia, slowly in the cold, more quickly and completely at 100° 0., with *°^”**^ 
of bromide of ammonium and separation of a carbonaceous substance. Aqueous pot 
nets in like manner but more slowly. (Sawitsch, Jahresber. t Chem. 1860, p. •] 
Dibromide of Dibromethylene. C»H*Br« « C^HW.Br*. (Lenno^ ^f">* 
Soc. Qu. J. xiii. 206. — Reboul, loc. cit.). — Produced : 1. By the direct oombinauo 
bromine with ^bromethylene, which takes place with mat energy (Lennox). A j 
passing acetylene gas into bromine, the compound C’H* then taking 
(Reboul). Wien purified by wa,sliing and rectification, it boils at 
but with partial decomposition, giving off vapours which powerfully attack the 
When exposed to a freezing mixture, it sohdifies to a white crystalline 
insoluble in water, but easily soluble in alcohol and ether (Lennox). 
gravity 2*88 at 22° C. (Reboul.) _ 

Trihrome.thylene. C*HBr*.— Obtained by treating the last 
alcoholic potash, and precipitating with water. It is an oily liquid boiling « 
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t cliango spontaneously into an isomeric solid, easily soluble in alcohol and 
flu 1 ^ ^ich it crystallises in colouriess plates. An alcoholic or ethereal so- 
j“ modification likewise yields the crystalline solid by slow evaporation. 

^^TT^mldeofTrihromethylene, C*HBr* — C*HBr*.Br*. — Obtained: l.Bycau- 
^ j txibromethylene into a receiver containing bromine. Combination 

, __ i.Anfli{l(»mble enercrv. and the oroduct. after washini? with weak 


tiotisiy considerable energy, and the product, after washing with weak 

with water, is a yellowish-red oil, soluble in alcohol and ether, and solidi- 
when exposed to a frigorific mixture. (Lennox, loc. cit.) 

‘ ) Bv the action of bromine on Jjromacotylenc, C“HBr. When the gaseous mixture 
f tiiis compound and acetylene (p. 570) is passed into bromine covered with a layer 
' water (to moderate the action, which is otherwise so violent as to sot the gas on 
f ^^each of these bwlies takes up 4 at. bromine, forming the compounds C^H*Br*.Bp*, 

’ d and a liquid is obtained, which, when freed from excess of bromine 

[r jwieous potash, and sufficiently cooled, deposits the latter compound in crystals, 
ilWthe fonrier remains liquid. (Reboul.) 
pibromido of tribroraethyleno is insoluble in water, but soluble in alcohol and ether 
bonnox, Keboul), especially at the boiling heats of these liquids, and crystallises 
fr m itH alcoholic solution in beautiful prisms. It smeUs like camphor, melts at 
InO_ 50° C., and is decomposed by distillation. (Reboul.) 

Tiirahromethylene or Bihromide of Carbon. C*Br*. — ^Produced by the 
ufinn of alcoholic potash on the compound, C'^HBr* (Lennox), also by that of bromine 
,n alcohol or ether (Lei wig). It is a white crystalline solid. For its properties and 
•I act ions see vol. i. page 764. 

Pihromidc of Tetrahromeihylcne or Trihromide of Carbon, C^Br^ ==■ 
•BrMJr-.— Obtained : 1. By heating bromine in a sealed tube with dibromido of 
2. By lieating either of the compounds, C’H*Br*or C'^HBr*, with bromine and 
Viter in scaled tubes to 100® C. for 15 to 20 hours, or better to 180® for a few hours. 
ilvdrol'r»)mic acid is then formed, and as the tube cools, the com{)Ound C^Br^ is 
i.‘lwisitod in crystals ; the remaining liquid, which still smells of bromine, deposits, 
isiit'ii left to evaporate, a mixture of tribromido of carbon and dibromido of tribrom- 
ilivlcnc, which may be separated by olcohoL The formation of toribromide of carbon 
i npresented by the equations : 


ini 


C*H‘Br< + Br* . C*Br« + 2 HBp 
C^HB r* + Br2 - C*Br» + IIBr. 


Trihromide of carbon is but very slightly soluble in alcohol and ether, even at the 
iliii;:; heats of tliose liquids, but dissolves easily in sulphide of carl>on, and separates 
r tn flip solution by spontjineous evaporation in hard, rather thierk, transparent crystalfV? 
‘ ning the form of right rectangular prisms, with truncation of the latenil and two ol 
ir hasfil edges. When heated, it decomposes, before melting, at 200® — 210® C. inlOi^ 
rKiniuo and dibromide of carbon. (Keboul, Ann. Ch. Pharm. exxiv. 271.) 

ETBrnsarB, bvttbatii or. C'*H"0*= (C'n’O)’}^* “ (C»H<)“. 

^ 'Bd >*)*.— Obtained by heating for several hours, in the water- bath, a paste com- 
»spd of 90 grms. (2 at.) butyrate of silver, 48 grms. (1 at.) of bromide of ethylene, 
a sufficient quantity of butyric acid, exhausting the product with ether, and dis- 
^illing. After the etlier has passed over, the greater part of the romaining liquid 
i'Ntils l^etween 230® and 240® C., and by factional distillation butyrate of ethylene 
obtained, boiling between 239® and 241®. 

boiourlcss liquid, having a strong butyric odour, which is rather persistent when 
^‘j^id is rubbed on the skin. Specific gravity 1*024 at 0® C. Boils at about 240®, 
‘od distils without alteration. Perfectly insoluble in water, but dissolves in all pro- 
in alcohol or ether. (Wurtz.) 

BvmoxYCBXiOUBS or. c«h»cio*=.((pho".c^h^o*.ci 

^ m.ic Ckktrohutyrin^ Glycol Chlorohutyrique, (Simpson, U>c. e?7.) — Prepared like 
Hcetoxychloride (p. 668), Colourless hquid, having a pungent^ somewhat bitter 
■^' 0, insoluble in water, freely soluble in alcohol. Specific gravity 1*0854 at 0®C. 
point about 190® 

CB&OBXBB OF. C*H«C1*. Butch liquid. — This compound 
^‘WfWovered in 1796 by the Dutch chemists, Deiman, Paets van Troostwvk, 
, and Lau werenburgh (Crell. Ann. ii. 200), and has been further examined by 
(Ann. Ch. Pharm. i. 213 ; ix. 20), Dumas (Ann. Ch. Phys. [2] xlviu. 186), 
Ixiii 377), Rcgnault (ibid. Iviii. 301 ; Ixix. 251 ; Ixxi, 371)t Mai** 
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guti (Ann. Ch. Phys. [3] rvi. 6 and Pienro (Compt pend, tx\ iim 

See alflo Gm. (viii. 162). It is easily produced fer bringing ethylene gas in contaM^ • 
moist chlorine ^the gases scarcely act upon each other when iy), or with & 
|)6Pchlopide, which easily gives up part of its chlorine, or by the action of nenf JJ 
of phosphorus on hydrate of etliylcne. ^ 

Reparation , — ^Ethylene gas, produced by heating a mixture of alcohol andsnlphune 

Fig. 470. 



acid (p. 665), is passed through a wash-bottle containing potash to free it from sul- 
phurous acid; through a second containing alcohol, which removes vapour of etlitr, 
and sometimes through a third containing water to free it from alcohol<vji|)our. It 
then passes into a large glass globe {Jig. 470), having along neck, which dcwciuls into 
a liottle closed with a cork, and after the stream of gas has been eontinueil lorn; 
enough to expel the air, moist chlorine from another flask is ab»o admitted into the 
globe. The two gases then unite, forming an oily liquid, wliich runs down into t!i.i 
receiver. * 

2. Ethylene gas is passed through the tubulus of a retort contnining a slifjhtly 
heated mixture for the evolution of chlorine (2 pts. black oxide of manganese, 3 |‘ts, 
common salt, 4 pts. water, and 5 pts. sulphuric acid), and the chloride of ethylnn' 
thus formed is distilled off. This process may be employed for the prepimition of 
chloride of ethylene by m(*ans of coal-gas instead of pure ethylene. (Limpricht.! 

3. Ethylene gas is passed i nto pentachloride of antimony (produced hy Hatii* 
rating ordinary butter of antimony wdth chlorine, i. 318), and the prodiu't is distillel 
till the distillate no longer yields any oil on addition of water. The oily chloride of 
ethylene is then decanted, shaken up with oil of ritriol till it no longer blackens, tlu n 
distilled over a water-bath. 

The product obtained by either of these methods is purified by washing, first with 
alkaline, then with pure water, dried by contact with chloride of calcium, and rectifted. 

Properties . — Dichloride of ethylene is a colourless, neutral, oily liquid, havuig# 
fragrant ethereal odour, and a sweetish aromatic taste. Specific gravity « 1'247 at 
18© C. (Liebig); 1*256 at 12^ (Regnault), It boils at 82*6 under a pre^ ol 
765 mm. (Regnault), at 85® under a pressure of 770 mm. (Dumas), va^iu*' 
density « 8*4434 (Gay-Lussac), by calculation (2 vol.) « 3*4303. It is nearly in»j 
luble in water, to which, however, it imparts its odour, but soluble in alcofm an 
ether. It dissolves a considerable quantity of phosphorus when heated therewth. 
may be mixed, and even distilled, with strong sulphuric acid, without altei^tion. 

Jkco'mpositions. — 1. Dichloride of ethylene is infiammable, and bums with a 
very smoky flame, giving off vapours of hydrochloric acid.-- 2. When passed w t 
liquid state through a red-hot tube, it deposits carbon, and yields a mixture of 
chloric acid gas and a hydrocarbon which burns with a bluish flame, — 8. 
the state of vapour through a red-hot tube, it yields chloride of carbon, free 
and crystals of naphtholin. — 4. When covered with water and exposed to sunsniWi 
is gradually decomposed, yielding hydrochloric acid and acetate of ethyl : 


2C*H*C1* + 2H*0 - 4HC1 + C'H»0*. 

6. (Moriru, especially under the influence of heat or light, transforms 
tri-, and per-chlorethylene.^6. Ammonia gas does not act upon liquid 
ethylene, but when mixed with the vapour, it forms sal-ammoniac and 
gas (Robiquet and Colin, Ann. Ch. Phys. [2] I 213, ii. 206).--7. The dicUorsis 
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, . tubes with akoMUf - ammonia, yields the bases 

(C*II^)*.N* (see B^lbnb-basbs). ~ 8 . attacks it 

^^lentl} forming a porous mass, and eliminating a muituro of hydrogen and chlor- 

ctkjlene: 2C*H‘C1» + K* - 2KC1 + IP + 2C»H‘a 


T -g gcarcely attacked by aqueous potash, but by alcoholic potash, or ethylate of 
(or Rodium), it is resolved into hydrochloric acid and chlorethylene, C*H*Cl 
10 \Kii\\suiphi/drate, Tnonoeulphide^ disulphide, and sulphocyanate of potassium, it 
^dds the corresponding salts or ethers of ethylene. 


Chlorinated Derivatives of Chloride of Ethylene, 


Piclilorule of ethylene subjected to the continued action of chlorine yields the seve- 
1 j'jjiorinatcd diclilorides contained in the left-hand column of the following table, 
ami oioh term of this series (beginning with C'-H^CP), when treated with alcoholic 
pitiuih, gives up 1 at. IICI, ana yields the compound standing opposite to it in tho 

right-hund column. 


PirhlonMe of Ethylene 

Monoolilorinuted „ 
liicnlorinatcd 
Tricliloriniitcd „ 

piTchlorinated „ 


C^H^.CP 

C^H^CLCP 

C*H«CP.Cr'‘ 

C^HCP.CP 

O^CP.CP 


Chlorethylene , 
Dichlorethylono 
Trichlorethylene 
Perchlorcthyleno 


. C*H*C1 

, C’'HCl» 

CW 


These compounds are precisely analogous to the brominated compounds previously 
(ii'scribed. Each compound in the left-hand column of the table may be produced by 
the action of chlorine on either of the compounds w'hich precede it. 

Chlorethylene or Chloride of Vinyl, C*H*C1, is, at low temperatures, a very 
mohilc liquid, boiling even at —18® or — 15® C. The gas has an alliaceous odour, takes 
fnMvith difficulty, and burns with a red flame, green at the edges. Specific gravity 
0! tin; giis - 2T()6. In the liquid state it is insoluble in water, but dissolves in all 
} ^portions in alcohol and clhor. Potassium slightly heated decomposes the gas, 

» limiiiating carbon and a small <juantity of naphthalin. By chlorine in sunshine, and 
ly pcrcliloride of antimony, it is converted into the following compound : — 

Chloride of Chlorethylene, C’^H^CP =* C*n®Cl.CR — The best mode of prepa- 
r.ifion is to puss tho preceding gaseous compound into an apparatus containing penta- 
cliloride of antimony, and kept cool at the beginning of the action. It is an oily 
liquid, boiling at 116° C., and resembling Dutch liquid in appearance and in odour. 
Specific; gnivity — 1422 at 17° C. Vapour-density, observed «= 4*722 — 4*672 ; calcu- 
hted (2 vol.) =1 4‘591. 

Dichlorethylenc. C^H^CP, — Very volatile liquid boiling between 36® and 40® C. 
Odour alliaceous, like that of nioiiochlorethylenc. Specific gravity « 1*260 at 
0. Vap^our-denaity, observed = 3*321, calculated (2 vol.) — 3-36. When kept 
in sealed tubes, it changes spontaneously into a white crystalline isomeric substance. 
K poured into chlorine gas in sunshine, it takes fire and deposits carbon ; but if poured 
into the chlorine in tho shade, left there for 12 hours, and then exposed to the sun, it 
^ completely converted into crystals of percblorinated chloride of ethylene, or sesqui- 
cidoride of carbon, 

Chloride of Dichlor ethylene, C^II^CP =» OTPCP.CP. — Produced by the con- 
biiuyd action of chlorine on Dutch liquid or on*" chloride of chlorethylene. It is a 
l^juid smelling like the preceding compounds. Specific gravity *» 1*676 at 19° C. 
Boiling point 135° C. Vapour-density, observed » 6*796, calculated (2 vol.) *^6*821. 

i'^iehlorethylene, OTICP.— Produced by the action of alcoholic potash on tho 
preceding. It is on oily liquid which gives oiF hydrochloric acid when distilled. 

Chloride of Trichlorethylene, C*HCP =» C*HC1*.CP. — Produced by the 
at-tion of chlorine on Dutch liquid. It is liquid at 0® C., has a rather fragrant odour 
Jind hot sweetish taste. Specific gravity *= 1*66267 at 0® C. Boiling point, 163'8® 
a pressure of 763*35 mm. Vapour-density, observed ** 7*087, calculated (2 vol.) 
^ < ’^16. Alcoholic potash decomposes it, with great rise of temperature, yielding 
vnionde of potassium and the following compound 

or ethylene ot Dichloride of Carbon, C*CP. — Produced also by several 
other reactions (i. 767). 

Chloride of Derchlorethylene or Trichloride of Carbon, C•Cl•*»C*Cl^CP. 

by the continued action of chlorine on chloridfe of ethylene cr its chlori* 
^ted derivatives, and by several other reactions (i. 766), 
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a. oaaoBzoaxaa or. CTim (Maxwell p, 

rthylene.gas_ into aqncSo. d’-S 


Roy. Soc. xi. 690; xii. 278).— Produced by ^ssing «t] 

of iodine, or by agitating iodide of ethylene with the oame aoiution containinfr fill! 
iodine ; the former process is to be preferred. The reddish oil which collect^m 
bottom of the liquid is Washed with dilute ^tash and distilled. 

Chloriodide of ethylene is a colourless oil having a sweet taste and slichtlv snlwu 
in water. Specific gravity = 2*151 at 0® C. Boils at 146® — 147® C. HeaM witJ 
alcoholic potash, it decomposes, yielding iodide of potassium and a gas which Imi*/ 
with a green flame, and is probably chloride of vinyl, C*li*CL ^ 

Braninra, CTAHIBS or. « C»mCy«.^Obtained by the action 

of cyanide of potassium on bromide or chloride of ethylene (see p. 212). 

aTBT&SKB, nZB&OMXBB, BZCBBOBtBBp and BX-ZOBZBB or. See 

RtH¥l.nNn, Bromide, Chloride, and Iodide of. 

BTBnXBBp BTBTZiATSS OB. (Wurtz, Ann. Ch. Pharm. cviii. 84'!^ 

/p»‘pr4\'* ) 

The monoe thy late or ethyUglycol^ =» produced by the 

action of iodide of ethyl on ethylenate of sodium ; 

W\(\* + CH'I Nal + 

It is an ethereal liquid, boiling somewhere about 130® C., but it has not been obtained 
quite free from the following compound. 

Diethylate of Ethylene, or DietkyUglytol C*H*^0* « [nami 




preceding compound treated with potassium yields the compound ^|0*; and 
this, when treated with iodide of ethyl, yields diethylato of ethylene : 

ewijo’ + C‘H*I = KI + ggljljo*. 

It is a colourless, veiy mobile liquid, having a fragrant ethereal odour. Spe(*ific 
gravity 0*7993 at 0® 0. Boils at 123*6® under a pressure of 768*8 mm. Vapour- 
density, obs. « 4*095; calc. *= 4*089. It is isomeric with acetal, but is distingULslud 
therefrom by its higher boiling-point, acetal boiling at 104® C. 

BTRnBVB, BTBBATB8 OF*— BTBT&BBZO B&COBOM. Them 
bodies, which may be regarded as compounds of oxide of ethylene and water, are re- 
presented by the general formula : 


(C*H^O)-.H*0 




The first terra of the series (« « 1) was discovered by Wurtz in 1856 ; tho rest, up to 
n «■ 6, were obtained by Wurtz and by Louren^o in 1869 and 1860. 

Monoetbylenio Aloobolt OlyooL C®H*0* ■■ 1 0* -« C*H*0.H*0, 

(Wurtz, Compt. rend, xliii. 199; Ann. Ch. Pharm. c. 110; further, and in detail, 
Ann. Ch. Phys. [3] Iv. 400 ; Ann, Ch. Pharm, Suppl, L 85.) — The term glycol, foraeu 
firom the first syllttble of glycerin and the last oicucohol, denotes that the compound, w 
a diatomic alcohol, is intermediate between alcohol and glycerin, which are respecrtivey 
mono- and tri-atomic. ^ - ji u A' 

Preparationt — This compound, the type of the diatomic alcohols, is obtainod by ois* 
tilling the diacetate or monoacetate of othylone with potash : 


(C»H*0)‘ , 

Dlacetato of 
ethyleue. 

(c«H*r }o. 

Monoacetate of 
ethjlene. 




0* 


K*) 

Hydrate of 
putaiigiuni, 

t njo = 

Hydrate of 
pota^filutn. 


Hydrate of 
etnyleae. 

Hydrate of 
ethylene. 


+ 2 


lo] 


C*H*0 
K , 

Acetate of 
potastlum. 

C*H*0 
K , 

Aeetafce of 
poUMlum. 


0. 


1. Biacetate of ethylene (6'16) grm. is mixed in a flask with hy^te of P®***^? 
(4*72 grm.), previously igmted and pulverised. A brisk imtion immediate^ 
place, and after the lapse of a day, a mass of acetate of potassium is found in the u 
The mixture is then heated to 180° C. in an oil-bath, and after a small diMulW 
tube has been adapted to the flask, the heat is raised to between 260® and 
colourless liquid then passes over, which is to be rectified, and the portion whicn 
tils between 190® and 200® collected apart (Wurtz.) 
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, . gon (ML glycol by the action of potash or 

** umoacetate of ethylene, p. 668. According to Debus (Ann. Ch. Pharm. (nt, 
l,ant* on " glycol thus obtained is only about half the calculated quantity, 

316), tlieq from the formation of a compound which is but slowly 

by neat into glycol and acetate of potassium. Ho therefore recommends the 

^no^cetate of ethylene mixed with an equal Tolumo of water is exposed for 
1 ^ sixteen hours in a strong, well-corked flask, to the temperature of boiling 

^ . ^hen'bv it is for the most part resolved into acetic acid and glycol. On distill- 
Ihe^ntents of the flask, water and acetic acid pass over below 150° C. ; glycol 
ith a considerable quantity of the undecomposed acetate between 160° and 
and above 190°, glycol containing a comparatively small portion (about 16 per 
^ t {of the acetate. The portion boiling between 160° and 190° is again heated with 
f in a close vessel; the portion of the product which distils above 190° is mixed 
^th^ho former portion boiling at that temperature ; the whole is distilled with a 
^ Tititv of solid potash, just sufficient to neutralise the acetic acid ; and the liquid 
passes over at 246° is rectifled. Glycol is thus obtained boiling at 196°, 

^In aU processes for obtaining glycol from tho acetates or other compounds of 
rflivlrne, excess of alkali is to bo avoided, as it greatly diminishes the quantity of the 
rr-Mluct •’ in general, also, hydrate of barium is preferable to potash. The following 
Lthod inves good results when rather large quantities of glycol are to be prepared. 
The mixture of mono- and diacetate of ethylene, boiling between 180° and 190°, 
which is obtained by the action of bromide of ethylene on acetate of g>tassium 
(pn 566, 567), is mixed with as much hydrate of barium as would be sufficient to 
(iVcompose it were it all pure mono-acetate of ethylene, and the mixture is heated in 
a wat(Vl)uth till tho alkaline reaction disappears ; a further quantity of hydrate of 
harium is tlien added in small portions at once, tho mixture being heated for an }»our 
or more after each addition, until the alkaline reaction becomes permanent. Tho 
iTcattr part of tlie acetate of barium thus formed crystallises out on cooling; the 
instals are separated and washed with alcohol, the alcoholic washings being added to 
tho liquid drained from the crystals, whereby more acetate of barium is precipitated ; 
tliis is scparat<‘d by filtration ; and tho flltrato then yields pure glycol by fractional 
distillation. . j. . 

4. Cilyeol is also produced, together with diethylenic and a small quantity of tn- 
c'thyknic alcohol, by the direct combination of water with oxide of ethylene. When 
{.xide of ethylene is lieated with water for several days in a strong sealed flask, a 
sweetish liquid is obtained, from which glycol may be separated by fractional distilla- 
tion. (Wurtz, Ann. Ch. I?harm. exiii, 266.) 

Vrvjurties , — Glycol is a colourless, inodorous, somewhat viscid liquid, of specifio 
gravity 1125, boiling at 197*6° C. It mixes with water and with alcohol, but is only 
t^lightly soluble in ether. It dissolves hydrate of potassium, chloride of calcium, 
chloride of sodium, chloride of zinc, trichloride of antimony, and mercuric chloride ; 
carbonate of potassium in small quantity, the sulphate scarcely at all. 

Decompo.sitiofis. — 1. Glycol is easily oxidable. When it is dropt on platinuTn-hlacJe, 
the metal becomes incandescent., and carbonic anhydride is given off. If the action be 
moderated by diluting the glycol with water, and the oxygen of tho air with carbonic 
anhydride, glycolic acid, is produced by tho oxidation. — 2. Dilute nitric acid 

at mean temperatures converts glycol into- glycolic acid, at higher temperatures into 
oxalic acid (Wurtz). When glycol, diluted with four times its volume of water, is 
placed ill a tall vessel, strong nitric acid poured in through a long tube-fiinnel, so as to 
form a layer at the bottom, and the whole heated to about 30° C., glycolic acid, gly • 
oiylic acid, C®H*0*, and perhaps also glyoxal, C*H’**0*, are formed (Debus, Ann. 
Ch. Pharm. cx. 316).— 3. Glycol heated to 260° C. with hydrate ofpotasHum^ is con- 
verted into oxalic acid, with evolution of hydrogen : 

C*H«0* + 2KHO - + H». 

Glycol heated with ehlcride of cine is dehydrated, and yields aldehyde, C®H^O 
(isomeric with oxide of ethylene), and acmldchyde, a polymeric modification 

of aldehyde, boiling at 110° C. (Wurtz, Bauer, R5p. Chim. pure, 1860, p. 244.) — 
Glycol heated with oxygen-acids yields etbylenic ethers containing 1 or 2 at. of 
acid radicle, according to the proportions used (Louren90, Bull Soc. Chim. Nov. 
1S59; Ann. Ch. Pharm. cxiv. 122), e.g. : 

Glrcol. AcetkacW. Manoacet^ta 
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6. Heated with kt/drwMorio acid, it yielda hwdrDxycfaloride of ethvi^. / 1 
ehlorhydrin). (Wurte.) ^ WyecB, 


&k*) 


o» 


HCl 


Cl 

“ H ;o 


H*0. 


Similar reactiona with and hydtiodio acids (Wurtz). 7 . Pentachi a 

violently on glycol, forming dicbloride of ethylene ( Wurtz'j* * 


of phosphorus acts 

(?!b- 


*|o» + 2pca‘ - c<k*ci* + 


Methylene (WurU); 

2PC1*0 + 2Ha 


8. Glycol is likewise strongly attacked by the chlorides of acetyl^ hutyryl^ and oth 
monatomic acid radicles, yielding acetoxycliloride of ethylene, &c, ILouppi. ^ 
p. 670); thus: ^ 

‘wlo* + C‘H»O.Cl - ^ H«0. 

The same, and analogous compounds, are obtained by heating glycol with a fatty aci< 
and hydrochloric or hydriodic acid \ e, g. 


* “TJo * ™ , am 

9. Glycol heated with iodide of ethyl is partially decomposed, yielding monoethylate 
of ethylene (p. 676). 

Ethylenates of Sodium Sodium acts rapidly on glycol, eliminating hydrogf-n 

and forming monosodic ethylenate or monosodic glycol, VO* a white 

crystalline substance, which, when treated with iodide of ethyh yields iodide of 
sodium and monoethylate of etlwlene (p. 674). Heated in a sealed tube with broni- 
ethylene (bromide of vinyl), C*d*Br, it yields ethylene gtis and glycol, together with 
bromide of sodium and a small quantity of a sodium-fialt which is soluble in alcohol, 
and when decomposed by sulphuric acid, yields an acid having the odour of acetic 
acid, but exerting a reducing action on silver-salts. (Wurtz.) 

Monosodic ethylenate fused with excess of sodium is slowly converted into disod ic 

ethylenate ordisodic glycol, C*HMTa®,0*. This compound heated with dibromide 
of ethylene in a flask connected with a well cooled receiver, yields bromethylenc, 
together with glycol and bromide of sodium (Wurtz) : 

C*H«Na*0* + 2C*H<I5r* « 2C*H»Br + + 2NaBr. 


Polyethylenic Alcohols^ 

Those compounds, whose composition is represented by the general formula given 
on p. 674, when n =» 2 or upwards, are produced in the following ways: 

1. By heating oxide of ethylene with water in sealed tubes. In this manner 
Wurtz obtained diethvlenic alcohol, together with monotliylenic and a Bmall quantity 
of triethylenic alcohol. 

2. By heating oxide of ethylene with glycol in sealed tubes : this reaction yields 
diethylenic and triethylenic alcohols. (Wurtz.) 

3. By distilling the corresponding polyethylenio diacotates (p. 668) with an aliah, 
the general equatiou of the decomposition being : 

By this process, Wurtz obtained the di-, tri-, and tetr-ethylenic alcohols. 

4. By heating glycol with dibromide of ethylene to 110'^ — 120®C. in sealed tn^ 
The first products of the reaction are diethylenic alcohol, glycolic bromhydrin (ay 
droxybromide of ethylene), and water, as shown by the equation : 

8[C^*[0*] + CPH^Br. - (Cg')’l0* + jgj + 

Glycol. DIbromtde of Diethylenic Glycolic 

ethylene. elcoboU bromhydrin. 

and the other pol^ethylenic alcohols are form^ each from the one next below itia.w 
series^ by the actiem of the glycolic bromhydiin, according to the ^naral eqoatioii: 
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j bromic acid thus formed then acts on the excess of glycol present, repi^ 

I jjp bromhyd:^ and thus the action is continued. By this process, the 2-, 
duping 6-ethylenic alcohols have been obtained, and separate by ft^tional 

ni’ ?* n • and when a sufficient excess of glycol is present, the temperature being 
distillatK) ^ 20 ® C., stiU higher members of the series are obtained, 

continually more viscid, and each differing from the preceding in boiling- 
l^-^tniug ^ tem^rature of the mixture is allowed to rise 

130* the liquid turns brown and yields the hydrobromic .ethers of the poly- 
aieohols instead of the alcohols themselves, the hydrobromic acid produced 
f thl reaction then acting, not only on the glycol, but likewise on the polyetbylenic 
aMiols. (Louren^o, Compt rend. IL 365; R5p. Chim. pure, ii. 467; Ann. Ch. 

r)^yet:hylenL alcohols may be supposed to be formed by the union of two or 
ro nolinles of glycol, with elimination of a number of molecules of water, less by 
than the number of molecules of glycol which enter into tlie combination generally : 

- (n-l)H’O. . 

Biethylenlo AlooboL C‘H“0* - =(C’H*0)*H’0. (lourenjo, 

Bull. Soc. Chim. 1869, p. 77.)— This compound, the first discovered of the polyethy- 
Knic alcohols, contains the elements of 1 at. oxide of ethylene and 1 at. glycol, 
(C^II^O + and hence was originally called “ intermediate glycol-ether.” It 

is prepared by heating 3 at. glycol with 1 at. dibromide of ethylene (equal weights of 
tiio two) to 120° C. in a sealed flask for four days. Other modes of formation have 
ulrt'ady been mentioned. 

It is a sweetish syrupy liquid, boiling at about 245^0., soluble in water, alcohol, 
ind other. Vapour* density, observed = 3*78 at 311°C. ; c.*ilculated = 3*67 
i I<oiiren<,o). It is easily oxidised by contact with platinum-black, or by treatment 
with nitric acid; the latter converts it into diglycolic acid, C*H*0* » 

|o*, an acid isomeric with malic acid, and related to dicthylenic alcohol, 

II*^ I same manner as glycolic acid, ^ jj 1 0*, to glycol, ^ 1 0*, both 

those acids containing the diatomic radiede glycol yl, OTI*0, derived from ethylene, 
Cdl', in the same manner as acetyl, C*H*0, from ethyl, C'H® ; viz. by the substitution 
of 0 for ( W u r tz). 

Trietbylenlo AlcolioL C’H’W ^ ^ 0^ = (C*H^0)*.H*0. — This com 

pound is best prepared by heating oxide of ethylene with glycol in a sealed tube 
(2CriI«0 + C»H«0* » C«H*^0*). The chief product of this reaction is, however, 
dicthylenic alcohol ; but after this has been removed by fractional distillation, the re- 
wdue yields at about 290® C. a very thick liquid, which is triethylenic alcohoL (Wurtz.) 
This alcohol is likewise easily oxidised by platinum-black and by nitric acid, the 

latter converting it into diglycolethylenic acid, C*H**0* -■ (C*H*0)* 1 O*. 

^ H* J 

(Wnrtz.) 

AleelMl. CSH“0* - - ((?H‘0)*.H»0.-Brfk 

ander the ordinary pressure, above 300® C. ; in a highly rarefied atmosphere (under a 
pressure of 0*026 mm.) at 230® C. (Louren^o.) 

Veatothyieate Atoobol. C"H<K)* - - ((?H‘0)*.BP0.— Boil* at 

230® under a pressure of 0*026 mm. (Louren^o.) 

BMefhyienlo AleolMI. Boila at 

326® under the same pressure. (Lour 6 n 90 .) 

*THnnniip rbmztsmmuib of. c*H»BrO - ((^«H«)''.HO.:Br. 

BromkydritL Oiycol bromhydtwue, (Lourenco, Bulk Soc. Chim. de T^ari^ 
^ *2.) — Produced, together with diethylenic alcohol, by heatini* 3 at* monethylenip 
Vol.il PP 
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ftleobol (g^l)» with 1 at bromide of ethylene (equal weights of the two\ to 1200 n 
in a 0 ^ed flaek : 

a(C*k^H*0*) + C*k<Br* - (C«'H<)*.H*0» + 2(C%*HO,Br) + H»0. 

wrmnmn BYSBoncB&oBxsB or. c^smo » (C*H^)".Ho.a 

Glycolic CMorhydrin^ Qlyocl cktorhydHqyc, (Wurtz, Ann. Ch. Pharm. cx, i2o\ 
— bbtained: 1. By saturating glycol with hydrochloric acid gas, heating the liquid to 
100® C., repeating these operations till the liquid, on being removed from tho tul.^ 
no longer gives off fumes of hydrochloric acid, and rectifying (W urtz). — 2. By heat- 
ing glycol to 100® C. with disulphide of chlorine in a flask provided with an upright 
condensing tube : 

+ icm = + 2HC1 + SO» + S'. 

The sulphide of chlorine must be added at once in slight excess, otherwise an inse- 
Juble compound (perhaps a sulphurous ether) is produced at tho same time. The heat- 
ing is continued as long as any gas is evolved; the product is dissolved in ether; 
decanted from the sulphur which separates ; then shaken up with moist carbonate of 
potassium, and distilled after the ether has been evaporated off over tijo water-bath. 
The product amounts to nearly the theoretical quantity. (Carius, Ann. Ch. 
Pharm. exxiv. 267.) 

Hydroxychloride of ethylene is a colourless neutral liquid, boiling at 128® C.,(?olultI(‘ 
in water, burning with green colour in the flame of a lamp (Wurtz). Diluted with 
half its volume of water, and treated with aodium-amaUjam^ it is converted into com- 
mon alcohol, C^H*0, the change consisting in the replacement of an atom of chlorine ly 
anatom of hydrogen (Louren^o, Compt. rend. lii. 1043). Treated with an alcoholic 
solution ot culphydrate of potassium^ it yields oxysulphydrate of ethylene, 

(Carins.) 

BTBTZiSXril. BTBBOXTXOBXBB OT. C^HnO « (Cni<)".HO.T. ^Vy. 
tolio lodhydrin^ Glycol iodhydrique. (MaxwellSimpson, Proc. Roy. Soc. x. 1 1 It i . ) 
— Hydriodic acid is rapidly absorbed by glycol, great heat being evolved, and the 
liquid becoming black and thick from separation of iodine ; and on removing tho 
iomne by dilute potash, a mass of white crystals is obtained, consistimr of iodide of 
ethylene : 

4 - 2HI ^ 4 2H*0. 

But if the temperature be prevented from rising by surrounding the vessel with cold 
water during the passage of tho gas, a liquid product is obtained, which, after lacing 
treated with metallic silver to remove free iodine, exhibits approximately tho compo- 
sition of glycolic iod hydrin, viz. ll'l percent, carbon and 3*6 hydrogen, the formula 
C*H*IO requiring 13-9 C, and 3*0 IT. 

It is soluble in water and alcohol, but insoluble in ether. It has no taste at fiwt, 
but almost bums tho tongue after a time. It is decomposed by heat, yielding iodide 
of ethylene, and probably glycol : 

2(C»HM.HO) « C’HM* + C»H‘.HO.HO. 

It acts with great ener^ on silver-salts. Potash decomposes it, yielding iodide of 
potassium and oxide of ethylene. 

mnmBira, XODZBB oar. Discovered in 1821 by Faraday (Ann. 

Phil, xviii. 118); examined also by Regnault (Ann. Ch. Phys. lix. 367), D^Arcet 
(rinstitut. 1836, No. 105), and E. Kopp (J. Pharm. [3] vi. IIOJ. It is produced: 
1. By the direct combination of iodine and ethylene in sunshine (Faraday), or 
under the influence of a heat of 50®— 60® C. (Regnault). — 2. When vapour of iodide 
of ethyl is passed through a red-hot porcelain tube (E. Kopp) : 

2C*H^I « C*HT* 4- C*H^ + H* 

8. By the action of hydriodic acid on glycol when the liquid is not kept cool (Simpson^ 
It is easily prepared on the small s^e by j^ing ethylene ma over gently nested 
iodine, pait of the product then subliming in colourless needles. To obtain Iwger 
quantities, the iodine is heated in a lon^-necked flask, and a stream of ethylene gie 
aireeted on to its surfiice. The heat » raised very gradually, and aa soon as th« 
mass has become liquid, the gas is passed into it ny this means a brown ^ 
at length obtained, which ciystallises on cooling. It is purified from excess of io^c 
by washing with dilute potash, and Anally recrystallised from alcohol. (Regnault) 

Iodide of ethylene ciystallises in colourless needles or prisms, melts at 75® C., and 
sublimes easily, but with pi^ial decomposition ; it is only in on atmosphere of nf’ 
dtogen or ethylene gas that it can be suoUmed in perfectly colourless eiystali. It 1 * 
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1 hie in watCTt but dissolres easily in ether and in boiling alcohol, from which it 
^^^iscs for the most part, on cooUng. 

of ethylene is easily resolved into ethylene and iodine, this decomposition 
^ nlace slowly, even at ordinaiy temperatures, es^cially under the influence of 
taking ^ takes place rapim^, either in the air or in vacuo. It bums when 

in the flame of a spirit-lamp, giving oflF vapours of iodine and hydriodic acid, 
rhlorine cr bromine converts the compound into chloride or bromide of ethylene, the 
^ine being partly set free, partly uniting with tlie chlorine or the bromine. Aqueous 
l^h actebut slowly upon it, even at the boiling heat; but when boiled with alco- 
Kur' notash it is completely decomposed, partly into ethylene and iodine, partly into 
hydriodic acid and iodethylene, 

aTBTMUfSf XOX>A^TSl>. C*IPI. lodethylme. Iodide of Vinyl. — Prepi^d 
bv distilling iodide of ethylene with a strong alcoholic solution of potash, the receiver 
king kept at a low temperature. On adding water to the distillate, iodethylene sepa- 
ratca as a colourless liquid, having an nlliaccona odour. It is insoluble in water, but 
Tery soluble in alcohol and ether. Nitric acid decomposes it, separating iodine and 
red vapours. (Regnault, loc. cit.—'E. Kopp, Compt. rend, xviii. 871.) 

STBnXSITB* ZOBOCBXiOMBS OX*. C^H^CII.— Obtained by amtating an 
nqueous solution of cliloride of iodine containing a trace of free iodine with iodide of 
fthylcno, till the latter is converted into a black oily liquid, washing this liquid with 
dilute potash, and distilling : 

C^H^P + ClI *= C^H^CII + I* 


It is a colourless liquid having a sweet taste, slightly soluble in water, boiling at about 
U7° 0. (Maxwell Simpson, Proc. Roy. Soc. xi. 390; R6p. Chim. pure, 1862, 
p. 350. — See Addenda, p. 968.) 

XTBTZiBirC, oaUBB OP. CWO. Ethylcnic ether. Glycolic ether. (WurtE 
riSoOl, Compt. rend, xlviii. 101 ; Arm. Ch. Pharm. ex. 126 ; R<^p. Chim. pure, i. 222 ; 
ill detail; Ann. Ch. Phys. [3] Iv. 418, 427 ; Compt. rend. xlix. 398; Ann. Ch. Pharm. 
rxiv. 51 ; Compt. rend. L 1196 ; Ann. Ch. Pharm. cxvi. 249 ; R6p. Chim. pure, ii. 340 ; 
Compt rend. liiL 378; liv. 277; R4p. Chim, pure, 1862, p. 16, 176; Chem, Soc, J. 
XV 387 ) 

This compound is produced by the action of potash on glycolic chlorhydrin. Chlo- 
ride of potassium then separates, and oxide of ethylene is given off in vapour, which 
may bo condensed in a receiver surrounded with a frigorific mixture and containing 
a few lumps of chloride of calcium, over which the product may be afterwards rec- 
tifi(‘<h 

Oxide of ethvlone is a transparent colourless liquid, boiling at 13'6® C., under a pres- 

« , , rnc / 2.12 + 4.1 + 16 

sure of 746*6 mm. Vapour- density, ob8. = 1*422 ; calc. = 1*1)26 («=» ^ ^ 

0*0693). It is isomeric with aldehyde, but is distinguished from that compound by its 
l)oiling-i)oint (aldehyde boiling at 21® C.), and by its strong basic properties. It does 
not unite with the acid sulphites of alkali-metals, and does not form with ammonia 
a compound analogous to aldehyde-ammonia (i. 107). , . , rm. 

Oxide of ethylene mixes in all proportions with water and with alcohol. ^ The 
aqueous solution treated with sodiuTn^amalyam in a vessel cooled by a freezing mixture 
yields ethylic jdcohol : 

C®H«0 + H* = C*H«0. 

The liquid remaining after the alcohol has been distilled off contains glycol and the 
polyethylenic alcohols. (Wurtz, R4p. Chim. pure, 1862, p. 177.) . , - , . 

Oxide of ethylene is a strong base, uniting directly with acids, e. 
odd to form hydroxychlorido of ethylene or glycobc chlorliydnn (p. 677), C H ; 

^th acetic acid to form monoacetato of ethylene, C*H^O.C*II^O* ; with aceUc anhydride 
in various proportions, forming diacetate of ethylene, 

polyethylenic diacetates inmuded in the general formula, (C II O) .C H O •• 
(P- manner it unites with water, forming glycol, 

C*H'O.H*0, and the polyethjlemc alcohols, (C*H•O^H*0 - (p. d74), 

»hich may also be regarded as compounds of oxide of ethylene with glycol, 

Oxide of ethylene precipitates mayMei^ alvinina, ferric oxide, and cn^rie oxide, as 

pp2 
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liydral<«, from the solutions of their mite, and is itself jpreeipitated by potash or ^ 
its eombiiiation with hydrochloric acid. When it is sealed up in a flask witi 
stronff solution of chloride of magnesium for several hours, hydrate of magnesian 
depomted, and glycolic chlorhydrin remains in solution : 

2{Cm*.0) + MgCl» + 2H*0 « 2(C*H^O.Ha) + Mgn»0*. 

Oxide of ethylene unites directly with water, forming glycol and the polyethvle 
alcohols (Wurta) ; with sulphgdrtc acid, forming (^pwbably) sulpLydric glycol and i 
polyethylenic oxysulphydrates (Foster, p. 682); with bromine, forming the compou 
(Cm*Oy.Br*; with a»t»ion*fl,to form theethylene-hydoramines, NH»(p. 59; 

with aldehyde, forming the polymeric compound, — Oxide of ethylene vatK 

is absorbed by chloride of calcium at common temperatures. (Foster.) ^ 

Compounds polymeric with Oxide of Ethylene, 

C*]CT4l 

Diox ethylene, C*H*0* — — Bromide of ethylenic oxide subjected 

the action of reducing agents, such as s^phjdric acid or metals, gives up its bromii 
and is converted into this compound. The reduction is best effected with mercui 
On leaving this metal in contact with the bromine-compound in a tube for twonty-fo 
hours, a colourless mass is obtained, consisting of bromide of mercury impregnat 
with a volatile liquid, which may be distilled off. 

This liquid has a faint but pleasant odour, crystallises at 90^ C., boils at 102 
Specifie gravity 1‘0482. Vapour-density, obs. — 3*10; calc. (2 vol.) =. 30 
4 12 + 8 1 + 2 16 

( am : — X 0*0693). It is soluble in alcohol and ether; is not attacki 

by ammonia; unites slowly with acetic anhydride at 120® C. 

Dioxyethylene is probably the ether of diethylenic alcohol, (C*H^O)*.H*0 — H^O 
C*H*0* ; it is perhaps also a homologne of Buttlerow’s dioxymethylene, produced I 
the action of oxide of lead or oxide of silver on iodide of methylene. 

Compound of Ethylenic Oxide with Aldehyde, «= CTI'O.C’HM 

(Wurtz, E^p. Chim. pure, 1862, p. 16.) — Obtained by heating aldehyde to 100° C. 
a week with excess of glycol, and submitting the liquid product to fractional distiUi 
lion. The compound C*II*0* then passes over below 100®, afterwards water ar 
glycol. 

The compound of ethylenic oxide and aldehyde is a colourless liqiiid, liaviug n 
agreeable, but rather pungent odour, somewhat like that of aldehyde. Specific gravit 
w? 1*0002 at 0®C. Boils at 82*6. Vapour-density, obs. « 3*192; calc. (2 vol.) = 
8*047. If aldehyde is the oxide of ethylidene, this body may bo regarded as an oxii 
of ethylene and ethylidene. 

It is eoluble in volumes of water, but is separated from the solution by potaa 
and by chloride of calcium. Nitric acid attacks it strongly, forming glycollic and oxal 
acids, together with other products. It is not altered by caustic potash. It reduw 
an ammoniacal solution of nitrate of silver at 100® C., but not completely. Heated I 
140® with acetic acid, it yields diacetate of ethylene, together with a much more voh 
tile product, having an odour like that of Bauer’s acraldehyde. 

Oxide of ethylene and aldehyde do not unite directly when heated together 1 
100 ® C. ; but the aldehyde is resinified as when heated with potash. 

STBTXJWB, OXTBROMZBB OI”f or Bromide of Ethylenic Oxii 

C*H^O [ equivalent quantities of cooled bromine and oxide of ethylen 

are mixed and enclosed in a sealed tube immersed in a freezing mixture, the tw 
bodies unite into a red ciystalline compound, which melts at 66® C. to a dark re 
liquid, boiling at 96®, and emitting an orange-coloured vapour, which condenses o: 
eooling to the red liquid and crystals. The compound has a pungent odour, and gire 
off a perceptible vapour at ordinary temperatures. It is insoluble in water, but 
in alcohol and ether. Beducing agents, such as metals and sulphydric add, remove tb 
bromine and convert the compound into dioxethylene. 

B T HTO Pna, OXTSirXiPHZBa or. C»H«SO (Crafts, Ann 
exxiv. 113; exxv. 128).— Produced : 1 By the action of water on eulphotiro«>^® ® 
ethylene.— 2. By the action of nitric add on protosulphide of ethylene (p. 4W3). T( 
obtain it pore, the sulphide of ethylene is added by small portions to mming ritrii 
acid ; the excess of acid is then evaporated, and the crystalline residue is wash^ 
with water, then with alcohol, till it no lonm ea^bits any acid reaction. It is solabu 
in water, and crystallises ftom the solution m aente i^mbohedions of 73®. Xi|6es ^ 
unite with acids, is not attacked by ammonia^ but jpotash. deeoitodflSfl it^ 

'Sulphide of ethylene and a brow^ resinons body. > ^ . 
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5 ti 8 body might be represented by the formula O, or 1 8 ; but its M* 

icdonfl Bre not such as to lead to the supposition that it is thus constituted. 

of Ethylene^ C^H^SO*. (Crafts, /oc.ciY,)— This compound, which 

ioB the composition of hydrate of sulphethylene,^'*^*® | O* or glycol in which 2 at 

are replaced by 1 at S, or of glycolic acid in which 0 is replaced by S, is obtained 
by heating protosulphido of ethylene with fuming nitric acid in sealed tubes to 150® 
C. care being taken not to exceed this temperature, and to stop the operation before 
the oxidation is quite compdeto. As soon as the liquid in the tubes becomes well 
saturated with pemitric oxide, the dioxysulphide separates in small crystals. The 
tubes are then to be opence^ and the liquid poured into water, which separates a small 
quantity of the dioxysulphide ; and this, together with the crystals, is washed with 
boiling water, which removes the oxysulphide, C<'H*SO, that may adhere to them, 
further purification may be ejffected by dissolving the crystals in strong nitric acid, 
and again sep^ting with water. 

Dioxysulphide of ethylene separates from its solution in strong nitric acid in small 
ciystals, which under the microscope exhibit the form of prisms with obtuse summits. 
It is very slightly soluble in ordinary nitric acid, quite insoluble in water. Caustic 
yotash dissolves it without blackening, but converts it into a body which appears to 
possess slight acid properties and is not precipitated from its solution by acids. 

Guthrie (Chem. Soc. Qu. J. xiv. 132) obtained a hydrate of oxydistdphide of ethy-^ 
lene, C*II'*S*0.H’‘0, by treating sulphochlorido of ethylene (p. 684) with caustic potash. 
It is a yellowish liquid, insoluble in water, soluble in alcohol and ether. 

ETHTIiEira, OXTSVXiPBTSK&Ta or. C>H*SO » Mono- 

svJphydrate of Ethylene. SiUphydric Olycol. (Carius, Ann. Ch. Pharm. exxiv. 267.) 
—This body, intermediate in composition between glycol and sulphydrate of ethylene 
(p. 586), is obtained as a potassium-salt by treating glycolic chlorhydrin with excess 
of ijulphydrate of potassium in alcoholic solution : 

(“■fl'jS' • 21013 - <Sg'>'JS , ITS . ra. 

The alcoholic li(^uid is boiled for a quarter of an hour in a vessel provided with on 
upright condensing tube ; the liquid filtered from the chloride of potassium is super- 
saturated with dilute hydrochloric acid and evaporated in a shallow dish at 30® — 40® C, 
till an oily liquid begins to separate ; and the residue is treated with cold water, which 
dissolves chloride of potassium, and separates oxysulphydrate of ethylene, as an oily 
liquid, which is to bo wosIkkI with a little cold water, dissolved in a f mall quantity of 
dilute alcohol ; and the solution filtered, if necessary, and evaporated in a rarefied at- 
mosphere, taking care to avoid over-heating. 

Ojiy sulphydrate of ethylene is a colourless liquid of the consistence of glycol, heavier 
than water, and having a faint odour like that of mercaptan. It dissolves sparingly 
in pure water, easily in water containing a small quantity of alcohol, very slightly in 
pure iiher. 

Nitric acid converts it almost wholly into isethionic acid, C*H*SO\ with only 
traces of sulphuric and oxalic acids. 

With the salts of the heavy metals, oxysulphydrate of ethylene yields precipitates 
whose composition is expressed by the general formula | q« These precipi- 

tates are fiooculent, but quickly become granular, especially the lead-, mercury-, and 
Bilver-compounds. At 100® C. they soften to glutinous masses ; the mercury-salt, how- 
ever, melts to a viscid liquid. The mercury-saXX, is white, moderately soluble in strong 
alwhol, whence it separates by slow evaporation in long thread-like cuiwed needles. 
The rmc-salt is white ; the coy*per-8alt mrty blue-green ; the lead-Biilt light yellow ; 
the ^u^-Balt yeUowii^. They are all. insoluble in water and in acids, moaerately 
ioluble in strong alcohol, and are decomposed by sulphydrate of potassium. 

^itthylenio Oxyoulphydrate. C«H"S0* - (Catiui, foe. cit.) 

•-This compound, analogous to diethylenie alcohol, ie pi^uced, with evolution of anl. 
puyune acid, by filing the alcoholic solution of the preceding compound : 

,ro4t*(ST (c4i«)»)s ^ 

*0 prepaare it; the.aleoholic solution obtained in the preparation of the monoethylenitf 
soDipound, chloride of potassium neutralisation with hydro* 
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chloric acid, is evaporated, mth gentle ebullition, till the excess of the latte* is « 
polled ; the oily liquid which then separates solidifies on cooling to a white crystallin* 
mass, generally enclosing a certain quantity of the monoethylenic oxysulpliydi'ate ■ t 
may be purifitKi by washing with cold, very dilute alcohol, and recrystalljsation 
alcohoL 

Biethylenic oxysulphydrate crystallises from alcohol in groups of very slender 
microscopic needles ; melts at 60® C. ; is insoluble in tvater^ but easily soluble in 
okohol. The solution is precipitated by nvetallio aalta, tlie precipitates resemblinff 
those fbrmed by the monoethylenic compound in colour and other properties. ^ 

Diethylenic oxysulphydrate is easily oxidised by dilute nitric acid^ taking up 3 at. 

oxygen, and forming an acid, (SO)" -O*, which is dibasic, and easily forms salts in 


which both atoms of typic hydrogen aro replaced b^ metals. The barium- and lead- 
salts are easily soluble, and eiystallise indistinctly in microscopic laminie. 

When oxide of ethylene is heated to 100® C. in a close vessel filled with sulphydric 
acid gas, the gas is rapidly absorbed, and a somewhat oil^ liquid is formed, which 
cannot bo distilled under the ordinary atmospheric pressure: it boils without dist illing 
to any perceptible extent, the thermometer gradually rising to 300® and tho liquid 
turning brown. Tho first product of this reaction is in all probability oxysulphy- 
drate of ethyl ene, and the gradual rise of the boiling point seems to show that a 
number of polyethylenic sulphydrates of continually increasing complexity are subse- 
quently formed. (G. C. Foster, Efi&tolary communication,') 


BTBT&BZTB, 8TBiLBA.TB OP. Obtained by 

decomposing stearate of silver with bromide of ethylene and treating the product witli 
ether, &c., as in tho |)T«paration of tho beiizoato (p. 568). It forms small, lights, 
shining scales, resembling stearin, w'hich melt at 76° C. (W ur tz.) 


BTBnBBB. SirCCIirATBS OP. (Lourenqo, Kdp. Chim. pure, I860, p. 
179; Ann. Ch. Phiirm. cxv. 368.)— Two of these others have been obtained, viz.— 


(C»H^)" 

1. Succinetkylenic acid. 

may be regarded as derived from diethylenic alcohol by the substitution of 1 at. 
Buccinyl for 1 at ethylene, is produced when glycol and succinic acid in equivalent 
proportions are heated together in a sealed tube to 190® — 200® C. for about ten houw. 
An oily acid liquid is then obtained, which on standing solidifies to a mass of sinall 
ciystaLs of succinethylenic acid. This compound melts below 1 00® C., is soluble iu 
Water and alcohol, sparingly in ether, and when neutralised with wimonia, forma 
with nitrate of silver a curdy precipitate insoluble in acids, and exhibiting a compo- 
sition intermediate between C^H^Ag^O* and C®H®AgO* but nearer to the former. 


|o*. — This compound, which 


2.1fcutral Succinate of Ethylene, C«H®0®=- — Obtained by heat- 

ing succinethylenic acid to nearly 300® C. Water is then given off, and the residue 
SoSdifles on cooling to a crystallino mass of the neutral succinate. It melts below 
90® C., is insoluble in water and in ether, but moderately soluble in boiling ^cohol, 
whence it separates on cooling in veiy smsdl crystals. It is decomposed by distillation. 


BTBTUJrBf 8WBATB (AC») OP. C*H®SO» =» (S9^"|o». Svlyko- 

glyoolio acid (Simpson, Proc* Roy. Soc. ix. 725). — Produced by heating a mixture of 
glycol and monohydrated sulphuric acid to 160® 0. 

C^HK)* + H*SO^ « C<H*SO» + H*0. 


It is not known in the free stato. The barium-salt is obtained hy diluting the 
above-mentioned mixture with water, saturating with carbonate of barium, filtennp 
and evaperatinp; to a syrup over the water-bath, whereupon it separates as a whue 
solid mass, which may be purified by pressure between pa^r, and evi^ration m 
vacuo over oil of Vitriol. It is somewhat deliquescent, and does not readily 
lise. I)ecompoB6B slightly at 100® C. Easily soluble, in water, nearly insoluble in so* 
solute alcohol and in ether. From the aqueous solution sulphuric add throws down 
sulphate of barium. Baryta- water occasions no precipitate in the but on 

heating the Liquid for some time, it becomes turbid, from separation « ; the eame 
Salt. 

MMxawa. smLPBSBBa OP« These compound W obtmed by treati^^ 
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ehloridfi or bromide of ethylene with alcoholic Bolutions of the correaponding anlphideg 

of potassium. 

^fotosulphide of Ethylene, C*fl\S. Lowig and Weidmann in 1840 (Pogg> 
Ann- compound in an impure state as an amorphous precipitate, 

decomposing when distilled, by the action of duoride of ethylene on protosulphide of 
potassium; and Crafts (Ann. Ch. Pharm. cxxiv. 110) has recently obtained it pure 
and in well-defined crystds, by the action of protosulphide of potassium on bromide of 
ethylene, which is much more easily attacked than the chloride. The action is 
fttt^ded with considerable rise of temperature, and the resulting sulphide of ethyleue 
distilled off at 200® C. condenses in white crystals, which must be washed with ether 
to free tliem from an oilv substance. 

Protosulphide of ethylene is somewhat volatile at common temperatures, and distils 
undecomposed at 199® or 200® C., solidifying at 112® in the ciystalline form. It dis- 
solves in alcohol, in ether, and more abundantly in sulphide of carbon, from which it 
geparates in well- developed oblique rhombic prisms of 09® 44', generally most developed 
in the direction of the base. 

Chlorine decomposes it, with evolution of hydrochloric acid. With bromine it unites 
directly, forming a sulpho -bromide, C^H^SBr*. It is oxidised by fuming nitric acid^ the 
product consisting of CTPSO, if the temperature is kept below 100® C., but of Cr*H^SO* 
(pp 580, 681), either pure or mixed with the preceding, if it is allowed to rise to 160® 
(Carius, Ann. Ch. Pharm. exxv. 123). It does not unite with amrmnia. 

Protosulphide of ethylene is isomeric with the compound obtainod by passing sul- 
phydric acid into aldehyde. The latter compound is perhaps sulphide of ethylidene, 
and is distinjmished by its higher boiling point, not beginning to distil below 206® 0., 
and the boiling ];>oint then quickly rising to 260®, at which temperature partial 
decomposition takes place. (Carius.) 

Disuliihide of Ethylene^ C'-^H^S'-*, is a soft yellowish powder, which molts below 
100® C., and is decx)raposed by distillation. (Lowig and Weidmann, Pogg. Ann, 
xlvi. 84 ; xlix. 128 ; Gra. viii. 365.) 

Ventasulphide of Ethylene, CWS*^^?). — Produced by the action of alcoholiff 
tri-, or penta-sulphide of potassium on chloride of ethylene. It is a yellowish preci« 
liitsite, melting below 100® C., and decomposing at a somewhat higher temperature, 
(lidwig and Weidmann.) 

BTRTUlva, Sir&PBZTBS 01>. Isethionic acid, C”H*SO^ may be re- 
garded us cthylene’momaxilphuroue acid^ C*li®0*.SO*, that is, glycol with 1 at. sul- 
(SO/') 

phorous anhydride, or (C^II^)" ( 0^*, diethylenic alcohol in which 1 at C*H^ is replaced by 
SO; and disulpbetholic acid, C*H*S*0®, may be regarded as ethylene-di8‘ulphv/rou9 


md, C^Il*0>.2SO*, i. e. glycol with 2 at. sulphurous anhydride, or as ( 

i. e, trifthylcnic alcohol in which 2 at. CTP am replaced by 2 at. SO (C a 
Oh. Pharm. cxxiv. 262). See Isethionic Acid, and Sulphubous Etbebs. 

BTBTXBKTB, BlTbPHOBBOllEIOB OT. C^H^SBr^. (Carius, Ann. Ch. 
Pharm. cxxiv. 113). — This compound, which may be regtirded as a dibromide 
of ethylcnic sulphide, C*H*S.Br*, or as a sulphydrate of dibromethyl, ^ ** 

produced by the direct combination of bromine with protosulphide of ethylene. It is 
a yellow solid substance, nearly insoluble in rectified ether and in sulphide of carbon* 
. hen exposed to moist air, or treated with a small quantity of water, it is converted 
into white crystals containing less bromine than the original com^und. Thesa 
fi^ystals dissolve in a larger quantity of water ; and by treating the solution with oxide 
ot silver to remove hydrobromic acid, then filtering and evaporating, small rhombio 
whies are obtained, consisting of oxysulphide of ethylene, C^H^O. 

BTSmamn, SITLPBOOTBOXXBSS or. (Guthrie, Chem. Soc. Qtl. J 
rii- 109; xiii. 36 and 134; xiv. 128. — Jahresber. f. Chem. 1849, p. 479; 1860, p.4d3.)— • 
The following compounds of this group haVe^en obtained : 



iuB, Ann. 


Bichlorosulphide of Ethylene or 

C*H«.C1*S 

Lutulphoohloride of Ethylene or 

C«H*.C1*S* 


Sulphydrate of Dichlorethyl 
C*H*C1*>« 

H r 


Bisulphide of Chlorethyl 


C»H'C1> 

C*H*ClJ 
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Ditmlphochloride of Chloretb;ylen6 or 


Disulphide of Dichlorethyl 


C*H»CP 




Disulphochloride of Dichlorethylene 
C'H^OT.OTS* 


Disulphide of Trichlorethyl 
c*H*a»p* 


The first two of these com^tmds are produced by the direct combiuafion of tlia 
hlorides of sulphur, C1*S aud CIS, with ethylene ; the third is also a product of thi 
ction of CIS on ethylene ; and the fourth is produced by the action of cnlorine ou the 
■bird, or on disulphide of ethyl. 

They are all decomposed by distillation, and therefore the weights of their moh'- 
eules cannot be determined by experiment. ^ The last compound may, however, U 
produced by the direct substitution of chlorine in disulphide of ethyl, which* as 
shown by its vapour-density (p. 647), is (C*H*)* S*, not C*H*S ; the product formed 
from it by the action of chlorine is therefore (C*H‘^C1*)*.S*, not C*H*CPS ; and hcncA 
.also it is probable that the two preceding compounds are Correctly represented by th« 
formulae above given, rather than by the halves of tliose formulee. 

Diohloroeulphide of Kihylene^ C*H^C1*S, is obtained by passing ethylens 
' gas very slowly through dichloride of sulphur (CPS) contained in a bulb-apparutiin, 
and when the saturation is nearly finished, heating the liquid to 100° C., wnd passing 
^ a rapid stream of ethylene through it, partly to complete the action, partly to get rid 
. of chlorinated compounds of ethylene formed at the same time ; or the liquid, be^jro 
. complete saturation, is dropped into water at 80° C. to decompose the still remaining 
i chloride of sulphur ; repeatedly shaken up with fresh quantities of water at the Baiue 
temperature ; then left in contact for some time with dilute soda-ley ; agitated with 
.anhydrous ether to free it from suspended sulphur; the residue left on evaporating tli« 
ether is again dissolved in the smallest possible quantity of ether ; and the rtwidue left 
' on evaporating this solution is dried in vacuo over oil of vitriol. (Ann. Ch. Phann. 
^ cxiii. 2.)* 

It is a straw-yellow liquid, having a pungent odour like that of oil of mustard, an 
"astringent taste like that of horse-radish, and raising blisters on the skin; even the 
'vapour destroys the epidermis on the more tender parts. Specific gravity l-4()8 at 
13° 0. It is insoluble in water, nearly insoluble in cold, slightly soluble in hot alcohol, 
* soluble in about 60 times its volume of boiling ether. It is decomjposed by heat, 
•giving off chlorine, sulphydric acid, and volatile products containing sulphur and 
carbon. 


Diinlpho chloride of Ethylene^ C^H*C1*S*, or Disulphide of Monochlor^ 
xethyl^ I compound was first obtained by Nie m ann (Ann. Ch. Pharni, 

cxiii. 288), afterwards in a state of greater purity by Guthrie. It is pi^uccd 
when disulphide of chlorine, CPS*, is brought in contact with ethylene gas, either in 
'sunshine or at a temperature of 100° C. It is purified by agitation with warm water, 
drying, digestion in ether, and evaporation of tho ethereal solution in vacuo. It is a 
pale yellow liquid, having a not unpleasant odour, a sweet astringent taste, and acting 
strongly on the mucous membranes. Specific gravity = 1-346 at 19° C. Caustia 

.potash converts it into hydrate of ethylenio oxysulphide, volatils 

.without decomposition. 

Disulphochloride of Monochlorethylen C^H*C1^S*»C^H*C1*.C1*S*, or Hi- 


sulphide o/Liehlorethyl, 
of ethylene on sulphide of chlorine: 


-This body is also a product of the action 


V 2C*H" + 3CPS» « C«H«CPS» + 2HC1 + S^ 

♦It is prepared by passing a rapid current of dry ethylene gas for some time through snl- 
phido of chlorine contained in a capacious retort provided with a vertical condensing tni>c, 
fifterwards heating the liquid in a smaller retort till the boiling point rises to 180° C. 
^whereupon hydrwdiloric acid escapes and scarcely anything but unaltered sulphide oi 
chlorine distils over) ; decanting the liquid residue from the sulphur which separates 
on cooling ; digesting it for some hours jrith water at 80° C., then with dilute sot^ 
ley ; and dissolving it in ether, &c., as in the preparation of the compound 
It is a clear pale yellow liquid of specific ^vity 1*699 at 11° C., having a 
astringent taste, and when recently prepared, an agreeable odour, resembliiig oil of 
peppermmt and oil of lemon ; three or four drops of it produce head-ache. It ^ 

• Thffdfehlorlde of sulphur Is prepared by 8«lurfttingdl»ulphIdoofchIorlno(S*Cl*) witbdr»^o<fi®* 
at IQO C. snd coUecilng tbu dUUlLte from this product, which passes over between 7<r tmd Oir C. 
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■olttble ia alcohc^ and ether, uiolnble in water. Not volatile without decompodition^ 
■^en treated with chlorine, it is converted into the following compoond: — . 

Sulphoehloride of Dichlorethylene, C^H*C1*S* - C<H<Cl^a*S*, or 
pkide of Trichlorethylt — Produced bypassing chlorine-gas through 

the preceding compound in the dark, first at mean temperature, afterwards at 100^ 0., 
or by the action of chlorine on disulphide of ethyl Purified by passing a stream of 
wrlinic anhydride through it to remove hydrochloric acid and small quantities of 
sulpbiJo of chlorine, then digesting in ether, &c. It is a clear, pale yellow liquid, of 
gptiific grarity 1*219 — 1*226 at 13*6® C. It has a pungent, suffocating odour, is 
insoluble in water, soluble in alcohol and ether ; decomposes when distilled in the air, 
but volatilises completely without decomposition in an atmosphere of carbonic anhy- 
dride, (Guthrie.) 

■TBTuara. BvwanrBaATB or. c^H'S* = mshmeor 

Glycolic Mercaptan, — Obtained in alcoholic solution by mixing chloride of ethylene 
with alcoholic sulphydrate of j^tassium, and separating the liquid from the resulting 
chloride of potassium by distillation. The solution has a pungent odour like that of 
mercaptan, and forms with acetate of lead a yellow precipitate consisting of 
C*lPPb*S*. (Lowig and Weidmann, Pogg. Ann. xlix. 132.) 

When bromide of ethylene is poured into a concentrated alcoholic solution of sul- 
plijdrate of potassium, the liquid becomes warm, and deposits a large qnantity of 
bromide of potassium ; and on adding water to the filtered alcoholic solution, ethylenic 
mcrciiphin separates as a colourless oil, which is partially decomposed by distillation. 
(Kckul^, Lehrbuckf i. 666.) 

BTKYX.llIV»-aA8B8. Oloez in 1863 (rinstitnt. 1863, p. 213), by heating 
alcoholic ammonia in scaled-tubes with chloride or bromide of ethylene, obtained three 
volatile bases, which he supposed to be monamines, containing the radicles CH, C^I1% 
and C H*, viz.: 

Formenamlne. Aceteoainiiie. Propyltiniimine. 

CH>N = C‘H*N » N C>U’N - Nj^^. 

The second of these bases, or a substance isomeric therewith, was likewise obtained by 
Xatanson (Ann. Ch. Pharm. xcii. 48; xcviii. 20), who took the same view of its 

constitution. 

But the more complete Investigation to which these bases have boon subjected by Hof. 
mann (Proc. Roy. ix 154 ; x. 224), has shown that they are diamines, formed frtiin 
a double molecule of ammonia, N*H*, by the substitution of 1,2, and 3 roolcMiales of 
ethylene for 2, 4, and 6 at. of hydrogen respectively. Tlie mode of formation of their 
itvdrobromatos, or the dibromides of the corresponding diammoniums, is shown by the 
following equations 

C«H'i3r* + 2Nn» - [N^n«(C%‘)l"Br» 

Dibromlde of fthvicue* 
diammoniuin.' * 

2C*n*Br» + 4NH* « 2 NH^Bp + [N*HXCHI‘)T'Br* 

Dibrotnidi! of diethylcne* 
diaininunium. 

3Cr*H^Br* + 6NH* « 4 NH»Bp + [N-H»(C%«)»rBp» » 

Dibromtde of Criathjlene- 
diaiumoiiium. 

The formation of these three diatomic bromides is precisely analogons to that of the 
monobroimdes of*the ethylammoniums (p. 664J), the first being produced by the simple 
combination of the ammonia with the etnylemc bromide, when*as the formation of the 
swjnd and third is accompanied by that of bromide of ammonium. 

Chloride of ethylene appears to act on ammonia in a similar manner, but not so 
^adily. The reaction presents, moreover, several plieiiomona which still require 
nirtber investigation. The bromide acts upon alcoholic ammonia at ortlinaiy tem^^nw 
tuiT*s, but on aqueous ammonia only when assisted by heat. 

f he dibromides of the ethylene 'diammoniums distilled with {potash yield the oor- 
jesponding bases in the form of hydrates, which retain their water with such obstinacy 
that they can scarcely be debydrated by caustic lime or baryta ; the remark applies 
tnore especially to ethylene-diaiaine, wmch requires prolonged treatment with s^um 

* It dnerven to b« noticed that the eaperiraentel d«U which hnvc icfernice to the formation and pro« 
turtle* of the third bale are itlU eery scant) .--A. W. H. 
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to yield np the laet portions of water. By this meana the anhydrous bases or diam* 
are obtained, vis. : . 

Ethylene^KllamlDe. Diethylene-diainine. Trlethylene^lamine. 


C»HW « N* 


c%« 

H* 


C‘H'*N» . N» 


fCyfe* 

c%« 

I H> 


= K‘ 


C>H' 

C%< 

C?H* 


The second of these formul® is exactly double that of the acetenamine of Clocz • th 
first and third differ from the double formulae of formenamine and propylcnamin^ 
(p. 686^ by 2 at. hydrogen. ® 

The inadmissibility of the monatomic formul® is shown : Firstly, by the results of 
analysis, as may be seen by the following comparison of the calculated and experi- 
mental numbers of the hydMte of the first base {C^IFN.HO, or H'-'O, uccordiiJ 

to Cloez; 1C*HW.H*0 according to Hofmann), and of the corresponding hydi^ 
chlorate: 

Hydrated Base, 


Carbon . 
Hydrogen 
Nitrogen 
Oxygen 


Calculation. Analyses. 



C»H‘'N*H*0 

C^'IIW.H^O 

Cloei. 

Hofoiaun. 

• 

. . 31-68 

30-76 

31*12 

30*67 

. 

. 10-62 

12*82 

12*78 

12-97 

. 

. 36*84 

.3.5-90 

35-80 

36-32 


. . 21-06 

10000 

20*52 

100*00 




HydrocUorate, 

Calculation. Analyses. 



CIPN.irCl 

C*H«N“H2CP 

Cloez. 

Hohnann. 

Carbon . 

. . 18-32 

18*04 

17-56 

17-87 

Hydrogen 

. . 6-11 

7-52 

7-39 

7-55 

Nitrogen 

. . 21*37 

21*06 

20-47 


Chlorine • 

. 64-20 

63*38 

53*62 

53-17 


100-00 

100-00 




Secondly, by the boiling points. The three anhydrous bjises boil at 1 1 7°, about 1 7 0®, 
and about 210® C. respectively, the difference of the first two being 63®, and of ths 
second and third 40®. Now homologous substances related to one another in the 
manner indicated by the monatomic formul®, Cll*N, C’-'H^N, C*H^N, that is to say, 
differing by CH*, do not generally differ in lx)iling point by more than 20®. Moreover, 
inethylaraine, which contains 2 at. H more than the supposed formenamine of Cloez, 
is a gas at ordinary temperatures, and does not liquefy till cooled considerably below 
the freezing point of water. 

Ihirdly, and chiefly, by the vapour-densities. The vapour-density of the first base 
in the anhydrous state, as determined by experiment, is 2*00 (Hofmann): now ths 
formula of ethylene-diamine, C'‘‘H*N* calculated for a condensation to 2 volumes, gives 

, x 0 0693 — 2 08, whereas that of formenamine, CH*N, calca- 

m 

lated for a like condensation, give 1'014, In like manner the vapour-density of the 
second anhydrous base is by experiment 2*7 ; and by calculation fipom the diatomic 
formula, C*H'*N^ representing a condensation to 2 volumes, it is 2^, the monatomic 
formula, C*H“N, re<juiring 1*46. 

The vapour-densities of the hydrated bases ^pcar at first sight, to fbmish an 
argument in favour of the monatomic formul®. That of the first hydrated base was 
found by Cloez to be 1*47. Now the formula, C*H*NO or C*H*NMO, calculated for 

t vol. gives ^ ^ f ^ x 0*0698 1*32 ; whereas the diatomic formula, 

2 

C*H**N*0 or C*W*N*0*t requires 2*70, This, however, is a case of dis^assoeiahon 
(see Atoxic Wbights, i. 467), the hydrate splitting up, at the high temperature ^ 
which the vapour-density was taken, into water and the anhydrous base, each of whiA 
occupies 2 vols., and therefore the whole 4 vols. That these hydrated buses do actually 
split up in this manner at high temperatures, has been experimentally demonstrated 
with reward to another base of similar constitution, which will be sdterwards men- 
tioned (see p. 588). 
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The othylene-diepikea obtained as above m volatile, etronglv alkalme bodieii^ 
Uicb neutralise adds completely. Ethylene-diamine is a liquid ; diethylene-diamine 
* » solid substance, crystallising in transparent, well-developed ciystals, which, in 
^ter are apt to attain considerable magnitude. Monothylcne-diamine heated with 
nilroM odd yields oxide of ethylene and free nitrogen : 

f NK)* - C»H*0 + 2N* + 2H'0. 

A5suming that the diatomic ethylene-bases imitate the deportment of the monatomio 
ethyl-bases, each of the ethylene-diamines, when treated with dibromide of ethylene, 
nii^^ht be expected to be converted into the dibromide of the next higher base ; tri- 
hroiuethylene thus treated would yield the dibromide of tetrethylene-diammonium 


which, subjected to the action of moist oxide of silver, should be 
coBTcrtcd into the fixed base ^ These reactions do, in some ] 


I measure. 


actually occur, but they assume a much more complicated character, in consequence of 
ttic tendency belon^ng to dibromide of ethylene of exerting upon the diamines already 
formed, an action similar to that which it exerted, in the formation of these diamines, 
ujK>u ammonia itself, thereby giving rise to the formation of triamines, tetramines, and, 
in general, bases of higher atomicity. 

Etkyhne-dia mines containing both Monaiohtic and Diatamic Alcohol-radiclcs . — Tlio 
tyjiie iiydrogen of the ethylene-diamines may be replaced by the monatomic alcohol- 
nidicles, methyl, ethyl, &c. Each of these bases, whtm subjected to the action of iodide 
of ithi/l, takes up a quantity of that compound, forming the iodide of a diammonium coii- 
Niining both ethyl and ethylene, and this iodide treated with oxide of silver, yields a 
diiimine in which 2 at. of the original base are replaced by ethyl. Thus, by subjocting 
iiiom thyhme-diamine to the alternate action of iodide of ethyl and oxide of silver, the 
following series of iodides is obtained: 


Di-iodide of Dicthyl-ethylene-diammoiiium 
Di-iodidu of Tetrothy 1-ethylene-diammonium , 
l)i-iodide of Pentetliyl-ethyloiie-diammonium . 
Di-iodido of Hexethyl-ethylene-diammoniiim . 


. [N»H(C»H*)‘{C%*)]P. 


The first two iodides treated with oxide of silver yield volatile bases ; the third and 

fourth jiold the fixed buses jo, U*(OTPnC7iC) j 

tt close resemblance to hydrate of fetrethylammonium, the base with 6 at. of ethyl 
being incapable of taking up any more ethyl. 

Diethylone-diamine subjected to the same alternate treatment with iodide of ethyl 
and oxide of silver, yields only throe bases, one volatile and two fixed. The corre- 
B^wnding iodides are: 

Di-iodIdo of Diethyl-dicthylene-diammonium , 

I)i-h>dido of Triethyl-diethylcne-di ammonium , 

Di-iodide of Tetrethyl-diethylene-diammonium , 

Iodide of Methyl acts on the ethylenaminos in a similar manner, except that^ as in 
Its action on ammonia and the monamines, the final products of substitution are ob- 
teined at once, with little or none of the intermediate compounds ; thus, with ethylene- 
diamine, it gives t 

Bi-iodide of Hexmethyl-ethylene-diammonium, [N*(CII*/(C'4l*)]'T*, 
with diethylene-diamine : 

Bi-iodide of Tctramethyl-diethylene-diamraonium, [N*(CH*)*(C*H^P]"P. 

The dibromides of diethyl-ethylenc-diammoninm and dicthyl-dicthylene-diammo- 
Dinm obtained, together with other products, by the action of dibromide of ethylenn 
on othylamino : 


+ 2[NH*(C’n*)] - [N*H*(C*n‘)=(C'll^)]"Br», 

2C»n*Bia + 2[NH»(C*H*)»] = [N»H*(C»IP)’'(C»ll')''l"Br’ + 2[NH>(C»H*)Br}. 

The former of these bromides yields, by distillation with anhydrous baryta, a liquid, 
Jfhieb has a strong ammoniacal odour, and solidifies to a crystalline muss, somewhat 
like fused stearic acid. It may bo regarded as 



^ EliaYtENE-BASESi; 

of l)i 0 thyl'^tl^l 6 n 6 H^iam , • [^HXC*H*)*(C 4 l<)]?’ 0 , 

dr, Hydrato of Dietbyl-othylene-diamine . . . lN*^I*(C*H»)*(0*k<)].HsQ 

■ The anhydrous base N*H*(C^*)*(C*H*) « C"H‘*N* is obtained by re^tedly dig* ! 
ling the hydrate with excess of anhydrous baryta. Its vaj^ur-density, determine h' 
experiment, is 67*61 (referred to 'hydro^n as unity), which agrees very nearly witJ 
the uamber calculated from the formiua for a condensation to 2 voL, viz. 

|.12 + 16^.1.t.2.U _ base^ C*H'»N> H*0, ia fonnd by oxperi. 

ikent to have a vapour-density of 33 2, whereas, for a condensation to 2 volunw^, it 

should be — ^ ^ ■■ 67. This hydrate exhibits, therefore, the same anomaly as tlie 

hydrate of ethylene-diamine, that is to say, its vapour, when heated 16® or 20° above 
its boiling point, splits up into the anhydrous base and water, each of which occupies 
2 volumes, and the whole, therefore, 4 volumes. That such is the case may be experi- 
mentally demonstrated by confining a quantity of the vapour in a tube standing ovt r 
mercury, heating it, by means of a ghiss paraffin-bath, to about 170® C., observing its 
VohMns, and then losing up a few pellets of anhydrous baryta : the niercuiy immt,*. 
diately begins to rise, and the volume of the vapour is soon reduced one-half. (Proc. 
Boy. Soc. at. 697.) 

The second of the above-mentioned bromides, the dibromide of diethyl-diethy- 
lene-diammouium, yields, by distillation with baryta, a base, which is liquid at 
ordinaty temperatures, and boils at 185® C. This base is diethyl-diethylene- 
diamine; it is likewise produced by the action of dibromide of ethylene on dielli}!- 
cthylene-diianune, according to the equation : 

N*H«(C?n‘)*(C2’lI').+ C*H‘Br» = N’H’‘(C»ir*)'(C'il*)”Br’, 

Dicthyl-ethylene- Dibromldi* of IMethyl-dietit}*- 

dlainiue. lene-diaiiunuiiiiini. 

BtliyleBe»tiiamiiies,-tetramlnes, 4kO> The action of dibromide (chloride or 
iodide) of ethylene on ammonia, gives rise, not only to ethylene-diamines, but likewise 
to cthylene-bases of higher order, that is to say, bases in which a greater nurubtT of 
ammonia-molecules are joined together by the substitution of ethylene for an (‘<iuiv!ileid 
quantity of hydrogen. It is obvious that two molecules of ammonia win be joiiuil 
together into a stable compouii<l by one molecule of a diatomic radicle, tlin^e ammonia- 
molecules by two molecules of diatomic radicles, four by three, &c., thus : 
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. And generally, to unite n ammonia-molecules into a stable compound, the number of 
diatomic radicles which is necessaiy and sufficient, is n — 1 ; but the number of such 
radicles which enter into the combination, may, of course, be increased by further 
BubstitutioD, so long us there is any hydrogen left to be replaced. 

The number of stable compounds which can be formed by the action of n molecule# 
of dibromide of ethvlene, or other diatomic alcohol-radicle on 2n molecules of ammonia, 
ii represented by the following equations: 


iai*3r» + 2«NH» - [N-t»li-H*-^TBr-^> + (fi -l)NH'Br 

- [N» fe-H*- ]Bf -h iiNH’Br 

- Bi-^* + fn+l)Nn^Br 

• -I- (ii + 2)NH»Bf 

&c. Ac. ; 



ftelttHombeto* [»**• jBi* + ^NH«Br. it n h mm. 

or + ?^NH<Br, if « is odi 

tliiis for n~ 4, tbe serias of equations representiiig the possible nnmbor of stabte 
Bol/stomic bases produced is, 

4E"Br* + SNH* . [N‘ft‘H'*]Br* + SNH'Br 

- [N4*H']Br* + 4NH*Br 

- [N*fi«H*]Br» + CNH^Br 
«. [N‘fe‘ ]Br* + 6NH<Br 

gidfor«>'d, 

CBTBi* + lONH* = [N*ft*H»]Br* + 4NH‘Br 

- [N*iS*H"]Br» + CNH'Br 
-= [N*^*H*]Br* + 6NH*Br 

- [N*]S‘H»lBr* + 7NH<Br. 

The first equation of eacli series : 

nfeSr* + 2«NH* - Br"** +(n-l)NH‘Br . . . 

■eprcscnts the formation of the first or simplest term of each polyatomic group, or that 
11 which the replacement of the hydrogen by the diatomic alcohohradicle is the least 
liat is consistent with stability. 

The action of an alcoholic dihromlde on primary, secondary, and tertiary mona* 
nines, e.ff. on ethylamine, diethylamine, and triethylamine, is subject to precisely 
imilar laws ; but it eyidently becomes less compHca^d, and the number of possible 
products less numerous, as the number of atoms of replaceable hydtOgen in the mona* 
nine is diminished. 

To return to the general equation just eited. If w *■ 1, it assumes the simple form : 
+ 2NH* » [N*E'lI«]"Br» ; 

ehioh, if K » C*H\ represents the formation of dibromide of ethylene-diam* 
rinnium, the diamine of which, undergoing fhrther substitution under the influence 
if dibromide of ethylene, yields the hi^er terms of the series of diatomic ethylene^ 

lanos, viz. N^CPfrl'H* end N«(C'‘k‘)*- 
When n « 2, the general equation becomes 

2R3r» + 4KH* - [N*fe»H*]’"Bt* + KH^Br, 

^presenting the formation of the firsttermofasories of tri-ammonium compounds; 

he following terms of which are and 

Id the ethylene-series, this last equation represents the formation of tribromide 

'f diethylene-triammonium, ; which, under the influence of 

n alkali, yields diethylene-triamine, N*(C^*)Mr\ capable, when subjected to the 
Itemate action of dibromide of ethylene and oxide of silver, or an alkali, of yielding tri - 

d hylene-triamine, N*(C%*)*H*, and othertriamines of higher degrees of substitution; 

The portion of the mixture of volatile bases, obtained by the action of ammonia on 
lihromide of ethylene, which, after several rectifications, boils between 200® and 
C., consists almost wholly of di- and tri-ethylene-triamine. These bases cannot 
separated by distillation, in consequence of the proximity of their boiling points ; 
'ut their separation is effected by transforming them into platinum-salts, which 
i^tallise with remarkable facility. . . . ■ 

Both diethylene-triamine and triethylene-triamine are powerfully alkaline liquids ; 
oluble in eveiy proportion in water and alcohol, almost insoluble in ether. They boil 
pspectively at about 208® and 216® C. They neutralise acids completely, |pring rise 
^ the formation of well-defined and in most cases beautifully crystallised salb^ 
^Ihch are generally very soluble in water, sparingly soluble in alcohol, insoluble in 
>|her. The aqueous solutions of the salts are not precipitated by solutions of caastie 
•ItHlig, hut solid hydrate of potassium separates their bases in the form of nearly 
ulourless oily liquids, which rapidly attract carbonic acid from the air. 

Both these bases, and indeed tbe triamin^ generally, are capable of forming tbre j 
“ttses of salts, containing respectively 3, 2 and 1 molecule of acid ; thus, diethylene- 




t?: sftms contui^" M'<C>H')>E‘ shci, 

t^ldi* the latter being Btil^donbtfal, but the hr 
jattfba^ T^Wl^atinum-saltfi aDneapT 

,4Biaibit a sWSreali^ dit^nr^of ce^fcHiitiofa, being capable^hot only of for^LLt 
>^iDorreftp6ndiag^Co the jbbree mentioned ; viz. ® * 

,^[N*(C*H‘)*H*3HCl].3PtCl< 

N»(C^H*)^H“.2HCl.PtCl^ 

2[N*(C2H0*HMICI].PtCP ; 

e compoundfl in which the number of tetrachloride-of-platinuin molecules 
ihee/whilet tha^amoont of hydrochloric acid remains constant ; such as 

N*(C*H0*.H“.3nCl.PtCP 

2[N*(C%0*-H*.3HCl].PtCP ; 

of water of crystallisation, which many of these salts retain with great 

; diversity of salts introduces considerable difficulty into the process of 

^>'lli^^ting the two bases by converting them into saline compounds ; most of the salts, 
however« and especially the platinum-salts, crystallise very readily, a circumstance 
; >:whieh greatly facilitates the determination of the conditions under which the more 
salts are prodnebd. 

. The triplatinic Biilt of diethylene -triamine, 2(C<II**N*.3HCl).3PtCP, crystallises in 
nagniflcent golden-yellow needles. It cannot bo recrystallised without decompr^sition ; 
a peculiarity which likewise belongs to the platinum-salts of several otlu‘r triatomic 
ammoniaa New platinum compounds are thus produced, in some of wliieh the 
chloride is united with a smaller number of molecules of platinic chloride ; whilst 
others, almost insoluble in water, and containing a very large amount of platinum, appear 
to be produced by platinic substitution. 

Triethylene-triamiae, C«H*“N*=N»(C%*)»H*, forms salts of greater solubility 
than those of dirthylene-triamine, and exhibits a greater tendency to form inipcrfoctly 
saturated salts ; indeed, the normal or triacid salts of this base are obtained only in 
presence of a laige excess of acid, feebly acid solutions always depositinc salts contain* 
ing 2 at. acid to 1 at. of the base ; and these diacid salts, when mixed with the free 
base, yield salts approaching in composition to the mono-acid salts, e,^;. C®H*®N*.HEr 
though these last nave not been obtained quite pure. 

The nonnal platinum-salt, 2(C*H‘*N*.3HCl).3PtCP, crystullises in long gold-coIourc«l 
needles, much more soluble io water tlain the platinum-salts of tho ethylene-diamines 
as well as of diethylone-trianiine, with which the triethylene-triamine is likely to be 
contaminated.^ It cannot be recrystallised without suffering decomposition like the di- 
ethylonic platinum-salt above mentioned. Left in contact with an excess of tho triacid 
nydroehlorate of triethylene-triamine, it changes, after a day or two, into well-formed 
prisms of considerable size, containing about 8 per cent, of platinum loss than the o^ri- 
ffinal salt^ and apparently consisting of a platinum-compound the constitution of which 
is not yet perfectly established. 

The normal goCi-salt C*H**N*.3HC1.3AuCl* crystallises in yollow plates soluble in 
water, alcohol, and ether ; they may be recrystallised from water, but on protracted 
ebullition they are decomposed, with separation of metallic gold. 

Ethylated Triamines, — The ethylene-triamines just described are powerfbUy 
acted on by the iodides of methyl and ethyl, doubtless producing ethylated or methyl- 
ated ethylene-triamines. The products thus formed have not however been examined 
in detail, bnt some of the ethylated derivatives of the ethylene-triamines have been 
obtained by the action of dibromide of etihylene on ethylamine. This reaction, ^ 
already observed (p. 687), wlds a mixture of bases, which may be partly separated 
by firamonal distillation. The portion whirii, after several rectifications, passes over 

ielow 200® 0. consists mainly of two ethylated diamines, N\C&®)(C*H*)*H*i *0^ 


-he portion of the mixture boiling above 200® contains the ethylated triamines. 
IMssolved in hydrochloric acid and mixed with tetrachloride of platinum, it yielda 
a splendidly crystallised platinum-salt, which, by numerous crystallisations, 
•eparated into two salts, one sparingly soluble, the other more soluble in water, they 
of the platinnm-salts of the two bases ; 





])ieth7le^«-ti!|»thjl-triamine 

Xriethylene-triethyl-tnAmine 


.om 


'h 





Both these beses are oily liquids, powerftilly caustic, ejEtremely sdluble 
boUing between 220° and 260® C. Both form neutral ciystalline salts Tety soluble in 
^erriikevi*®! though less so, in alcohol. The p)ld and platinum salts of diethyls^^ 
trirthVl-tTianiine, which have the normal composition, crystallise well ; 

The sidts of the second bases are even more soluble than those of ibe 
num-salt crystallises only when the solution is evaporated nearly to dryness, , ^ t, . 

Diethy lone-diethyl- triainine,C*H*’N*=lI’J(C’H*)', is another bMeacwilHBMi 

( H* ' % ; 

found among the bases of higher boiling-point produced by the action of dibtoinidn^ 
ethylene on ethylamine. Its formation is due to the presence of small qsafilidttiei 
ammonia in the ethylamine employed : ^ ^ 

3[N(C*H»)H=] + NH* + 2C2H‘Br" =» [NXC*H*)*(C»H»)»n-]Br* 4- 


This base forms remarkably beautiful crystalline salts, among which ths kjfdro- 
chlorate, C*H**N*.3HC1, is distinguished by its insolubility in alcohol, a property whlcl 
renders it easy to separate this base from the other bases accompanying it. The by« 
droehl orate ciystallises in leaves having a nacreous lustre : it is very soluble in water 
inisoluble in ether. Tho corresponding nydHoilaie, C*“H‘^'N*.3HI, is much more soluble 
and is formed only when a great excess of acid is present. In fact, the ethylatec 
fthylene-triamines exhibit the same tendency to form diatomic salts as the ethylene 
triamines themselves. A solution of dietlwlene-diethyl-triamine just neutralised will 
hydriodic acid, deposits the salt C®H*'N*.2HI. The nitrate, C*H*'N*.3HNO*, disaolvei 
readily in hot, moderately in cold water, and is deposited from a hot saturated solutioi 
on cooling in large rectangular tables having tho aspect of nitrate of sih'cr. 

TBTBAmNE8.-~The general equation a (p. 689), when w 3, becomes: 

3R”Br» + 6NH* - + 2NH'Br; 


showing that tho simplest tetramine of the ethylene series is : 

Triethylene-tetramine . , . C*H"N* = 


The separation of this base among the products of the action of dibromide of ethylene 
on ammonia is attended with very great difficulty, on account of its high boiling point ; 
hut it may be obtained pure by submitting ethylene-diamine to the action of di bromide 
of ethylene : 

2[N'|(^7'] -h C«!b*.Bi» + 2HBr =• 

The hydrobromic acid which appears in this equation arises from another phase of the 
reaction not yet completely stuffied. 

T*'|®thylene-tetramine, separated from the bromide by oxide of silver, is a powerfully 
alkaline liquid, which dries qp to a syrup, showing no tendency to crystallise. The 
platinum-salt, C*H*®N*.4HCl*2PtOl** is pale yellow, amorphous, ^most insoluble. ’ 

Ethylated Tetr amnia niume, — ^These compounds, obtained by the action oif 
dibromide of ethylene on ethylamine and diethylamine, are mofe easily prepared in a 
state of pimty than the ethylene-tetrammoniums themselves. 

Dibromide of otbylene heated with diethylamine to 100® C. in sealed tubes for 
aom hours, forms three bromides, viz, bromide of diethylammonium, dibro- 
mide of ethylene-tetrethyl-diammonium, and tetrabromide of tri- 
ethylone-octethyl-tetrammonium : 

+ C*H*Br* - 

+ 3C»H‘Br* > j^N«|(C*H»)^ Bx* + 
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pan off with the ifeei% while » fiied aiv. 
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fams well defined shIU. Tbe platinum sali^ almost insoluble in water 
';4lonarH{fs from H ' dilute and gently warmed solution in small crystalline plates ooi^ 
"ainjng (StoW^l^SPlCl*. This salt treated with sulphuretted hydrogen is eon. 


' ftita the soluble chloride, w'hich ^elds with trichloride of gold a oystal- 
?dine gotd^alt containing C*^H“N^Cl^4Au(5l*. The iodidst is obtained by 

^“treating the. free base With hydriodic add, It is soluble in water, but may be 
obtained in white crystals by solution in alcohol and evapor^ion. 

The ocMhylated base treated with iodide of ethyl, yields the iodide of tri- 
ethylene-nonethyl-tetrammonium: 


C='JP-N'r 


[»1 


(cni«)n 
(CW)M p, 
H -J 


which forms Tcry fine crystals less soluble in alcohol than tbe octethylated iodide. 

When dibromule of ethylene is heated with tthylamim to 100® C., in sealed tube*, 
a more complicated reaction takes place, giving rise to the formation of six, and occa- 
iioually of seven bromides, viz. : 

Bromide of EthyJammonium . 


Pibroniide of Ethyleiie-diethyhdiunimonium 


Dibromide of Diothylene-diethyl-diammonium 


[ ( cwr 


Br» 


■ 

r /(c'H^n" 

. I Bt* 

r f((?5i‘n‘’ 

. Bt* 

Tlie ammonias belonging to fJie first five of these bromides (which Imve been 
considered) are volatile, and, when separated by oxide ofaUver, are easily ^yen 
current of steam. Tboim then remains a powerfully alkanhylignidy npnpsting in most 
eases exclusively of the hydrate of pentethylene-totrethyl-tVirammonium; 

C“H-N*0* - [N‘(C%*)'(CW)‘H2|'jo.^ 

The simple sidts of this tetrammonium are extremely soluble and very 
mstallise. The gold-Boft^ C**IP WCl*.4 AuCl*, and the ptatinufMoli, 0 **H*WCl*. 2 PtCl , 
A the contrary, are difficultly soluble, and are obtained in an amorphous form, or as 
wery indistinctly crystalline plates. 

dlie formation of the pentethylenate^^llfbaiiimonium is represented by the equation 

*** * . 

fihe pentethylated base, which still confain82 at. of replaceable hydrogen, may with 


Tribromide of Dicthylcnc-triethyl-triammonium 


Tribromidc of Trietbylone-triethybtriammonium 


Tetrabromide of Pcntothylcnc-tetrethyl-tctrammoaium 


Tetrabromide of Ilcxothylcno-tcfrffbyl-tctrammonium 


rad lastly fnto 

“'w«xathTlene-t«tr®tliyl-tetrain^»la*», a^ich, ^a» 

".tuiiillv produced by. the action of dibromide of ethylene on eUwliimia&may be: 
in a state Of purity by the airtion of 'dibrumhu of ethylene 
"^Jjl^gnune.orondietnylene-diethyl-dianunejthnB: , ^ ■ 
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llmatmic Bases ^oduced by the action of Dibromide of Ethylene on Ammonia and 
the Monamines, t 


The action of ammonia oli the bromides of diatomic alcohol-radicles likewise gives 
rise to the formation of monatomic ammonium-bases, containing monatomic radicles in 
rt liich 1 atom of hydrogen is replaced by bromine. Thus ammonia and dibromide of 
thfene acting upon one another in equal numbers of molecules may produce the fol- 
kming compounds containing the monatomic radiclo bromethylammonium, 




2C‘'11W 

3C’H^Br* 

4C*H«Br* 


+ 

+ 

+ 

4 - 


NH* - 

2NII* = 
2NH* « 
4NH> « 


N(C*H<Br) H*lBr. 
tN(C*H«Br)*IP 
N(C’n*Br)*H 
N(C*H^Br)* 


iBr + 
|Br + 
Br + 


NH‘Br. 

2NH^Br. 

3NH'Br. 


These monatomic bromides differ from the diatomic bromides in this respect^ that 
Mily half the bromine which they contain is removable by oxide of silver, whereas in 
ho diatomic bromides, both atoms of bromine may be thus removed. (See Ammonium- 
Dases, i. 196.) 

Further, if tho reaction takes place in presence of water, the bromine within tho 
liiilicle may be removed in the form of hydrobromic acid, and its place supplied by the 
iiinloouliir residue of the water, HO, producing monatomic bromides containing tlie 
niaicle oxethy 1, C’H\HO) or C^H*0 ; viz. [N(C*H»0)H»;|Br, &c. (the oxethylcnamines). 

].astly, a third class of monatomic bromides may bo produced in consequence of the 
l- ndency of dibromide of ethylene to split up into hydrobromic acid and bromide of 
iiii.vl, C^H^Br (p. 669). In this manner tlie bromides of vinyl -ammon iuin, 

N C H*)TP|Br, and of di-, tri-, and tetra-vinyl-ammonium may be produced. ' 
Tlicse reactions are complicated, a very largo number of bases being produced at 
•Hiv'. so that the separation of them becomes a matter of considerable difficulty, 
“'iiiijilrr results are obtained by acting on dibromide of ethylene with etliylumine, di- 
iliylafiiino and trietbylamine, the reaction becoming less complicated as the number 
't utoins of replaceable hydrogen in the amine becomes less ; it is especially in tlio 
ttction of dibromide of ethylene on the tertiary amines, that the monatomic bromi<h*H 
»re produced : the results s'uggested by theory for this case are simple, but exp* rini(^i.t 
liJiM tailed to produce some of the most interesting terms which are possible. But all 1 lie 
compounds are obtained when a terliHry inonophosphine is substituted for tJie 
tertiary monamine; with tnethylyhosphine,forintitineo, tho following salts aregeiierulid. 


[P(CWBrXC*n»)*]Br. 

P[(C''H'K)XC’‘^H»)*lBr. 

^ [P(C‘‘U»)(C IP)*JBr. 

,Sce Phosphorus-Bases.) 

Oxetbyienaminea or Sthylena-liydoramliiea. (A. Wurtz, Compt. rend, 
ihx. 898 ; liii. 838 ; K4p. Chim. pure, 1860, p. 67 and 1861, p. 41.)— Oxide of ethylene 
jjwtes directly with ammonia in various proportions, forming a series of phases which 
Bt'ho discovered them, represents by the general formula (C‘‘‘H*0)*.NHV 

H» JN. 

When oxide of ethylene is placed in contact ^th a concentrated aqueous solution of 
“Dunonia, a powerful action takes place in a few minutes ; on eva^rating the pro- 
over the water-bath, and saturating the syrupy residue with hydrochloric acid, 
’‘."uttnpe of the. hydrochlorates of three oxethylcnic bases is obtaine<l, viz. of mono-, 
and tri-Qxethylenamine, which may be sepanited by mesiiis of absolute aloohoL 
VoL. II. Q Q 



ETHi^lBiElBil5ES. ' ' 

of trioreth jlamine, i, b,oJ«bi, i, 

absolute alcohol^ and in piwipitated on adding that liquid to the mixture. 

2. On adding tetra^oride of pladnum to the alcoholic solution, the dioxcthyUn 

amine is precipitated in the form of a platinum salt containing 

,PtClV. If the alcoholic solution contains a little water, as when a strong aouw, 
solution of chloride of platinum is used, this salt is not entirely precipiUited, buttr 
precipitation may then be completed by the addition of ether. ’ 

^ ' 8. If the ether be added in successive small portions, the character of the precipitat 
gradually changes, and in place of the preceding platinum-salt, which crystallises il 
splendid rhomboi'dal prisms, light, golden-yellow, nacreous scales arc at length obtained 

consisting of the platinum-salt of monoxethylonamine, 2 

c^n^o t 

The hydrochlorate of monoxethylenamino, separates Kpont.oneouslv 

aftor a long time from the alcoholic mixture of the hydrochlorates of tin's and tlif 
dioxethylenic base, obtained as above, in small crystals, which may he freed from t!i(] 
thick mother-liquor by rapid wasliing with absolute alcohol. 

The hydrochlorates of these two bases are likewise formed by heating a mixture ol 
hydroxychloride of ethylene (glycolic chlorhydrin) and aqueous ammonia to 100^ C., 
in a strong flask for several hours : 

C»H»C10 + NH* - (C*H^O.NH»).HCL 
2C*H»C10 + 2NH* = [(C'‘'H^O)*NH>].HCl + 



The product of the reaction is ovaporat-ed to dryness, and the residue digostct) \vi?h 
absolute alcohol, which dissolves the two oxethylenic hydrochlorates, and leaves the 
sal-ammoniac. Hydrochlorate of trioxethylenamino does not appear to be foruuMl in 
this reaction. 

The bases separated from the hydrochlorates by the action of oxide of silver, inui 
evaporated in vacuo, are thick syrupy liquids, having a strong alkaline reaetion, and 
remaining in the form of thick syrups when tbeir solutions are cvaiX)rat(Hl in 
vacuo. 

Tetroxethylenamine OT Tctreikylene^h^doraminCy (C*IT^O)\Nn*.— When trioxetliyKn- 
amine is heated in a sealed tube with hydroxychloride of ethylene, a maiis <1 
ciystala is formed, consisting of the hydrochlorates of tri- and tetr-ox(‘tliylenfiniim', 
together with a syrupy liquid containing the free tetrethylenated base. The hydr.)- 
chlorate of this base is formed by the direct union of the elements of the acting sub- 
stances : 

(C»H«0)«,NH» + C*H<O.HCl « [(C>*H^Oy.NH*].HCL 

The hydrochlorate of trioxethylenamine is formed, together with oxide of ethylene, 
in the manner shown by the equation : 


(C*H<0)».NH» + C^H'O.HCl - t(CTT«0)*.NH»]HCl + CWO; 


and the oxide of ethylene thus set free unites with another portion of trioxethylena 
mine, producing the free tetrethylenated base. 

The chloroplatinate of this base, 2[(C*H‘0)«.NIP].2HCl.PtCl* ; crystallises in lin< 
golden-yellow scales, easily sohible in water, insoluble in alcohol and ether. 

The mono-, di-, and tri-ethylenated bases, in the free state, may be referred to tn( 
^pe {^monia, NH*, bjr supposing them to contain the monatomic radicle oxetht/lenr 
'rforr 


C*H\HO) or C*H*0 ; their formulae then become 

>jN. 


Oxethytenamine. 


Dioxethylenamine. 


(C’H*0)*N. 

Trioxethjlenamlne. 


Their salts may, of course, be represented as ammonium-salts, —a mode of represents 
tion whidi may also be extended to those of the fourth base ; the hydrochlorates, loi 
example, may be formulated thus : 


c>Hg|N.a. (CTi‘0)*N.a 

But the fourth base (C*H^O)‘.NH* in the anhydrous state cannot be 
an ammonia. Moreover it u found that trioxethylenamine, (G*HH))*.KH^ can 
up, not only 1 at 0*B*0 to form the tetrethylenated oase, but likewise 2, 3, 4, 
coles of oxide of ethylene, forming bases of greater and greats complexity, 
tinaaUy diminishing in basic power, but^ nevertheless all possessing the same 
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..fcaracters, being capable of turning reddened litmus blue, saturating hjdro- 
Chloric acid, and forming hydrochlorates which unite with dichloride of platinum. 
Tbo platinum-salts thus obtained are very difficult to separate one from the other, 
i^ing non-ciystalline gummy masses. Two of them have, however, been obtained in 
sufficiently definite state for analysis, and have yielded numbers agreeing approxi- 
with the formul® 2[(C*H^O)>NH*].2HCl.PtCl%nd 2[(C*H*0)’5ir>].2HCf.kcP. 
it is impossible to refer these more complex bases, containing more than four 
molecules of oxide of etliylene, to the ammonium type ; hence it is better to regard the 

vhulo series of bases as formed on the mixed type, | , -- ^ 


H“(N * general 


formula being I the name hydora mines, proposed 

b)' Kokul6. (See fogt-note, vol. i. p. 197.) 

"^Tliis mode of reprt^entation may also be extended to those bases produced by the 
aftioii of dibroraide of ethylene on triethylamine and trict hylphosphine, which on p. 693 
uro spoken of as monatomic, and containing the radicles brt^mothyl and oxethyl, a y. 


Bromide of Triethyl-bromethylammonium 


(Cai’Br)' 


N.Br = 


{mvy’lhr^ 


Set' the article Ammonium-Casbs (i. 196) ; also KckuWa Lvhrhiich (p. 668). 

Fur etliyleno-bases containing Arsenic, see vol. i. p. 400 ; for those containing Phos- 
phorus, see Phosphokus-Bases. A. \V. IL 

STBY&SSrS-CARBAIM[Zl>ll8. Eihylcne-urcas, (Volhard, Proc. Hoy. Soc. xi. 
268.)— Compounds produced by tlie action of cyanic acid and the cyanic ethers ontlie 
ethylfne-diainines. 

Klhyhnc-dicarhamide. - N\CO)*(CTPy'H*.— This compound, 

which cuutuins the elements of 1 at. ethylono-diamine (C'lPN*), and 2 at. cyanic acid 
(CBNO), i.s produced by the action of cyanato of silver on dichloride of ethylene- 
ili.iTnmoniuni. It crystallises in prisms soluble in water and in alcohol ; melts at 
dissolves easily in hydrochloric or nitric acid, and separates out unalteretl 
on I'vajwration. Boiled with very strong potash-solution, it splits np into ctliylene- 
diamine, carl)onic acid, and ammonia : 


C‘H»®N*0* + 4KUO = enPN* + 2NH» + 2K*CO*. 


Kthvleno-dlcarbamide is a mono-acid tetraminCf forming with dichloride of platinum 
iho sail 2(C‘ll‘«K<02.HCI).PtCl', ami with trichloride of gold the salt C^I£»®N*.H0l. 
.AuCl* The platinum-salt crystallises in orange-red prisms; the gold-salt in goldcn- 
yi'ilow scales. 

^ yAhiihine-ditthiil-dicathamide, =. NX(3b')-(CTr‘y'(C'IP)«H'~Of 

this coiripound there are two modifications : a obtained by the action of cyannte of 
^‘livcir on chloride of ethylene-dicthyl-diammonium ; /3, by the direct union of 1 at. 
etliyh iic-diaminc (C^H'*N'^) with 2 at. cyanate of ethyl (C^IPNO). Both tliese bodies 
crystalli.se in needles ; but o dissolves very easily in wafer and in alcohol ; melts with 
Firtial decora po.sition at 124° C., forms a platinum-salt oontainiug C"H‘"NT)“.IICM. 

and an unstable gold-salt ; whereas /8, though easily soluble in boiling water, 
tlis.solves with difficulty in cold water, and is even less soluble in alcohol : it melts 
without dccomjx)8ition at 201° C., soliditying again at 186^, and does not unite witli 
the chlorides of gold and platinum. Moreover, a heated with f)otaRh i.s resolved into 
‘thylone-diothyl-diamine and the products of decomposition of cyanic acid, viss. 
earbonic acid and ammonia : 

C*H‘«N'0’ + 4KHO = + 2NH» + 2K"CO’; 

whereas B splits up into ethylene-diamine and the derivatives of cyanic ether, viz, 
carbonic acid and ethyl amine : 

+ 4K:H0 =. C*H*N* + 2C*IPN + 2K*C03. 

Iwo modificationa of diethylcarbamide produced, the ohe by treating cyanate of 
ethyl with ethylamine or with water (i. 764), the other by the action of cyanic acid 
on diPthylamine, exhibit similar differences, the former splitting up into carbonic aciil 
^d ethylamine ; the latter into carbonic acid, ammonia, and diethylamine. 
BTKTXMnB^niCBXiOMOB OF FULTmVIlC* C«H"PtCP = (c«ir*Pta.).ci. 
'^fiammabte or Detcnating chloride platinum/Ethyl-chloroplatinu: acul.. (Zeiso, 
11830] Pogg. Ann. xxi. 497 and 642 ; xL 234. — Griess and Martins, Proc. Hoy. 

XI. 609, — Gm. viii, 388. — Gerh. ii. 316.) — Obtainetl by distilling alcohol with 
^tjHchloride of platinum. Aldehyde is then given off, together with hydrochloric acid 
chloride of ethyl, and there remains a dark brown li<juid. which deposits a large 

Vt Q 2 
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quantity of a black explosive powder containing ethylene-dichloride of platiattB 
together with hydrochloric acid and other substances : 

2C*H*0 + PtCl* « C^H^PtCl* + C»H*0 + 2HCI + H*0. 

Preparaiion.’—l, One pt. of tetrachloride of platinum, as free as possible 
dichloriclo, is dissolved in 10 pts, alcohol of specific gravity 0*823 ; the solutio., 
distilled till the residue is brought down to one-fifth (a very gentle hojit only beinjt 
applied towards, the end of the operation, because the mixture is very apt to jump 
and splash over) ; the liquid residue filtered to separate it from the black inllamnuiljlii 
platinum deposit ; the filtrate (the crtide liquid) cautiously evaporated to dryness • 
the brown residue, mixed with black and yellow particles, exhpsted with cold water *; 
and the yellowish brown solution separated from the undissolved brown guninjv 
substance, and evaporated,— most advantageously in vacuo, because in that case thoro 
is not so much insoluble brown matter reproduced. The yellow or yellowibh b^>wn 
residue is then redissolved in water, a few brown particles again remaining 
undissolved, and the filtrate evaporated in vacuo over solid j^tash : othyleue-diclilorido 
of platinum then remains in a state of tolerable purity, (/eiso.) 

2. A concentrated aqueous solution of tetrachloride of platinum is added to a ronrm- 
tmted aqueous solution of the compound of ethylene-dichloride of platinum and sal- 
ammoniac, as long as a precipitate of chloroplatinate of ainnionium continues to iall ; 
liquid quickly filtered, and eveaporated quickly in vacuo, first ovor oil of vitriol, urni 
then over oil of vitriol and hydrate of potash ; the gummy and friable re.sidue waslj. i 
with a small quantity of water to remove any excess of tetrachloride of platinum, or oi li.u 
compound of ethylene-dichloride of platinum with sal-ammoniac, tliat may lit* pn scjir: 
then dissolved in a larger quantity of lukewarm water, filtered from the chloroplaf innifi of 
ammonium, and evaporated in vacuo. Tlii.s method yield.** the purest product. (Zeisf,) 

Properties, — Ethylene-dichloride of platinum is a very pale lemon-colound sni - 
stance, which becomes brown and black by exf^osui'e to liglit, but docs not 
moisture fi*om the air. It dissolves slowly in water and in alcohol. The soliitiuii.s 
have an acid reaction, and are very liable to altcratio)*. 

Dreompositions, — 1. The compound subjected to dry clistillution froths up moclrratcly, 
gives off a large quantity of hydrochloric acid gas and carbiirettod hydrogen, ini.l 
leaves a black residue, which, when heated in the air, burns without flame like cliar- 
coal, and leaves metallic platinum. — 2. If set on fire in the air before it h;is h\'\\ 
ignited, it burns with flame and leaves metallic platinum having a silvery lusfrf'. 

8. The aqueous solution heated to the boiling point quickly bocomes tnrbi<l, ur.l 
deposits nearly all the platinum in the metallic state, at the same time giving <)}F 
hydrochloric acid and a large quantity of combustible gas, but neither alcohol nor ( tln r. 
the solution likewise becomes decolorised and depo,sits a brown mucus, even at cvnlimuv 
or slightly elevated temperatures, especially if exposed to light. The aqueous solution tij 
the pure compound obtained by the second mode of preparation may be evapom ' 
ill vacuo without decomposition ; but the solution of the compound prepared by th*' 
method suffers some degree of decorapo.sition when thus evaporated. If, however, a un’.r>‘ 
quantity of hydrochloric acid be added to the aqueous solution, it is not flecempos'd 
even by boiling,- - 4, If nitrate of silver be added to the aqueous solution jusf so 10114 
as a prccipUato of chloride of silver continues to form — and the liquid be then ui* 
terc^ the filtrate becomes turbid in a few minutes and soon yields a large quantity ot 
black pulverulent platinum-deposit, which increases considerably on the application ot 
heat; alter which the filtrate will again throw down chloride of silver from a solutnui 
of the nitrate. Part of the chlorine is therefore more intimately combined than tJic 

rest, 5. The aqueous solution mixed with excess of potash^ yields, after a icw 

days, s brown-grey gummy deposit, retaining, however, a considerable quantity o 
platinum, which is not precipitated till the liquid is lieated. If the aqueous 
immediately heated with excess of potash, it gives off a ^as and a distillate win* 
smells like tallow, and deposits a black powder mi.xed with metallic scales, wni 1 . 
when dried and then strongly heated, detonates with violence; it also sets nre 
alcohol.— 6. The aqueoius solution acts with iTimjnesia in the same manner m 
potash, forming a powder, which when freed from magnesia by dilute nitric aci^ ^ 

washed and dried in vacuo, likewise explodes violently when heated. — 7. " 

mercurv throxr down from the aqueous solution a black precipitate which - V. 
when heated.— 8. SiUph/dric asid gas passed througlt the aqueous solution elimiii ^ 
a gas, decolorises the liquid completely, and forms a yellow . n 

turns black. The filtered liquid contains nothing but hydrochloric acid. ^ 

Condonations. — Ethylene-dichloride of platinum unites with ammonia, 
chlorides of ammonium, potassium, and sodium, and with the clilorides 01 sav 
organic bases. 

Ptkylenc-ammonio-dichloride of Platinum, NH*.C*H^PtCl*»[C H ( 
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P#(»li.CL Obtained by precipitating a concentrated aqueous solution of etliylene- 

i hloride of platinum, or its compound with sabammoniac or chloride of potitssiniu, 
excess of caustic ammonia or carbomito of ammonia. If the compo\ind 
cliloride of potassium be used, that salt is found in the filtrate. With the sal- 
Miiiioniac compound, potash may be used for the preparation instead of ammonia, 
rlustic ammonia in large excess exerts a decomposing action on the compound : hence 
t is lietter to use carbonate of ammonia. (Zeise.) 

^ The bulky, and at first light-yellow precipitate blackens by exposure to air and light ; 
ifs rolcur is also gradually changed by the action of water or alcohol. When sub- 
Vcfctl to dry distillation, it gives off a combustible gas, hydrochloric acid gus, and 
iiil-ammoniac, and leaves a mixture of platinum and charcoal. As it burns in the air, 
the mass finally takes fire from end to end. The compound dissolves in water soine- 
\rhat more readily than gypsum ; the solution treated with potash gives off ammonia, 
and when heated with an acid deposits metallic platinum. Alcohol appears to dis- 
solve the compound more readily than water. Dilute hydrochloric acid colours it a 
darker yellow, and then dissolves it, producing the following compound. (Zeise.) 

EthyUne^dichloride of Platinum with Sal- am77ioniac. Tuflainmabh 
Chionrplatmate of ammonium. — The cr^tde liquid (p. 596), which should not bo ren- 
dered turbid by a concentratocl solution of chloride of potassium, is diluted with a four- 
hdil quiuititj' of water, and decanted from the detonating platinum-deposit ; a quantity 
of sal-ammoniac, amounting to 1 8 por cent, of the tetrachloride of platinum used to form 
the crude liquid is then dissolved in it; the solution evaporated down to one-third ; 
the brown crystalline mass which forms on cooling, broken up and dissolved in a small 
(juantity of warm water, after the very acid mother-liquid has run off ; the solution 
evaporated at a gentle heat and cooled to the crystallising point ; the crystals 
washed with a small quantity of water, then dissolved in a larger quantity ; and the 
solution is left to crystallise by evaporation in vacuo. 

Lomon-ycUow, transparent, shining, oblique rhombic ]>risms, often half an incli long, 
which become covered with a black film on exposure to air and liglit. (Zeise.) 

Tlie crystals contain 6-18 per cent. (IJ, or p<»rhap3 more corre(‘tly 1 at.) water of 
crystaUisjition, which they give off at 100® C. or in vacuo, without further decomposi- 
ri.'n ; heated to redness in the air, they leave platinum. Their aqueous solution, when 
Iicatod .alone, or mixed either hot or cold with excess of potash, exhibits the same 
(hfoinpositions as the solution of ethylenc-dichloride of platinum heated alone. 
Mixed with caustic potash and evaporated, it yields a wliitc precipitate. The crystals 
dissolve in less than 5 pts. of cold water, more sparingly in alcohol. (Zeise.) 

Ethylene-dichloride of Platinum with Chloride of PotaeaiuTiu 
< ’^IPPlCJp.jHOl, Inflajnmabh Platinopotasjtic Salt. — Obtained by diluting the erwrfs 
/.y'oV/ in the retort (p. 596) with about four times its bulk of water; decanting it 
from the detonating platinum-deposit; dissolving in it a quantity of chloride of potas- 
Miim equal to J of the dichloride of platinum used for the preparation of the crude 
liquid ; and otherwise proceeding as in the preparation of tlio sal-ammoniac compound. 

Large lemon-yellow, transparent, shining, oblique rhombic prisms. ceP : ooP 
103058 '; oP : ooP = 112® 5'. (Forchhammer.) Reddens litmus. Has a per- 
Mstently astringent and metallic taste. Dissolves in 6 pts. warm water, loss easily in 
alcohol. 

The crystallised salt exposed to light and air becomes covered with a black crust 
It contains 4*72 per cent. (1 at.) water of ciystallisation, wliich it gives off comphdely 
l‘<.*twc*en 100® and 150® C. in a current of dry air; it likewise efiloresccs at onlinary 
temperatures in very dry air, and quickly in vacuo. TIic dry salt blackens at about 
200^; gives off without any tumefaction a mixture of 2 vols. hydrochloric acid gas and 
t*orabu8tibIe gas ; and leaves a grey mass containing chloroplatinatc of potassium 
(Acise). According to Griess and Martins, the gas evolved consists of ethylene, 
the decomposition taking place as shown by the etmation; C*H^PtCP.KCl=aPLCl* + 
KCl + C*H*. i 

Chbjrine gas acts on the dry salt only when aided by heat; it then forms hydro- 
chloric acid and trichloride of carbon. Chlorine^ bromine^ and iodincy added to the 
aqueous solution of the salt, emit an odour of ether. The dry pulverised salt heated 
a stream of hydrogen gas, blackens and exhibits traces of moisture, but does not 
^ndergo complete decomposition till it is heRt4>d in the current of gas. A stream of 
hydrogen passed through the aqueous solution throws down metollic platinum, 
ihe aqueous solution exhibits, with nitrate of eilvtr, the same reaction os ethylene- 
Qichloride of platinum alone. At 90® C. it decomposes rapidly, but a certain quantity 
®f platinum always remains in solution In this case also hydrochloric acid, as will 
snlphnric and nitric acid, prevents the decomposition, even at the boiling heat ; an 
^xccfcs of chloride of potassium appears also to exert a protecting action. 
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Eihylene-dichloride of Vlatinum with Chloride of Sodium Diffi, 

to crystaUiae ; diasolveu aomewhat slowly in alcohol, forming a yellow solution ^ 
an acid is present. ’ 

Compoundeof Ethylene-dichloride of Platinum with the Chlorides t 
Organic bases. —A number of tlioso compounds hare been obtained by Griosa an i 
Martiusj but no detailed description of them has yet been published. The»«j c*)ii* 
pounds, most of which form very fine crystals, may be arranged in two series, cflm. 
parable in many respects with certain classes of com^unds which dichlorlje of 
platinum forms with organic bases. Regarding othylone-dichloride of plaiimini as th 
chloride of a monatomic radicle, a very simple relation between thu torn- 

pounds of this body and those of dichloride of platinum becomes perceptible ; thus— 

Compounds of Bichloride of Compounds of Ethylcnc-diclilnride of 

Platinum. Platinum. 


First Series. 


PtCP 

2H^Na.PtCP 

2^*^3|NCl.PtCl* 


H® 

Pt" 


|n*ci* 


n* 

pt" 

(C^H*)^ 

w 

pt" 


N*C1* 


N"CP 


(C^H^r 
Pt" , 


N2C1« 


(c*n<Ptci)’.ci2 

2H'NCI.(C»HTtc:i)«oi« 

2®’j|‘|NCl.(C-H'l>tCl)=.Cl> 

Second Series. 

IP In'^cp 

(C2HTtCl)2j 

(C^'IP)*) 

H^N^CP 

(C*H*PtCI)'' J 

nnN^cp 

(C^HTtCl)’-* ) 


When the aqueous solution of the last compound in the first of the above series, 

is boiled, » considerable quantity of gas is eTolved ; 


and beautiful yellow sparingly soluble needles are deposited, containing 


(C*1P) 

n* 

Pt 




TJie reaction is represented by the equation, 

^ 1 N*CP.(C*II^PtCl )’*CP « H 


Pt' 


N*CP + 2C*H* + 2HC1 + PtC’P. 


STST&SMrs-anrBORAMCXXirBS. See £thyi.bne-Basss (p. 594). 

BTBY&ZnNTXS-PBBWBA.MZVrBS. See Phb.nylaminb. 
BTBYliBBS-PBOBFBZBBS. See Puospuouus Basbs. 


BTBYXBBB-SYCCZirxC ACZ1>. See Ethylene, Succinatb of (p. 682). 
BTBYU»rB-8Y&PBYRXC BCXB. See Ethylene, Sulphate of (p. 582). 

BTB YBBXfB^STOPBOTtOYB ACZZIB. See Sulphu&ous Ethers. 
BTXTYXiSBB-TBTBAMXasrBB and TBZBMZWBB. See Ethylbne-Basss. 


BTBY&BBB-lTBaAS* See Ethtlsne-Ca&bamidbs (p. 595). 

BTBYXdOBBBB^ C’H®. — A radicle not known in (he separate state, but sup* 
posed to exist in certain compounds derived from aldehyde and isomeric with the cor- 
responding compounds of ethylene ; e.g . : 


Ethjltdene-compoundi 
Aldehyde .... 
Chloride of Ethylidene . 
Command of Aldehyde | 


C*H<0 
CWOP 

C*H*0.C"H®0» 


Iiomerie with 
Oxide of Ethylene . 
Chloride of Ethylene 

Biacetate of Ethylene 


Acetal . , . , Piethylate of Ethylene. 


C’D'O 
; CPHta* 
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•Thew two series of comTOunds are intimately related to each other, and chloride of 
. f which may be produced from either of them, may be regarded as tlie 

link between the two. 

Bromide of BtliyUdeii©. C*H*Br®. (Wurtz and Frapolli, Ann. Ch. Pharm, 

ii 225.) — ^Thifl compound is obtained by passing vapour of aldehyde over penta- 
Tmiuide of phosphorus in a vessel externally cooled. I'ho products are bromide of 
ihylidene and oxybroniide of phosphorus (C*H‘0 + PBr* ■= + PBr*0), 

vhich cannot be separated by fractional distillation, because the bromide of ethylidene 

diH!oinpt)sed by heat. The oxybromide of phosphoms may, however, be romovetl by 
•ildtiiting the mixture with lumps of icc, replacing them as they melt. A dense yellow 
liquid thus obtained, which is insoluble in water and is readily decomposed by water, 
with evolution of hydrobromic acid : hence it is impossible to obtain the compound in 
a state of sufficient purity for analysis. 

Bromide of ethylidene treated with ethylate of sodium yields acetal : 

C*nW + 2C*H»NaO* « 2NaBr + C®H"02 

Acetul. 

Cbloiide of Sthylldene. C*H*C1*. (Geuther, Ann. Ch. Pharm. cv. 321.— 
IVurtz and Frapolli, Compt. rend, xlvii. 418; Ann. Ch. Pharm. cviii. 223.) — Pro- 
duced by the action of pentachloride of phosphorus upon aldehyde : 

cm*o + POP c*ipci* + poci». 

Glycol treated with pentachloride of phosphorus yields the isomeric compound, 
chloride of ethylene. 

The vessel containing the chloride of phosphorus must be kept cool, while the alde- 
hyde is at.lded by small portions ; afterwards the mixture is warmetl, whereuix)n the 
whole dissolves to a homogeneous liquid, which gradually blackens when distilled, and 
gives off below 100° C. a liquid, from which water sepiirates an oilv body, and above 
100 ° oxychloride of phosphorus. The oily liquid, dried by chloride of calcium and 
rectified, yields chloride of ethylidene. 

Chloride of ethylidene is a transparent, colourless, oily liquid, resembling chloroform 
in taste and odour. Specific gravity 1’189 at 4-3° C. (Geuther). Boils at 68° 
I^Wurtz and Frapolli), at 60° (Geuther). 

It is isomeric witli clilorlde of ethylene, but differs from it in specific gravity and in 
I'oiling point, the specific gravity of chloride of etliylene being 1*256 at 12° C. accord- 
ing to liegnault, and the Iwiling point 86° according te Dumas. The two bodie.s differ 
:iNo in tljt'ir behaviour with alcoholic potash, chloride of ethylene being easily decom- 
posed thereby into chloride of potassium aiul the compound C*H*C1 ; whereas chloride 
4>f i'tljylidene is not at all affected by alcoholic potash in the cold, and with difficulty 
even when heated. It appears also to be identical with monochlorinatod chloride of 
ethyl, C'H^Cl.CT (p. 531), that compound having a specific gravity of 1*174 at 17° C., 
and boiling at 64°. (Beilsteiii, Bull. Soc. Chiiu. de Paris, i. 60.) 

( 'lilorido of ethylidene, treated with ethylate of sodium, docs not act like the bromiilo 
and produce acetal, but yields a gas identical in composition and properties witli 
chloride of vinyl (C*H*C1). 

OsyoUoride of Ettaylldene. CWCTO = (A. Licben, Compt. 

rond. xlvi. 662; Ann. Ch. Pharm. cvi. 336.) — This compound, which is isomeric wdth 
rnonochlorethylic ether (p. 640), and may ho regarded as a double molecule of aldehyde, 
in which 1 at. O is replaced by 2 at. Cl, is produced by the action of hydrochloric 
acid on aldehyde : 

2C^IPO 2HC1 = C^H«C1»0 + H=0. 

Wlicn aldehyde cooled by a freezing mixture is saturated with dry hydrochloric acid 
pas, the liquid increases in volume and separates into two colourless layers, which 
must be immediately separated, as the^yr act upon each other. The lower layer is 
nqnooua hydrochloric acid;, the upper is oxychloride of ethylidene, which may be 
purified by repeated distillation over chloride of calcium. 

Transparent, colourless liquid, smelling of aldehyde and hydrochloric acid. tSpecific 
pravity 1 1376 at 12° C. Boiling point 116°— 117°. Vapour-density 5 08 (taken at 
173°) ; calc. (2 vol.) ■■ 4*96. 

. P^ychloride of ethylidene is not decomposed by water in the cold, but on heating 
It is converted thereby into hydrochloric acid and aldehyde. Pentachloride of phos- 
phorus does not act upon it at ordinary temperatures, but when heated with it in a 
scaled tube to 100° C. for several hours, it dissolves completely : the organic prodin*t 
cjinnot, however, be separated friim the oxychloride of pliosphorus formed at the same 
time. (Wurtz and Frapolli.) 
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Gcuther and Cartmell, by treating aldehyde with hydrochloric acid, hare k 
tained, besides the oxychloride just described, another which has the comnosir 
C®H'*C1*0*, and may be regarded as a triple molecule of aldehyde, 

1 at. 0 is replaced by 2 at. CL (Proc. Boy. Soc. x. 110.) * 


Cbloratlijlate of Xth^dane. C^H»C10 »C»H<.C*H*O.CI. (Wurts and Fr 
polli, Ann. Ch- Pharm. cviii. 228. J — Produced by passing hydrochloric acid to eat^ 
ration into a mixture of 1 voL aldenyde and 2 toI. absolute alcohol, surrounded with*^ 
freezing mixture. Two layers of liquid* are then formed, the lower consisting of 
aqueous hydrochloric acid and the upper ethereal layer of chlorethylate of ethylidene- 


cm*0 + + HCl « CWCIO + H*0. 


This compound, treated with ethylate of sodium, yields chloride of sodium and 
acetal : 

C'H®C10 + C^H^NaO » NaCl + 

IITB¥X*70»KAllKZ]>a« See Fobhamidb. 

BTnx-'ro&mrXi. Ldwig’s name for Pboftlbns or Tbitylenb. (C*H‘ «« 

BTHTB-BBmPZNZO ACZO. See Hbmipinic Ethers. 

BTSmZB. Syn. with Ethylamine. 

BTB'nZBBS or BTBZBZUi. Compounds of ethyl with elementary bodies or 
with other alcohol-radicles. 

BTBTB-BAOTZO ACZB. See Lactic Ethebs. 

STBn-MAZ.ZO ACZB. See Malic Ethers. 

BTBTZi-KZICOBZC ACZB. See Meconic Ethers. 

BVBTZi«MZI&ZiZC ACZB. See Mellic Ethebs. 

BTB*n-AZBBCAPTAZr. Syn. with Ethyl, Sulphyprate of (p. 547). 
BTBn-MBT^BTXiAlIKZBXS. See Methtlamines. 
ZTBTZ.«MBTBn-^OBrZimirM, See Coninr (p. 6). 
BTBYXi-MBTBTXilC BTBBB, See Ethyl, Oxipe of (p. 512). 
BTBTXi-MOBPBXKB* See Morphine. 

BTBT&-MUCZC ACZZI. See Mvcic Ethers. 

STBn-BZCOTZBE. See Nicotine. 

STBWX-irZTBAirZZZWZl. See Kitraniline under Puentlamine. 

BTBn-BZTBOPBBirZBZXrB. See Phbnic Ethebs. 

BTBn-OCTTZZC BTBBB. See Ethyl, Oxipe of (p. 542). 
BTtePX-OXA&ZO ACZB. See Oxalic Ethebs. 

BTBn-OBACBTZO ACZB. See Oxacetic Ether. 

BTBn-OZAlICZC ACZB and BTBTB-OBAMZBB. See OxAHic Etubr 
and OxAMiDE. 

BTBY&-PABATABTABZC ACZB. See Paratartabio Acid. 
STBYZi^PBiamAXIIZirEB. See Phbntlahinh. 
BTBTB«Pa08PBZJrzl8. See Phosphorus-Bases. 

■TBYXi-PBOSPBORZe and -PBOSPBOBOBB ACZBS. See PuosFHOJUO 
and Phosphobous Ethebs. 

BTBn-PZCOUBB. See Picoline. 

BTBTZm^PZPBBZBZBB. See Pipbridinb. 

BTBn-PTBBZTAinrzc ACZB. See Pteritannic Acid. 
BTBPX*iPTBZBZinB. See Pyridine, 
aTBn^BZarZBB. See Quinine. 

BTBn-BBUBHPBBZC ACOP. See Ethyl, Selenuydratb of (p. 543> 
lPTBn-8ZBAMEZBB> See Sinaacine. 

BTBTBfSTZBZmBS. See Antimony-Badiclbs, Organic (i. 341). 

BTBn-STBTCBirZBS. See Strychnine. 

IBTBYB-SVXPBTBBZO ACZB. See Ethyl, Sulpryprate of (p. 547). 
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fiTSYXi*^V&PB60iU(S0iriC and -SmbPBOPKOSPHOXZO ACZB8. 

geo ScfLPHOCABBomc and Sulphophosphomc Ethers. 

BTH fX^SB^PHPMIO and -SirSiPHirBOirs JkCZSS. See Sulphuric and 
ScLPHOKOUfl Ethers. 

BT8T&*VBJIVA8PZBX0 JLCTDm See Taxnic Acids. 

gm fX-yBBTAMO AOn>. See Tartaric Ethers. 

^gY^TBSOSZlTBJISZira. See Tutosihaminb. 

£^HT&-TOXiirZllZiraB. See Toluidixb. 

BT8n«TBZTBZOJrZO B.CZ]>. Sec Methyl>dithionic acid. 

ETBT&-VWiA. See Carbamide (i. 7d4). 

STBT&'VBSTBAirB* See Carbamic Acid (i. 751). 

mrCAZltZTB. Syn. with Eukairite. 

VUCAltYV* C*H**0®. — A saccharine substance, produced in the fermentation of 
molitose (the sugar of the eucalyptus), under the influence of yeast : 

c»H«o".iro = 2CO* + 2cnvo + c«n‘'o*. 

Melltoie. Alcohol. Kucalyn. 

[t is syrupy, dextro-rotatory ([^a] *» + 60® nearly), non-fermen table, and does not 
ictjuire that property by the action of sulphuric acid. It becomes coloured at 100® C., 
iiid at 200° is converted into a black insoluble substance. Strong Bulplinric acid and 
fuming hydrochloric acid destroy it at 100°. Baryta colours it strongly at the same 
crnpcniture. It reduces tartrate of coppw and potassium. These properties are very 
hiiilar to those of sorbin. 

SHCA&TPTUSa A genus of Australian plants, one species of wliich yields, by 
listillation with water, a volatile oil resembling cajeput oil. Several species of ouca- 
Ivptus yield the so-called Australian manna, a white, loose, granular mass, in which 
lohaston found a crystallisable sugar (melitose), containing in t)ie air-dried state, 
iccording to his analysis, and identical with gnipe-siigar (Mem. Cheni. 

i. 159). Bert helot (Compt. rend. xli. 392) also finds it to bo identical in com- 
tv).^ition with grape-sugar, and very similar in its reactions ; ho Regards it as a com- 
[>"un(l of grape-sugar with the isomeric substance eucalyn. (See Melitosm.) 

EVCAMPTZTS. See Eukamptite. 


EUCBSMLA. SPZXrOSXnif, the so-called Agar-agar (i. 61) contains, accord- 
ing to Oudemanns (Arch. Bharra. [2] Ixxxvii. 283), nothing but the ordinary 
LVJii-tituentsof plants. 


SUCB&OBZirzi. A gaseous mixture of chlorine and oxide of chlorine, obtained 
I y the, action of hydrochloric acid on clilorate of potassium. (See Chlorine, Oxygen- 
roM POUNDS of, i. 912.) 


BUCB&OIC ACZB. (Wohler [18411, Pogg. Ann. lii. 610.— 

II iSchwarz, Ann. Ch. Pharm. Ixvi. 49). — Regarded by Ijjiureiit and Gcrhardt as 

tnclliimic acid, C*H>NO» - NH»(C*0 »)"|q 

The ammonium-salt of this acid is obtained, together with paramide, by heating 
pulverised melhite of ammonium to 150° — 160° for several hours, stirring it all the 
and continuing the heating as long as any odour of ammonia is given otf. A 
pale yellow powder then remains, consisting of a mixture of paramide and euchroato of 
immonium, the latter of which may be washed out by water, and obtained in crystalline 
frusta by evaporating the filtered solution. On dissolving this salt in a very small 
?uantity^ of boiling water, adding hydrochloric or nitric acid to the hot solution, 
and leaving it to cool, euchroic acid separates in the form of a white ciystalline powder, 
»hich may be purified by rccrystallisation. 

Euchroic acid crystallises in very simd^ rhomboidal prisms, usually grouped in pairs ; 

is sparingly soluble in cold water, and has a strong acid reaction. At 200° C. it 
gives off 10*54 per cent., or 2 at. water (Wohler). The dried acid is found by analysis 
to contain : 


n* 

N* 

0 « 


Dried aiTOtfiC. 

W6hler. 

Si h wars {mean). 

144 • 

• 47*37 . 

. 48*66 . 

, 47*65 

4 • 

. 1*31 . 

. 1*66 . 

. 1*50 

2S . 

128 

. 9*21 . 

. 42*11 

, 10*98 . 

. 9*18 


304 . 


100*00 
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The analytical numbers agree tolerably well with the formula C**H*N*0' proDo* 
by Wcihler, according to which euchroic acid is formed from acid mellate of 
by the abstraction of 4 at. water : 

- 4H»0 » C«H*N*0». 

The relations of euchroic acid to the other amides of mellltic acid are as follow • 
Mellitamido C‘'^H**N*0* by giving up ammonia is converted intoparamide C‘’H*N*0* - 
this compound dissolved in ammonia and treated with hydrochloric acid vifMa 
paramic acid C**H*N*0« ; and the latter, by addition of w'ater and elimination of 
ammonia, is converted into euchroic acid. 

The acid remains unaltered at 280° 0., but at a higher temperature melts, boils, ;n„i 
decomposes, yielding hydrocyanate of ammonia, and a dark green, bitter sublimate 
(Wohler.) — Zinc^ protoxide of iron^ or the electric current^ throws down from aii 
aqueous solution of euchroic acid a dark blue substance, called euehrone, of unknown 
composition, insoluble in water, but dissolving with purple colour in alkalis, and 
quickly oxidising again in the air to euchroic acid (Wohler). — The deep blue 
dosely adhering deposit with which zinc becomes covered in the aqueous acid, del 
taches itself on immersion for a short time in very dilute hydrochloric acid, and may 
then be collected on a filter, washed, and dried. The black mass tlms obtained, which 
is free from zinc, is instantly oxidised, by the slightest heating, to euchroic acid ; it 
dissolves in aqueous ammonia or potash, with a more splendid colour than that of ^w r- 
manganate of potassium ; but the solution becomes decolorised from above downwards, 
on exposure to the air, and very quickly if agitated. In the boiling acid, zinc acquins 
a similar coating, but a trace of gas is evolved at the same time, and the liquid dcqiosits 
a white powder, probably mellate of zinc. A mixture of aqueous euchroic acid and 
frotochloride of iron forms, with alkalis, a thick deep violet-coloiirc'd precipit.atc, 
which immediately becomes rust-brown on exposure to the air, and dissolves without 
colour in hydrochloric acid, because the resulting sesquioxido of iron is rechice<l to the 
state of protoxide by the euehrone, which is thereby reconverted into euchroic acid. 
These phenomena are not produced by stannous or manganous chloride. Platinum in 
galvanic combination with zinc, does not act upon the aqueous acid, but decorapo.s(‘8 its 
ammonia-salt (Wohler). The aqueous acid is likewise decomposed by the electric 
current, and covers the negative platinum with a deep blue deposit, whicli, however, 
soon ceases to increase. Euehrone is not produced by tho action of sulphimdtod 
hydrogen, sulphurous acid, hyposulphites, or arsenites (Schwarz). Euchroic acid 
mixed with a quantity of water not sufficient to dissolve it in its unaltered stale, and 
heated to 200° C. in a sealed glass tube, dissolves completely in the form of acid 
mellate of ammonium (Wohler). 

C‘*n'N*0« + 4H*0 C>*H«(NH«)’0'». 

Euchroic acid dissolved in water does not decompose when lx)ilcd in contact with the 
air. Hydrochloric acid and nitric acid exert no decomposing action upon it. (W olilcr.) 

Euchroic acid is dibasic, its neutral salts having the composition 

Euehroates of Ammonium, — ^Tho mutral salt, 0‘Hr‘*(NH*)W0*, obtained by 
evaporating the wash-water of paramide, as above described, forms wliite, scarcely 
crystalline crusts, which are decomposed by hydrochloric or nitric, but not by acetic 
acid. (Wohler.) 

An a/nd salt is sometimes precipitated from the aqueous solution of the neutral salt 
instead of the pure acid, and separates from solution in hot water, in yellowish crystals 
larger than those of the pure acid. (Wohler.) 

Euchroate of Barium, 0**H*i"N*0* + HK), is precipitated in the form of a 
pale yellow powder, when baiyta-water is dropt into an excess of warm aqueous 
euchioic acid. (Schwarz.) 

An add harium^salt is obtained, as a pale yellow pulverulent precipitate, on sloviy 
adding baryta-water to a warm solution of euchroic acid in excess. (Schwarz.) 

Euchroate of Lead. + H*0. — The boiling aqueous solution oi 

euchroic acid, mixed with a dilute solution of neutral acetate of lead, yields, on cooling, 
a yellow powder, which appears ciystailine under the microscope. (The filtrate 
rated from this precipitate deposits mellate of lead as a white powder when bouca.1 
The air-dried salt gives off 11-36 per cent^ (3 at.) water at 160° C., but nothing 
at a stronger heat till it begins to decompose. (Wohler.) 

Euchroate of Silver, C'*H*Ag*N*0*, is a sulphur-yellow powder, obtaui^ oJ 
mixing a boiling aqueous solution of the acid with a dilute solution of nitrate of 
when treated with ammonia it becomes so gelatinous that it passes through the filtai*. 

SVCKltOXTB. A native arsenate of copper found.-at Libethen in Hungary. 
contains 33*02 per cent, arsenic anhydride, 47*86 cupric oxide, and 18’8 
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/Tamer, Ed. Phil. J. iv, 801), whence the fonmila 4Cu0.A8*0» + 7H*0, or 
Lq Cu*Afl*0* + 7H*0. The crystals belong to the trimetric system. Hardness «* 
H to 4- Specific gravity 3*35 to 3*45. Colour emerald-green. Streak light apple- 
green. Lustre vitreous. More or less transparent. (Handw. d. Chem. ii. [8] 943.) 

SirCBBOHB* A product of the decomposition of euchroic acid by sine and cer- 
tain other reducing agents (p. 602). 

SVCBTSXBXmxrmi A variety of augite. 

SttC&ASS. Prismatic emerald . — A silicate of aluminium and glucinum, allied to 
kryl; found in Peru, Brazil, in the Urals, but rare. Crystallises in monoclinic 
prismi modified by numerous faces. ooP : ooP =» 115° O'; c»Pqo : ooP « 
107® 37' 30". Ratio of principal axis, clinodiagonal and ortliodiagonal = 1 : 0*9713 : 
30008. Cleavage very distinct, parallel to oopoo ; much less distinct pardllel to oP 
^jjd r oopoo]. Hardness = 7*5. Specific gravity *= 3*0 to 31. Colour b'ght yel- 
lowiwh-grcen to yellow, bluish-green to blue, also white. Lustre vitreous. Tnin- 
pparent to translucent. Fracture conchoidal. Very brittle. When strongly hoatiHl 
liWore the blowj)ipo, it swells up and melts in thin splinters to a white enamel. Net 
attacked by borax or phosphorus-salt. Insoluble in acids. 

> Kuolaso was formerly regarded as an anhydrous silicate; but Dam our (Compt, 
rend. XV. 942) has shown that it contains water, his analysis giving : 

SiO> APO» GIO CaO FeO SnO IPO F 

41*63 3407 16*97 0*14 1*03 0*34 6*04 038 = 100*60 

whence the formula 2G10.SiO* + Al*0'.SiO‘ + aq. or + oTU’O^ 

(.ratiresber. f. Chem. 1862, p. 866; 1853, p. 800; 1866, p. 941,— Dana, ii. 207.— 
Uammelsherg, p. 671.) 

SlTCXiASXTB. A name formerly applied to a green apatite from Lake Baikal. 

fiUDXAXiTTB. A mineral from Kandgerdluarsuk in Greenland, crystallised in 
hemiliedral fonns of the hexagonal system, the primary form being an acute rhombo- 
Lcdi-on of 73° 40', with the faces oR, (xR2, and other forma subordinate. Cleavage 
voiy distinct parallel to oR ; less distinct parallel to R. Occurs also crystallp-gronular, 
itias.sive, and imbedded. Hardness « 6*0 to 5*6. Specific gravity =* 2*9, Colour 
bluish to brownish-red; streak uncolourcd. Lustre vitreous. Opaque to slightly 
translucent. Before the blov*pipe it melts easily to a greyish-green enamel ; dissolves 
'ivitli irioderatc facility in borax, yielding a glass slightly coloured by iron ; easily de- 
composed by phosphorus-salt, wnth separation of a tumefied skeleton of silica. Easi^ 
dt'oiin|.»osed by hydrocJiloric acid, with formation of a j<dly. 

Eudialyto is essentially a zirco-silicate of sodium and calcium, that is to say, a sili- 
oale in which the silicon is partly replaced by zirconium ; but it likewise contains 
taiitjilie, or rather perhaps niobic acid, and several otlier constituents. 

Anah/ses. — a. by Rammelsberg (Fogg. Ann. Ixiii. 142), b. bv D amour (Compt. 
rend, xliii. 1197) : 


SiO* ZrO* TaO* FeO MnO CaO Na*0 K*0 Cl 

49-92 16*88 . . 6*97 1*16 11*11 12*28 0*66 1*19 100*62 

6. 60-38 1 5-60 0*35 6*37 1*61 9*23 1 3*10 . . 1*48 1*25 « 99*37 


These analyses lead to the formula M*0.2(SiO* ; ZrO®), or M*(Si ; Zr)0* (Si ; Zr)0® 
analogous to that of a mctasilicate with excess of silica. The basic metal M is made 
sodium, calcium, and ferrosum. (Dan^ ii 181. — Rammelsberg, p. 893.) 
Closely allied to eudialyte, if not identical with it> is eukolyte^ from Brevig in Norway 
(P- 606). 


SVBZOMBTSR and BinDZOMSnT* 

(l 268). 


See Analysis^ Volume'tbic, of Gasss 


BVBVOlPBZnk Analcime from the island of Jjama near Brevig in Norway, 
•opposed by Weibye (Fogg. Ann. Ixxix. 303) to diflfer from ordinary analcime m 
frystalhne form, being trimetric instead of monometric. According to Moll er, how- 
(j. py. Chem. Ixix. 318), this difibrence does not exist. 

^CmjaiUOPBAVXC ACZB. See Allofhanic Acid (L 134). 

BVOBITABZBXO AJrBT1>UX>B. ^Evtyenanuyl. Anisev^enyl . — A 

impound produced by the action of chloride of anisyl on eugenic acid. It is crystal- 
^bie and insoluble in aqueous potash. (Cahours, Ann. Ch. Phys. [3] lii. 189.) 

BVOBinuoXhABCXI* Syn. with Folybasit*. 
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BOOXarasiTB. A imme given by Kobell to the ralladium from Tillc,.m1 
the Hartz, which erygtalliiiee in the hexagonal aystem and cleaves parallel to th f ' 
of a hexagonal prism. 

BVOBWBTH'n. Eogenato of ethyl (vid. inf.) 

BVOBWXO AfrXB. C'*H'*0» - Eugenol. CaryophyUic 

Oxidised essence of cloves. (Bonaetre [1827], Ann. Ch. Phys. xxxv. 274.-1) 
ibid. liii. 164; also Ann. Ch. Pharm. ix. 66; xxTii. 161. — Ettling, Ann. CJi. Phap^^ 
ix. 68. — Bockmann, iMd. xxvii. 166. — C. Gr. Williams, Chem. Gaz. 1858, 170 !!! 
Cahonrs, Ann. Ch. Phys. [3] Jii. 201.— Stenhonse, Ann, Ch. Pham, xev! lOS-T 
Baoyer, Ann. Ch. Pharm. cxir. 163. — Gm. xir. 201.)— When cloves are distilled 4itl 
water, a distillate (crude oil of cloves) is obtained, consisting of eugenic acid and 
hydrocarbon isomeric with oil of turpentine. To separate these Bubstancos, the oil i 
treated with potash, which dissolves the eugenic acid, and the liquid is distilled 
whereupon the hydrocarbon passes over, and from the residual eugenate of potasftium 
eugenic acid may bo separate by a mineral acid. The acid may be obtained in liki 
manner from the oil of cinnamon leaves. (Stenhonse.) 

Eugenic acid, when purified by distillation, is a colourless oil, of specific gravity 10 7( 
(Stenhonse) ; 1’0684 at 4^ C, (Williams). It reddens litmus, has a spicy biirnirn 
taste, and a strong smell of cloves. In contact with air it quickly becomes resinous. ] 
boils at 242° C. (Stenhouso); 251° (Williams). Vapour-density = 6*4 (Bumas; 
calc. (2. vol.) =■ 5*68. 

Eugenic acid, when exposed to the air, quickly assumes a darker colour, and bt'conu- 
resinous. By distillation over anhydrous bary'ta, it is converted into a neutral oil 
having the same composition and vapour-density as the acid itself (Calvi, Ann. Ch 
Pharm. xeix. 242). According to Church (Phil. Mag. [4] ix. 266), it forms a hyilm. 
carbon boiling at 142° C,, and probably consisting of C^H'*, isomeric with ciimrof 
and nicsitone. Nitric acid decomposes eugenic acid, forming a bromi resin and oxalic 
acid. With pentachloride of ^hosphorua^ it evolves a gas burning witli a green flame 
like chloride of methyl. 

Eugenic acid absorbs the vapour of cifanic acid in large quantity, forming eugen< 
allophaipic acid, 2CNHO. (Baeyer, i. 134.) 

The chlorides of hensnyl^ anisf/l, cumylf and tolnyl dissolve in eugenic acid in thr 
cold without alteration ; hut on heating the liquid, hydrochloric acid is given off in lar^f 
quantity, and on treating the; brown syrupy or solid residue with dilute pohwh, doubk 
anhydrides of eugeiiyl and the radicle of the chloride aro obtained, which m.iy l»f 
purified by washing with water and reciystallisation from alcohol ; e, g. with chloride ol 
benzoyl : 

C'»H"0|o ^ C'H‘O.Cl - + Ha. 

Eugenic acid. Chloride of Eugcno-brnzoic 

bcnxoyl. anhydride. 

Buffenatos. Eugenic acid is monobasic, the general formula of its salts bein;] 
The amnmtiuvi-saH separates in the granular form from a solution oi 
the acid in aqueous ammonia. The harium-salt crystallises in thin nacreous needles 
or laminae soluble in ulcohoL The calcium-snlt forms yellowish micAiceoms laminic. A 
basic lecuUsalt^ Pb’0.2C’®H”Pb0® (?), is obtained as a yellow tenacious precipitate on 
mixing a solution of a lead-salt with eugenic acid. An acid poiassium^snlt, C'®II''KO* 
C**II'W + aq., according to Briining (Ann. Ch. Pharm. civ. 202), is obtained bj 
saturating the acid with caustic potash; it forms nacreous needles, which dissolve in watci 
with decomposition and separation of part of the acid ; alcohol dissolves it without de- 
composition. The magnesium^salt is amorphous and insoluble in water. The sodium- 
salt forms warty crys^s having a silky lustre. The strontium^salt resembles the 
barium-salt. 

Eugenate of Ethyl. C'*H’*0* — ^ Eugenic ether.— 

tained by saturating the alcoholic solution of eugenic acid with hydrochloric 
by decomposing eugenate of potassium with iomde of ethyl in close vessels. Aftc* 
washing with dilute potash and drying over chloride of calcium, it forms a neutrali 
colourless, aromatic liquid, insoluble in water, easily soluble in alcohol^ and etncfi 
boilifog at about 240° 0. — decomposed by chlorine, bromine, and nitric acid. 

BVOBBIir. dovc’^amphor. Stearoptens of oil of doves.-^A ctyafalline sub- 
stance deposited from water which has been distilled from cloves {Eugenia cargo- 
phffilataAj.). It was discovered in 1834 by Bon as t re (J. Pharm. » fiW)» sn 
according lo Dumas is isomeric with eugenic acid ; but its molecular weight has no 
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wn dctennined. It forraB white, nacrrous larainR, having a faint taste and smell of 

* tn L)Ut aolublo in fill Dronortionn in iLlmVinl ot.hAr. N'ifrio 


1 pfl • insoluble in water, but soluble in all proportions in alcohol and ether. Nitric 
turns it blood-red. 

gffQSKO^StOnOSO AHBVBlUrai C>’H'«0* = *^0^1010. 

f^uqi^ohenzoyU {Formation^ p. 604.) — After purification by rccryntallisation and 
2 it forms colourless needle-shaped or^'stuls, perfectly neutml, insoluble in 

JattT, moderately soluble in hot alcohol and in ether. Melts between 60° and 65° 0., 
ml boils above 360°. It is not decomposed by boiling aqueous potash, hut hy fusion 
* itli solid potash, it is converted into benzoate and eugenate of potassium, ilromino 
and nitric acid decompose it more readily, probably forming substitution-products. 
(Caliours.) 

BlT011V03b. Syn. with Eitoenio Acid. 

BVGBKO-ctrMXirzG 


(p. 180 .) 

Toluen* 


SUJLAZltZTS. 


BUGUWO-ToxiinrXiic A»rmn>»izi». C‘"H‘«o* « 

eugenol — Resembles the benzoic compound. Dissolves easily in hot alcohol, and 
espocially in other. (Cahours.) 

BGGSTZC ACXA. See Addenda (p. 668). 

aUGXiSVA VZUZOZS. The g^nules found in theso infusoria consist, accord- 
ing to Gottlieb, of paramylum. (See Starch.) The green colouring matter is in- 
soFuhlc in water, easily soluble in alcohol and ether, somewhat soluble in alkaline 
liquids. The ethereal solution produces a very strong blood-rod dispersion, both of 
(iayliglit Bud caiidlo- light. It appears to be difiTerent from the chlon)phyll of phanero- 
g-.imous plants, green mosses, and nlg». (Salm-Horstmar, Pogg. Ann. xcvii. 381.) 

AgCuSe or — Native selouide of silver and copper, 

found in a magnesian serpentine rock, intergrown with calcspar, in an abandonetl 
copper mine at SniKlatid in Sweden. It is soft, slightly ductile, with a fine-grained 
fracture. Colour lead-grey ; yields a grey powder and a shining streak. On charcoal 
Itiforo the blowpipe it melts, gives off a strong odour of srdenium, and yields a grey, 
soil, but brittle metallic bead. Colours fluxes like copper. With hot nitric acid it 
torins a s(jlution from which water throws down selenite of silver. Gives by analysis 
'2'i Ob per cent, coppier, 38*93 silver, 26*0 selenium, and 8‘9 earthy matter. (Berzelius, 
Si’hw. J. xxiii. 477.) 

snXAMPHZTS. ( Al*)^*H*0*,3M"Si0* or ( M"ar)Si 0^ + iaq. (where M" represents 
Mg, I’o, and a small quantity of Mn). — A mineral resembling chlorite in external ap- 
pfariinee, found in the granite near Presburg in Hungary. It forms dark green nacreous 
liirninie, cleaving easily parallel to the base, thin cleavage lamiiim exhibiting a brown 
or red translucence ; soft and flexible. Hardness = 2; specific gravity » 2*73. 
When strongly heated in a glass tube, it exfoliates and gives off water. Before the 
blowpipe it melts on the edges to a black magnetic gbiss ; gives the reactions of iron, 
silicon, and manganese with borax and pliosphorus-salt, and dissolves in hydrochloric 

(Kenngott, Handw. d. 


Chem. ii. 


Hcid with separation of gelatinous or silica, 

[3] 951.) 

Syn. with Euclasb. 

TOJKOtXTS, A mineral from Brevig, in Norway, closely resembling eudialyte, and 
regarded by some mineralogists as identical therewith. The two minerals have the 
Kame form and nearly the same colour, lustre, and hanlness, and agree nearly in com- 
positiou ; but eukolyte is distinguished by the presence of cerium, and, so far as the 
analysis can be trusted, by a rather larger amount of silica ; it has also a browner 
*^lour, a somewhat higher specific gravity « 3*0, exhibits more distinct prismatic 
^leavage, and is especially distinguished by its optical properties, exhibiting negative 
double refraction, whereas eudialyte is positive. (K enngott. Handw. ii. [3] 947.) 
cfi following are analyses of eukolyte : a. by Sche erer (Pogg. Ann. Ixi. 222 ; Ixxii. 
by Damour (Gompt. rend, xliii. 1197). 

BIOS 

fl. 47*85 
46 70 


ZrO* T«0* 

C4>0 

LaO 

FeO 

MoO 

CuO 

Na*0 

Cl 

Lom by 
Ignition. 

14*06 

2*98 

, 

7*42 

1*94 

12-06 

12*31 


1*84 - 

14*22 2*35 

2*32 

Ml 

6*83 

2*35 

9*66 

11*69 

ill 

1-83 * 


99*66 

99*07 


^heeror’s analysis leads to the formula 2M*'0.3Si0* = (M")*Si0^.2SiO* ; Damour’s 
|o 3M"0.5SiO* « 3M''SiO*.2SiO*, the silicon being replaced to a considerable extent 
zirconium (Jiammelsb(trff*a Minerahhimie, p. 894). 
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Bmo&XTB-TZTiWZTS. A* mineral wcuiring, together with eukolite in 
Bircon-syenite of Brevig in Norway. It exhibits the colour and lustre of eukolit** b 
in c^stalline form and density, « 8‘67, it resembles titanite. Before the blowpijJ^ ^1 
exhibits the reactions of silica, ferric oxide, titanic acid, and soda. It is less Inml^ ^ 
titanite, and appears to occupy an intermediate place between titanite and eoknur 
(Scheerer, Jabresber. f. Chem. 1854, p. 853.) ^ 

avXTSXir. A name applied by Berzelius to a substance easily soluble in alcoho 
which he obtained by the action of alcoholic potash on that portion of the alcoholic ex 
tract of bile which is soluble in etlier : it was probably impure choloi’dic acii 

smbTBXTB. A kind of rock which forms layers in the gneiss of Sweden. It i. 
a ^anular mixture of aiigite (probably dialla^e), ^rnet, and nearly 50 per cent, of i 
mineral allied to olivine, being likewise a basic silicate in which the greater part of th! 
magni'sia is replaced by protoxide of iron or manganese. When the rock is tn^atoi 
with hydrocliJoric acid, the last-mentioned mineral is decomposed, with separation o 
gelatinous silica, while the granules of augite and garnet fall to the bottom. (A. Erd 
mann, Jahresber. d. Chem. 1849, p. 799.) 


Bir&YTlI and 3>T8]«TT1I« Two ciystallisable substances of unknown compositini 
produced, together with others, by the action of strong nitric acid upon citraconic arid 
they are distinguished by tlieir different degrees of solubility in water and in alcohol 
eulyte being the more, dyslyte. the less soluble. (Baup, Ann. Ch. Pharm. Ixxxi. 96 , 
See CiTRXcoNic acid (i. 992). 

SITLYTnr. Silicate o f Bismuth, Bismuth^blende . — A rare mineral, occurring ai 
Schneeberg in Saxony, in hemihedral forms of the regular system, the observed fuc*; 
202 


being O, ooOoo and ± ■ 


The crystals are usually small and often with rounds 


edges. Cleavage dodecahedral, very imperfect. Twin-crystals also occur having thrii 
plane of composition parallel to » dodecahedral face. The mineral is sometimes als. 
globular, columnar, lamellar, or granular. Hardness * 4*5 to 6*0. Specific gravirv 
«*« 5*9 to 6-0. Colour brown, yellow, and yellowish- white. Lustre resinous (.j 
adamantine. Subtranspareut to opaque. Streak yellowish-green or uncolourcd. Fr.ic 
ture uneven. Rather brittle. Before he blowpipe it melts easily with intumcsct'nf'j 
to a brown bead, with brown deposit on the charcoal ; with soda it yields inotalli( 
bismuth, and with pliosphorus-salt a skeleton of silica. Soluble in hydrochloric acid 
witli separation of gelatinous silica. According to an analysis by Kersten (Pog? 
Ann. xxvii. 81), it contains 69*38 per cent .BPO* 2*40 0*30 Mn^O’, 22*23 SiO* 

3*31 P*0*, 2*38 water, together with a small quantity of fluorine, whence it appear! 
to be a silicate of bismuth mixed with a small quantity of ferric phosphate. 

SUKAirXTXL A brown variety of titanic anhydride, from Chcsteifleld ii 
Massachusets, agreeing in crystalline form with Brookite, and probably ideutiun 
therewith. Hardness *= 6*0. (C, Shepard, Sill. Am. J. xii. 211.) 

BUOXiTXk C'lF'O (from eOoSSrjf, sweet-tasting); sometimes improperly wriltoi 
tnodyl. An acid radicle, homologous with acetyl, the liydrogcn compound of M'hicli 
euodic aldehyde, C"H*'O.H, is, according to Oreville Williams (Proc. 
Boc.), the essential constituent of oil of rue. (See Rue, Oil of.) 

BITOXmKXfr. A bitter resinous substance obtained from the oil of the spindle 
tree, Euonymus europmts. It is insoluble in water, soluble in alcohol and ether, am 
separates from the latter in w’arty crystals ; it does not however api^ar to have beci 
obtained pure. (Riederer, Buchn. Itepert. xiv. 1. — Grundner, ibid, xevil 315.) 

BVOXmMCnS, (Kubel, J. pr. Chem. Ixxxv. 372.)— A sacchanm 

substance obtained from the camUum (the viscid secretion vdiich exists in the spnnj 
between the bark and the wood) of the branches of the spindle-tree. The cambiun 
of the thicker branches is exhausted with strong alcohol, and on evaporating the solu 
tion, euonymite is obtained in highly lustrous monoclinic crystals. It inelts at 182 t 
It is isomeric with mannite, and HOTees with that substance in most of its propertif 
but is distinguished by its ciystalline form and higher melting point, mannite 
trimetric and melting at 166® C. Gilmer (Ann. Ch. Pharm. cxxiiL 375) regards i 
as identical with dulcite. 

BmpATOBXlTM. The wateivhemp, Eupatorium cannahinum, contains, accordini 
to Ri ghoni (Mag. Pharm. xxv. 98), an alkaloid, called eupatorine, having a bitter 
rather pungent taste, insoluble in water, soluble in alcohol and ether, and fc^muig s 
crystallisabTe sulphate. 

The root of the same plant contains^ according to Boudet> a volatile oil, a bitt« 
acrid substance, starch, ana the other ordinary constituents of plants. 

aVBBOBBIA. The roots of Euphorbia Cyparimaa^ El Eiula, E. Lathyra 
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r Avios and K. dcpauperata arc emetic and pu^tivc ; bo likewise is the fixed oil 
btainid several species, especially of E. Cypanssias, E, LatJ^fHs, 

y hubima aud a few others. The seed-oil of these plants may be used in the same 
^av as croton-oil, which is itself the produce of a euphorbiaceous plant. The seeds of 
/’ ^Cirp^rimas gathered in Auvergne, yielded 6 per cent, fixed oil ; those of E. hybcrua 
violtieA hy exhaustion with ether, 44 per cent, of a golden-yellow fixed oil, hanng a 
pleasant and not acrid odour. (Chevallier and Aubergier, J. Chim. mC'd. viii. 
ti/l ) 

The milky juice contained in the leaves and stems of euphorbias, is sometimes used 
as a rem(Hly against the bites of serpents and in syphilis ; it is also said to remove 
lart-s especially that of E, CypaHs&ias^ E. Estila^ E. hypericifolia^ and E. Tirucallu 
The milky juice of E. myrtifolia is^ peculiarly poisonous. It contains, according to 
Jticord-Madianna, a non-volatile poisonous principle, euphorbine. 

The herb of K cotonifoUa suspended dn water is said to intoxicate fish. 

E. Cyparissias, a very common weed, contains, according to Itiogel (.T. pr. Pharm. 
vi. 165), an organic base, and a peculiar acid, euphorbic acid, forming a crystalline 
lead-salt, from which the acid may be separated by sulphuretted hydrogen in white 
nivdlo-shaped crystals. It forms crystallisablo salts with the alkalis, and its aqueous 
fnlutiou is precipitated by baiy ta-water, by acetate of lead, either neutral or basic, and 
hytiilver and mcrcury-salts. Gmelin (Handbook, x. 207) regartls this acid as iden- 
tkal with malic acid. According to Deesaignes (.1. Pharm. [3] xxv. 25), it is a 
iiiixture of malic and citric acids with a coloured acid, which precipitates gelatin and 
M{)|>«‘r-salts and blackens iron-salts. 

According to Stick el (Arch. Pharm. xl. 30), E. Cypariaftiaa and E. Esula, also a 
couimon w'oed, contain, besides resin, gallic acid, &c., a white, volatile, crystalline, 
('um[ihor-like body, having a burning taste and separating gradually from the alcoholic 
8i»hiiion, and a yellow colouring matter, which is precipitated by stannous chloride or 
1( ;id-.salts from, the extract prepared with water containing alum. 


See Euphoebia. 


SVPBOUZC ACZB.| 
SVPKOBBZWZL ) 
SVPBOBBZZir. Sec Eufhoebium. 


SirPBOBBZVlIf. Besina s. Gummi Euphorhii. A resin, sometimes improperly 
culled a gum or gum-resin, consisting of the concrete juice of several species of eu- 
j'liorbirt, growing in Egypt, Arabia., the Canaries, and other hot countries, either 
exuding naturally, or from incisions made in the bark. Much of the article found in 
British commerce is obtained frejm Euphorbia canarimsis, while that which occurs on 
till* Continent is obtained from E, officinarmn, E. antiquorwn, and other African species, 
particularly from an undescribed species, called by the Arabs dergmuse. 

Kupihorbiiim is a variable mixture of resin with wax, caoutchouc, salts, chiefly 
malates, and from 10 to 20 per cent of moisture. These constituents maybe separated 
by treating it sucessively with water, and with cold and hot alcohol. 

But even the resin of euphorbium, separated from the wax and other matters, ia 
itself a mixture of three, if not of a greater number of resinous bodies. Berzelius dis- 
tingiiislied tlirce resins, a, /3, and 7. On mixing the alcoholic solution of euphorbium- 
rosin with alcoholic sugar of lead, a precipitate is formed from which, by moans oi 
hydrochloric acid and alcohol, a dark-brown resin, the o-rcsin, may be separated : it 
lias a sharp burning tastor and dissolves in alkalis and in alcohol. 

The liquid filtered from the lead-precipitate yields, when mixed with sulphuric 
acid, and then with water, a precipitate of the i8-resin, easily soluble in alcohol, but 
insoluble in pure ether. On evaporating the alcoholic solution, this rosin remains as 
a ahining, brittle, transparent mass, soluble in very dilute alkalis, and in dilute aqueous 
acids; hence Buchner andHerberger (Buchn. Kepert. vL 146) regarded it as a 
base, which they called euphorbiine. 

Johnston (J, pr. Chem. xxvi. 146), and H. Bose (Pogg. Ann. xxxiii. 33; liii, 
365), have obtained from euphorbium several easily soluble resins. — ^By exhausting the 
euphorbium with cold alcohol, a pale yellow solution is obtained, which, when evapo- 
rated^ leaves a brown-red, brittle, and friable resin, insoluble in caustic 

alkalis, dissolving with, red colour in strong sulphuric acid, and separated unchanged 
by water. x' 

, ^ben euphorbium, after exhaustion with cold alcohol, is well boiled with alcohol, 
the liquid deposits, on cooling, the 7-resin of Berzelius in indistinct crystals, the com- 
Pjwijion of which appears to be It is a perfectly indifferent body ; its 

®.^bolic solution is not precipitated by ammonia, neutral acetate of lead, nitrate^ of 
*>nrer, or by alcoholic potash ; but aqueous potash precipitates it. By dry distillatioii 
yields a viscid distillate having an alkaline reaction. 



Kaphorbinm, when swallowed in small doses, produces yoiri/ting ahd purging* 
larger doses it is poisonom When applied eatemally it produces irritation, i^d ^ 
theiofore employed as an ingredient of vesicating unguents and plasters ; but its 
hi now almost wholly confined to veterinary practice. (Handw. d. Chemi iik [3] 954 ^ 

aWHOTSDIL Syn. mih OJinUBD. 

SWB&ABZA. The green parts of Euphraiia officinalis (ojre-bright), contain 
Bcconling to Enz (Vierteljabrsschrift pr. Pharm. viiL 176), tartanc, citric, acetic, and 
lactic acids, red and yellow colouring matter, fixed and volatile oil, and a tannic* acid 
supposed to be peculiar to the plant, and called eiiphrasia-taiinic acid; its lead- 
ealt is said to contain SPbO.C^H^O''*. 

100 pts. of the fresh plant, at the flowering time, contained 62*0 pts. water; from Mu* 
residue, ether dissolved 4*4 pts. ; alcohol then 12 pts., Water 6‘4 pts., and hydrochloric 
acid 4-4 pts., leaving 10*8 pts. of insoluble residiie. 

airPBTUXTB. A sub-species of mica allied to Margarodite, occurring, togeth(*r 
with corundum and Ijlack tourmalin, at Unionville, Delaware County, Pennsylvuniu. 
It is greyish or sea-green, with faint mother-of-pearl lustre on the outside, but on tlie 
cleavage-faces, which are very perfect, it is white, with very strong nacreous histii'. 
The laminsB are very brittle and perfectly transparent. Hardness 3. Specific gravify 
2 963. Before the blowpipe it exfoliates, shinee more brightly than emerylitc .»V 
corundelite and melts on the edges. — The composition of this mineral i« variouiilv 
stated by diflferent analysts. According to Smith and Brush (Sill. Am. J. [*2] xi. 
209), it contains (mean of four analyses) : 

Sioa Al'oa Fr*(P CaO MgO K* Na‘0 H»0 

40*28 42 08 1*42 1*26 070 3*60 471 6*66 » 99*59; 

when^ the formula 2M'O.Si(P + 2(3M*O*.4Si0*) + 4tUi., which, by reducing the 
sesquioxides to protoxides, may be converted into that of a combination of an ortho- 
silicate and a hydrate, viz. 9K‘SiO*.4RHO + 2 aq. 

BtrPXOBE. A hydrocarbon, discovered by Rcichenbach (Ann. Ch. Ph.-irm 
xiii. 217), and consisting essentially, according to Frankland, of hydride of amyl, C'H'-. 
It is produced by the dry distillation of many organic bodies, viz. of wood, coni, flxt'l 
oils, caoutchouc, resin, bones, &c. ; it is, therefore, a constituent of wood-tar, uuil. in 
greater abundance, of coal-tar, but is found most- abundantly in rectified boiio-oil 
(i. 625), and in the oil obtained by the dry distillation of rajRvsccd and hemp-sced. 
According to Hesse (Ann. Oh. Phami. xxiii. 247), it does not exist in the mi<le 
enipyreumatic oils obtained from these several sources, but is produced in the proi'ess 
of purifying them by the action of sulphuric acid. To prepare it from rectitieJ 
Isjne-oil, the oil is mixed with ^ of its weight of oil of vitriol ; the lighter and eloariT 
liquid, which rises to the surface, is taken off and distilled with an t^qual wciglit 
of sulphilric acid and a small quantity of nitre ;’ the distillate is again distillcil with 
sulphuric acid, then washed with aqueous potash and with water, rectified, dried umh i* 
the air-pump, and treated with potassium as long as tlie metal shows signs of oxidation. 

Eupione is a colourless, extremely mobile liquid, having a very low refracting power. 
It is tasteless, and has an agreeable odour, like that of flowers. It does not condiK’t 
electricity. Specific gravity =» 0*65 at 20®C. It remains liquid at 20°C., expands 
very much when heated, 100 vol, at 20^^ C. expanding to nearly 104*6 vol. at 47° C. It 
is very volatile, evaporating perceptibly at common temperatures. When dropped 
on paper, it makes a grease-stain, which quickly disappears ; it evaporates instantly on 
the skin, boils at 47^ C., and distils unaltered. It is inflammable, and burns with a 
smokeless flame. 

Eupione is insoluble in water, sparingly soluble in aqueous alcohol, but mixes easily 
with absolute alcohol, ether, and oils both fixed and volatile. It dissolves sulphur and 
phosphorus only with aid of lieat ; many fats, camphor, and similar substances with 
fi^ulity, caoutchouc also when heat^, the solution leaving a dry varnish when evapo- 
rated. Resins it dissolves for the most part with difidculty and incompletely; and 
most alkaloids are quite insoluble in it, even at the ’boiling heat. 

Eupione is a very stable substance ; it is not altered by light ; sulphuric acid, nitnc 
acid, alkalis, potassium, and sodium have no action upon it, and even perman^aw 
of potassium 18 said not to be reduced by it. With chlorine, bromine, and iodine, it 
unites without undei^ing decomposition. 

XVBYBCBXtOXTB. A native phosphate of calcium (phosphorite) occorring^ 
large quantity at Crown Point, New York, and used abundantly as manure^ (9^ 
FHOSPHoana.) 

BlWm* A variety of syenite occurring near Christiania; it isof a blue 
and stratified. Two specimens gave : 
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(Kjerulf, Jahresber. f. Chem. 1864, p. 882.) 

BUBTJrCBXTJB. Vana^te of lead, found in abandoned workinf^, at ITofsgrnnd 
near Freiburg, in the Breisgan. It is micro-crystalline, and forms spherical or 
bfttryoidal aggregates and crusts of yellowish-red or leatlier-yellow colour, with some- 
what lighter streak; scarcely translucent on the o<lgo8; distinctly radio-fibrous. 

— 3-6. Specific gravity *= 4*945. Melts to a lead-grey bciwi before the 
Mow-i)i])o; yields lead on charcoal, and with phosphoruB-salt, a yellow bead in the 
oxifliKing, green in the reducing flame ; gives by analysis fiS /O PbO ; V=()* ; 

22fJy V*0‘; 0-94 SiO* (total 99-82). (Fischer and Nosslor, Jahresber. f. Chem. 
18/)6, p. 964.) 

SXrrOMXTB. See Teixuric Bismuth. 

EVXABTBZC da.CXB. PurreicaekL (Stonhonsc, Ann. Ch. Pharm. 

li. 123.— -Erdmann, J. pr. Clicm. xxxiii. 190; xxxvii. 386.)— This tioid, in conibinution 
with magnesia, constitutes the ossontial part of purree or Indian yellow, a sub- 
stance imported into Europe from India and China, and consisting, according to most 
authorities, of the dried sediment of elephants’ or buffaloes’ urine ; but, according to 
Stenliouse, of a vegetable extract, obtaiued by evaporating doM-u the juice of certain 
j.Iauts mixed with magnesia. (See Purrkb.) 

To prepare euxanthic acid, the purree is exhausted with boiling water, and the 
rcsiduo is dissolved in boiling dilute liydrochloric acid. The solution on cooling de- 
\m\\» eiLxanthic acid in yellowish needles grouped in Btars. Jt i.s s|iaring)y soiiiblo 
in cold water, but dissolves easily in alcohol and ether. Wlum crystallised fnnn 
alcohol it retains 1 at. water (C2*H*''0*'.H^), and when precipitated by liydrochloric 
acid from its ammoniacal solution, 3 at. water (C“'1P'’0“. 311*0). Tliis water of 
('nstallisation (4 or 11 per cent.) is given off at 130® C. The acid has a sweet taste, 
with hitter after-taste. It is colounnl deep yellow by alkalis. 

Kuxanthic acid cautiously heated in a tube yields a yellow sublimate of eiixnn- 
tlione ; *» + CO- + 3H'‘‘0. The same substance is produced by 

llio action of strong sulphuric acid, together with ham athionic aci d, C'H'SSO'*. 

With chlorine^ bromine, and cold nitric acid, euxanthic acid fonns sul)Hti1uf ion-})ro- 
ducls (p. 610). Hot nitric acid converts it into coccinonic acid, together with 
oxalic acid, and ultimately into ox y picric or styphnic acid. 

Euxanttaatea* Euxanthic acid is monobasic, the general formula of its salts 
iH'ing The cuxanthates of the alkali-metals arc soluhh*, in water. Tlie 

liaiium- and calcium-salts dissolve sparingly in cold, easily in boiling water ; the 
neutral magnesium-salt is also soluble, but the basic salt contained in 1 ndian yellow 
is insoluble. The other salts are sparingly soluble or insoluldo in water. 

Kuxanthate of ammonium, C''''H''(NH*)0’*, crystallises in light yellow, highly lus- 
trous^ needles. The potassium-salt crysbilliscs from a warm solution of euxanthic 
acid in acid carlionate of potassium, in light yellow crystalline scales. Tlie nttUrdl 
lead-salt, C^*H**Pb"0**, is precipitated from the aqueous solution of tbo ammoniuiu- 
salt by neutral acetate of lead in yellow flocks. The basic lead-salt, PbO.tJ^-IPU’l/T)*'* 

^ 'iq-, is tlirown down from a boiling alcoholic solution of euxanthic acid by an 
alcoholic solution of basic acetate of lead, as a yellow preiupitato. 

lluxanlhaie of Magnesium. — On adding euxanthate of ammonium and a little free 
ammonia to a solution of chloride of m;iguosium containing sal-ammoniac, a yellow 
amorphous precipitate is formed, which dissolves in boiling water, but soon separates 
a« an orange- coloured jolly, which changes on standing into a shining yedlow crystal- 
hne powder, no longer soluble in water, and consisting of a basic salt, probably 
+ 8aq. This salt forms the chief constituent of Indian yellow ; in the 
p«re state, however, it has a much finer colour than the pigment so calbnl, which con- 
tains a larger and variable quantity of magne.sia. Erdmann, indeed, found 40 per 
magneaia in Indian yellow, whereas the pure salt obtained as above contains only 
9*6 per cent 

^uxanthate of silver is a gelatinous yellowish precipitate, somewhat soluble in water, 
and turning brown when exposed to li^ht 

A solution of euxanthate of ammonium forms with ferric salts, a blackish-green 
pr^ipitate; with ferrous salts, dark green (Stenhouse); white becoming dark- 
coloured by contact with the air (Erdmann) ; with cupric salts, a stiff yellow jelly, 
somewhat soluble in pure water ; with manganous, nickel, and zinc salts, lemon- 
yellow precipitates; with mercuric chloride, after some time, a slight yellowish 
precipitate, 

Voull. BB 
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JEUXANTHONE, 

Derivatives of Eaxanthic acid, 

Bromeuxanthic acid, is obtAinod by the action of bromine 

euxanthie acid in presence of water. It is soluble in boiling alcohol, which on coolin 
deposits it in golden-yellow microscopic needles. The mother-liquor, when evaporatod* 
yields an addttional quantity of the acid in the amorphous state, the amoiphous modi] 
fication being much more soluble in alcohol than the ciwstalline acid. 

The salts of bromeuxanthic acid are gelatinous ; the potassium- and ammonium- 
salts however exhibit, after a while, a tendency to crystallise in needles. 

Chlor euxanthie acid, C-*H'*CPO'*, is obtained bypassing chlorine into water in 
which euxanthie acid is suspended. It crystallises in snining golden-yellow scales, in* 
soluble in water, easily soluble in boiling alcohol, sparingly in cold alcohol. Its salts 
are mostly gelatinous. 

Nitroeuxanthic acid, C*^H'®(N0*)*0**. — Obtained by immersing euxanthie acid 
in cold nitric acid of specific gravity 1-31. It dissolves sparingly in water and in cold 
alcohol, easily in boiling alcohol, whence it crystiillises in straw-coloured lamium. Its 
salts are mostly gelatinous, and deflagrate when heated. 

Coccinonic acid, Nitrococcinic acid — This acid was discovered by 

ICrdmann, who assigned to it the formula according to Laurent, it is 

perhaps nitroquinonic acid, or C®TI®(N0*)0®. It is produced, together 

with oxalic acid, when euxanthie acid is heated with nitric acid of specific gravity i :u, 
and separates as the liquid cools. If the heat is not strong enough, nitro-euxnntliio 
acid is formed at the same time ; in that case, the filtrate when heated will yield an 
additional quantity of coccinonic acid. 

This acid forms yellow crystalline grains, which become strongly electric by friction. 
It is especially distinguished by its property of forming, with bases, scarlet salts which 
burn urith slight detonation. The amrnonium-salt is soluble in water and in excess of 
carbonate of ammonia. The potassium-salt is sparingly soluble in water and in excess 
of carbonate of potassium. 

By the continued action of nitric acid, coccinonic acid is converted into oxypicric 
acid. 

Hamatkionic acid. — A product of the action of sulphuric acid on cuxantliic acid. 
Its composition is not quite determined. Erdmann, who discovered it, assigned to it 
the formula or A solution of euxanthie acid in cold sul- 

phuric acid yields, on addition of water, a precipitate of cuxanthone, and if the filtrate 
bo saturated with carbonate of barium or oxide of load, filtered from insoluble salt, 
and the pale yellow liquid carefully evaporated out of contact with the air, a strongly 
acid solution of free liamatliionicacid is obtained, which dries up to a syrup by evapora- 
tion at a low temperature, but is decomposed by boiling, with elimination of sulphuric 
acid. 

The huniathionates of the alkali-metals of barium and of lead dry up to yellowish 
gummy masses. The solutions clecompose in contact with the air, with 8e})aration of 
a brown powder and liberation of sulphuric acid. The solution of the tuulral l(‘ud-.sult 
yields, on addition of basic acetate of lead, a yellow precipitate chiefly consisting of 
triplumbio humatliiouate. 

SnnKAlsrTBOXirB. Purrenone (Stenhouse), (Borzoi i us).— 

A neutral product of the decomposition of euxanthie acid, first obtained by Stenhouso 
(Ann. Ch. Pharin. li. 426), and sootl aftenvards by Erdmann (ibid. lii. 366 ; lx. 289). 
It is produced by heating the acid, or its barium- or lead-salt per ae; or by treating 
the dry acid with strong sulphuric acid; or its alcoholic solution with hydrochlonc 
acid gas. The transformation may be represented as follows : 

= C*®II*»0« + CO* + 3H*0. 

In preparing euxanthone by the action of heat on euxanthie acid, or its banum- 
or lead-salt, it is best not to raise the temperature to the subliming point of euxan- 
tbone, but to keep it between 160® and 180® C. The euxanthone then remains in tlie 
residue, and may be freed from undecompo&ed euxanthie acid by digestion with 
ammonia, and then recrystallised from alcohol. 

Euxanthone forms pule yellow shining needles or laminsB, slightly soluble in water 
and in cold alcohoL When carefully heated it sublimes for the most part without 
composition. It is perfectly neutral, dissolves in strong aqueous ammonia, and essily 
in potash, but not in dilute acids. The alcoholic solution is precipitated hj basic acetate 
of lead, but not by the neutral acetate, or by baryta or lime. Nitric acid dewmpo^ 

producing first porphyric acid, C'*H*(N0*)*0^ [?], then oxyporphyric aciu* 
C*•H*(N0*)*0^ and lastly oxypicric or styphnic acid, C*H*(N0^*0*. 

Chlorinated and brominatca derivatives of euxanthone arc produced* 
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ifr«ct action of chlorine and bromine on enxanthone, but by dissolving chloreuxanthic and 
bromeuxanthic acid in strong sulphuric acid, and precipitating l)y water. The mother- 
liquor retains an acid containing chlorine or bromine, and sulpliuric acid, and forming 
a soluble barium-salt [ ? chlor- or brom-hamathionic acid], but no hydrochloric acid. 

Ohlortuxanthone separates from its alcoholic solution in yellow, feathery crystals 
containing The formation of this trichlorinated compound from dichlor- 

puxanthic acid seems to show that tho composition of cuxanthone is not adequately 
expressed by the formula and that its formation from euxanthic acid is not 

quite so simple as it is represented by the equation above given (p. 610). 

^ Jiromeiuvanihone is precipitated by water as a pulverulent substance ; it is probably 
analogous in composition to chloreuxanthone, but it has not been analysed. 

SirXBmTlI* A mineral consisting mainly of niobatc and titanato of yttrium, 
found at Stromoe, near Arendal, and other localities in Norway. According to 
Breithaupt, it forms crystals belonging to the trimetric system ; but it is usually mas- 
give without trace of cleavage, and with imperfectly conchoiVlal fracture. Opaque in 
the mass, translucent in thin splinters. Lustre metallic and waxy. Colour brownish- 
l)lack. Streak brown. Hardness = 6 5. Specific gravity 4 6 to 6 0. It is not 
attacked by acids, is infusible before the blowpipe, gives oft’ water when heated, 
becomes yellowish -brown on ignition, and forms, with borax and phosphorus-salt, 
yellow glasses, the latter becoming light green or colourless on cooling. 

Analyses. — a. Brownish-black, from Joist or (Scherer, Pogg. Ann. 1. 149), approx- 
imate analysis ; b. Brownish-black from Tvedestrand (Scherer, ihid.)\ c. Black, 
fmm Tremoe (Strecker, J. pr. Chem. Ixiv. 384). d. Forbes and Dahl (fiftf. Ixvi. 
444; Ixix. 363): 



Nl) 0» TiO* 

Al‘^0* 

UO 

FeO 

YO 

CeO 

LaO 

Cut) 

MgO 

HO 

a. 

49-66 7-94 

• • 

6-34 

• • 

26-09 

2-18 

0-96 

2*47 

0-29 

3 97 « 98-90 

b. 

63-64 

. 

7-68 

2-60 

28*97 

2-91 

, , 



4-04 « 99*74 

c. 

37-16 16-26 


8-45 

3-03 

26*46 


6*25 


2-68 » 99*29 

d. 

38-58 14-36 

3-12 

6-22 

1*98 

29 35 

3-31 


1-38 

6-19 

2 88 « 100*37 


SirZEOXiXTlS. Syn. W'ith Stilbitji. 

BVAPORATZOXT. See Hrat. 

BVSRirZA. The lichen known as Evernia or Parmdia primastri^ contains, ac- 
cording to Rochleder and Helclt (Ann. Ch. Pharm. xlviii. 2), besides fat, cellulose, 
&c., a clirotnogen or colour-producing substance, identical with Schnnek’s lecanoric 
acid ; according to Stenbouse, it contains cveruic acid together with usnie acid ; accord* 
iiig to Hesse, it also contains oxalic acid. 

BVERnxe ACZX>. C'WW. (Stonhouse [1848], Ann. Ch. Pharm. Ixviii. 
acid homologous witli lecauoric acid, obtained from Eoirnia jiranastri. To 
prrparo it, tho lichen is oxhau.sted with milk of lime, the yellowish filtrate is neutralised 
witli hydrochloric acid, and the resulting light y<‘llow flocculent precipitate is washed 
with water, carefully dried, and then digested at a gentle heat in weak spirit, till 
altoiit \ of it is dissolved (the remainder consisting of usnie acid). The filtrate on 
cooling deposits evernic acid in yellow crystals, which may be purified by recrystallisa- 
tion from weak spirit, with addition of animal charcoal. 

Pveruic acid forms aggregates of small colourless crj'stals, destitute of taste and 
enoiir. It is insoluble in cold, and sparingly soluble iu boiling water; easily soluble in 
alcohol and ether. It melts at 164^ C., and decomjx)pes at higher temperatures, yield- 
ing orein and an empyreumatic oil. Solution of hypochlorite of calcium colours it 
jellowiah. The ammoniacal solution absorbs oxygen from the air and acquires a dark 
red colour. 

% the action of potash or baiyta-water, evernic acid is resolved into orsellinic and 
j‘vfrninic acids, the former of which is soon further decomposed into orcin and car- 
^^hydride. Evernic acid quickly absorbs bromine. When boiled with alcohol 
'I yields everninate and orselHnate of ethyl, the latter of which quickly undeivoes 
fu^her decomposition. 

Lvernic acia is monobasic. The barium-salt^ C**H“Ba"0'* + aq., forms small white 
prismatic crystals, sparingly soluble in cold water, easily in wejik spirit. Tho 

fissiim-saUt is colourless, with silky lu.stre, sparingly soluble in cold 

in aqueous carbonate of potassium, easily in weak spirit and in caustic 

^^RkirXirXC AOZBf or Evernesic acid, C®H“'0^ (Stenbouse, /ec. <?i^.)— 

product of the decomposition of evernic acid under tho influence of caustic alkalis t 

Ci»H“»0» + H-0 « + enPO*. 

Bverok acid. Everntnic acid. Oriellinic acid. 

B li 2 
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The orgellinic acid quickly undergoes further decomposition into carbonic anhvd 
’ and orciiJ, whicli remains in the mother-liquor. 

The best mode of preparing eveminic acid is to boil evemic acid with baryta-w 
Carbonate of barium is then deposited, and the filtrate treated with hydroeiil'on' 
acetic acid, yields a precipitate of everninic acid, which may be purified by 
with water and animal charcoal (S ten house). Eveminic acid may also be pre^ 
directly from Evernia prunastri containing a large quantity of evornic acid, by 
the lichen ^th water, evaporating down the aqueous solution, and mixing it Jifl 
hydrochloric acid; it then after a while deposits impure everninic acid, which may b# 
purified as above. (Hesse.) ^ 

Everninic acid forms crystalline laminae resembling benzoic acid, colourless, tastrloss 
and inodorous ; sparingly soluble in cold, moderately in boiling water, very ofwily ir 
alcohol and other. The solutions redden litmus. The acid melts at 147^ C., and i« 
decomposed at a stronger heat, emitting an agreeable odour (suffocating, aceordint: u 
Hesse), and yielding a white erysttilline sublimate. ® 

Everninic acid dissolves easily in cold sulphuric acid ; on heating the liquid, carboni- 
sation takes place, with evolution of sulphurous anhydride. 

Dilute n/lrfc acid scarcely acts on everninic acid ; the concentrated acid decornpo<!,^s 
it slowly in the cold, more quickly with aid of lieat, forming evemitic acid, togcthei 
with oxalic acid and other substances not distinctly made out. (Hesse.) 

Everninic acid is coloured yellowish by hypochlorite of calcium, like cveruie acid 
hut is distinguislied from the latter by not yielding orcin when boiled with potash, ani: 
by its ammoniaeal solution not turning red on exposure to tlie air. 

Everninic acid is monobasic ; a few only of its salts have been prepared. Everninnic o, 
C"*H**Ba' 0* + 2aq., is obtained by decomiKJsingevernic acid with bary ta-watci 
as abaye described ; the liquid filtered from carbonato of barium is cvaporatfMl, 
from orcin and colouring matter by washing with alcohol or ether, and the residue v 
crystallised from weak spirit. The salt forms long, hard, four-sided prisms; it i- 
nearly insoluble in absolute alcohol, but dissolves in weak spirit. 

The sitver-salt, 0®IPAg0*, is obtained as a white precipitate on adding nitrate o 
silver to an ammoniaeal solution of the acid. 

Everninate of ct hy I or Evern hue ether, =* C®n®(CHP)0<, does not appM; 

to be produced by the action of hydrochloric acid gas on an alcoholic Bolntioii f)f‘ (*yi r 
ninic acid, but is obtained from cvernic acid (p. 611), by boiling that acid fur 8 or 1( 
hours with strong alcohol, evaporating nearly to dryness, washing with cold water tf 
separate orcin (p. 611), and recrystallising from alcohol with aid of animal eliarcoiil 
Or better; cvernic acid is dissolved in alcohol, with addition of caustic potash, and tin 
liquid is boiled, ne\itralised with carbonic acid gas, and evaporated. The <lark browi 
liquid, which still contains orcin, deposits brown crystals of everninic ether, which jiti 
purified with alcohol and animal charcoal. 

Eveminic ether forms long colourless crystals, destitute of taste and odour, insoluhh 
in cold, and nearly insoluble in boiling water, easily soluble in alcohol and ether. I 
melts at 66° C., and crystallises on cooling. It dissolves in caustic pohish witlioii 
decomposition ; not in ammonia, or in carbonate of potassium. 

aVSRXrXTXC A,CXD. C®IP(N0»)W, or C»H®(NO’')®Of (?). (0. Hesse [1801] 
Ann. Ch. Pliarra. cxvii. 300.) — An acid resembling oxypicric acid, produced by tlu 
action of nitric acid on everninic acid. This acid, digested at a gentle heat with tci 
times its weight of strong nitric acid, dissolves with evolution of nitrous acid ; and oi 
saturating the brownish yellow solution with carbonate of sodium, evaporating to dryness 
exhausting with alcohol, evaporating to expel the alcohol, filtering to separate an amor 
phous deposit, and mixing the filtrate with nitric acid, needles of evemitic acid are depo 
sited aftor a few hours, while oxalic acid and other foreign substances r(»main in solution 

Evemitic acid forms long pale yellow prisms, or a white crystalline powder, b 
dissolves sparingly in cold, more readily in boiling water^ forming a yellow solution 
which has an astringent taste, but no acid reaction. It dissolves easily in akom 
forming an acid solution ; it dissolves also in ether. When lieated it melts and car 
bonisea, and if quickly heated, dooomposes with slight explosion. It colours the skii 
yellow. Dissolves in nitric add, 

Evemitic acid is dibasic ; the alkali-metal salts, which are easily soluble, may 'bf 
obtained by direct union of the acid with the bases. The harium^alt sep^t^ 
adding chloride of barium to a solution of the sodium-salt mixed with acetic acid, in 
brownish yellow needles, which detonate strongly when heated. A lead-salt cont^n- 
ing 80 per cent lead is obtained in like manner by precipitation from an acid solutioa 
in yellow detonating needles. 

Evemitate of potassium, C*H®K*(NO*)*0* + Saq., or C®irK*(NO*)*0* + iaq- « 
separated from the solution of the acid in potash-ley by carbonic acid, in orange-ycih)^ 
ne^es which dissolve with yellow colour in water and alcohol ; the aqueous solutict 
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is neutral The crystals ^ed over oil of vitriol give oflP 67 per cent water, and the 
dried salt gives by analysis 28*8 per cent carbon, 2*8 hydrogen, and 21 7 potassium"; 
numbers agreeing nearly with either of the preceding formulae, the first of which 
^^uires 2879 C, 2-66 H, and 20*88 K ; the second 29 00 C 212 II, and 21*05 K. ‘ 

jjXANTBA&OSa. Native sulphate of sodium. (See Sulvhatbs.) 

gyfiMllliKBBTS. The matters discharged from the intoistinal canal consist 
partly of undigested residues of food, partly of certain intt>stinal secretions, which, 
after having served their purpose in efiPccting the digestion of the food, jire no longer 
lit to return into the blood. The excrements have mostly an acid, HolIu^times, how- 
ever, a neutral or alkaline reaction. 

From the observations of Wchsarg {MiJcrosco'pische und chemische llnti rsvchuyigai 
fhr Faces ffcmnder erwachsener Mcnschun^ Giessen, 1853), it appears that a full-grow n 
healthy man discharges on the average, in twcuity-four hoilrs,. 131 gramtuos (shout. 4 oz.) 
of fivccs, coutaining 267 per cent, of solid matter (dried at 120® C.), therefore 35 
grammes (about 1 oz.) of solid matter in twenty-four hours. 

Tlic solid matter of the excrements consists mainly of insrdublo reninantji of food, 
insoluble salts, and sand. The portions soluble in water, alcohol, and ether, contain, 
though by no means constantly, albuminous matters, volatile fatty acids, among which 
are butyric and acetic acids, lactic acid, sugar, taurine, resinous products of the do- 
composition of bile, including clioloidic acid and dyslysin, unaltered bi lt‘-pigmciit, but 
Tciy rarely undecomposed bile (only indeed when tlie alimentary matters pass rapidly 
through the intestines, as in diarrhcca or tuberculosis, or when the s<?cretion of bilo 
is abnormally increased, as by the action of calomel),— fat (sometimes in considorablo 
quantity and in musses resembling iriargariii), excretin and excrelolie acid, and small 
quantities of soluble salts, chiefly alkaline phosphates, w'ith mere traces of snlplmtes 
ami chlorides, the potassium-salts being more abundant than the Hodi\im-saUH. The 
pvirtiou of the excrements insoluble in water, {ilcohol, and ether contains, — besides food- 
remnants and sand — earthy and ferric j)lioHphat(^s, and sometimes oxalate of calcium 
(jifb-r the taking of food containing oxalates), 
llcrzelius {Lchrhuch^ 4 Aulb ix. 340—3-19) found in human ficces : 


Water 

bile 

Albumin 

Ihu’uliar extractive matter 

Salts 

Insoluble residue of digested aliments 


and peculiar animal fat . 



76-3 

. 0-9> 


, 0-9 1 

. 271 

\-o’7 

. l-2j 

7 0 

b 

12*0 

100-0 


Wehsarg found in 1000 pts. of human feces, 733 pts. of water and 267 pts. of solid 
matter, yielding on the average 63*4 pts. of matter soluble in watcT, 41-6 alcoholic 
extract, 30*7 etlior-extract, 80*0 insolulde food-residues, and 10 95 inorganic salts pre- 
cipitahle by ammonia. 

In the ash of human excrement Porter (Ann. Ch. Pharm. Ixxi. 109) found; 

K20 Na*0 CaO MgO Fe-O’ SO^ CO* N.iCl 

6*10 6*07 26-46 10-64 2*60 36*03 3*13 6*07 1-33 « 96*23 

Fleitmann (Pogg. Ann. Ixxv. 366) found in the ash 30-68 per cont. soluble salts. 
According to Berzelius, human excrements contaiu relatively le.ss linje and more' mag- 
nesia than the food; and, according to Wchsarg, they contain only traces of pliosphate 
of calcium, but considerable quantities of phosphate of niagiicsium. Acconling to 
Porter’s analysis, however, the proportion of lime exceeds that of magnesia. The pn> 
^rtion of soluble salts in the solid excrements is, under normal conditions, very mudi 
loss than in the urine, and only becomes considerable in diarrlicea, cholera, and otliez 
diseases of the intestinal canal. 

Tho following results respecting the constitution of tlie excrements of man and 
animals have been obtained by Br, Marcet (Phil. Trans. 1854, p. 266; 1857, 403). 
When healthy human feces are completely exhausted with boiling alcohol, a residue 
is obtained which is completely insoluble m ether, and from which boiling water ex- 
tracts nothing but ammonio-magnesian phosphate. The clarified alcoholic solutioi 
deposits after long standing a precipitate whimi appears to contain a peculiar granula; 
snl)stance and an olive-colonred fatty acid, excretolic acid, wliich melts betweei 
So'^ and 26® C. The alcoholic solution separated from this deposit and mixed witl 
of lime, yields a brown precipitate, from which, after drying, ether extracts i 
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ciTfltaUisablo substance, excretin. Marcet is of opinion that human fieces genemll 
contain excrctin in the free state. The lime precipitate, freed from excretin by mnl 
of ether and treated with hydrochloric acid, yields margaric acid ; it likewise conuin! 
a colouring matter apparently resembling that of the blood, or that which Harlov 
(Proc. Roy. Soc. vii. 122) has obtained from urine. The amount of margaric acid 
seems to depend on the quantity of vegetable food. In the acid excrements of a 
patient in whom the flow of bile into the intestine was obstructed by the pressure of 
an enlarged and disorganised pancreas, Marce't found acid stearate of sodium, together 
with considerable quantities of free fatty adds. (Cliem. Soc. Qu. J. x. 162.) 

The fsDces of carnivorous animals contain, not excretin, but a substance resembliiu; 
it, together with butyric acid ; tliose of the crocodile eontain cliolesterin, but no ur^ 
acid ; those of the boa contain uric acid, but no cliolesterin ; and those of vegetable- 
feeding animals contain neither ex cretin, butyric acid, nor choleaterin. 

The excrements of birds and serpents, which, mixed with the renal secretion, are 
discharged from those animals through the cloaca, partake, to a groat t'xtent, of tho 
nature of urine, consisting chiefly of alkaline urates and earthy phosphates. (Seo 
Guano and Urinh.) 

The excrements of insects consist mainly of the remnants of the tissues, animal or 
vegetable, which they have swallowed as food, mixed with constituents of the mine, if 
the insect is not provided with special urinaiy organs. 

For further details on excrements, see Lthmann's Phr/sio/ogical Chemistry, tranHlatcd 
by Day, ii. 141 ; iii. 517. — G??ielm*s Ilandbuch, viii. 93. — Uandw. d. Chem. ii. [.3] 071, 

EXOASTinr. (Marcet, he. cit., also Proc. Roy. Soc., ix. 308.)-This 

substance crystallises readily from the alcoholic extract of tho faeces, in silky crystals, 
very soluble in ether, sparingly soluble in cold alcohol, insoluble in wat(T. It lias 
an alkaline reaction, and i.s not decomposed by dilute mineral acids. Melts betw.cii 
96° and 96° C. Human feces contain, on the average, 0‘46 grrn. of impure excrctin, 
and 0*184 grm. of pure excretin in one evacuation. The faeces of a child one year old 
were found tocont^iiu not oxcretin, but cliolesterin. 

SSXCRSTOXiZC ACID. A fatty acid, obtained by Marcet from the alcolmlii: 
extract of human excrements (for the method of obtaining it, see page Cl 3). It has a 
feculent odour ; melts at 26° — 26° C. ; and when heated on platinum-foil, emits an 
odour like that of burning excretin, and bums away with a bright flame. It is in- 
soluble ill water, soluble in ether, sparingly soluble in cold, easily in hot alcohol. Tiie 
solution has a distinct acid reaction. 

liaCOFBACZlir. The name given by Valenciennes and Fr^my to the outer portion 
of the crystaUiue lens of tho eyes of mammalia. 

fiSOSlIKOSfi. See Osmose. 

SBPABSZOIV. See Heat. 

SZ8XCCATOR. A drying apparatus, consisting of an enclosed space coutainiiig 
substances which rapidly absorb moisture, such as oil of vitriol, dry chloride of 
calcium, &c. 

ZIXTXtAGT. A pharmaceutical term, applied to the tough or viscid masses, ob- 
tained by treating organic substances with solvents, and then evaporating the solvent. 
(See Urds Dictiov ary of Arts, Manufactures, and Mines, ii. 167 ; and HandwOrterhuch 
der diems, ii. [3] 977.) 

BTX« The eye consists of three coatings, tlio .sclerotic, choroid, and retina, en- 
closing the crystalline lens, and two transparent liquids or humours, the aqueous and 
the vitreous. 

The sclerotica is a hard, tough membrane, enveloping the entire globe of the eye, 
opaque for the most part, but transparent in fiunt : this transparent portion, which w 
more convex than tlie rest, is called the cornea. 

The sclerotica is composed of a tissue which is converted into chondrin by the action 
of boiling water, leaving only a small residue of vessels. Boiling hydrochloric acid 
first contracts and then dissolves it rapidly. Acetic acid converts it into a jelly soluble 
in water, forming a solution which is not rendered turbid by ferrocyanide of potassium. 
The sclerotica contains in 100 pts., 6100 C, 7 08 H, 18*72 N, and 23*20 0. (Scherer.) 

The cornea is also compoaid of tissues which ^ield chondrin when boiled with water 
and dissolved in hydrochloric acid. Acetic acid first contracts the cornea and then 
dissolves it completely. The solution is precipitated by potash, and by ferrocyanide 

potassium. 

' The choroid is a tissue lining the interior of the eye-ball, next to the sclerotic 
coat; it yields chondrin when 1x>ilcd with water. 

The retina, which is the innermost coating of the eye, is soft and semitransparent 
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and appKXM*®® in composition to the nerves pd brain ; it may, indeed, be regarded 
tfiao expension of the optic nerve. It contains, according to Jjassuigne, 92*90 per 
cent water, 0*85 saponifiable and phosphoretted fat, and 6*25 Mllmmin. 

B^^twcen the choroid and the retina is interposc^d a layer of cells lillod with a black 
opaque substance, called the black pigment, the pigmentuni nigrum or oph- 
thalnio-melanin. When separated by washing from the enclosing menibrain*, it 
fonns a heavy black powder, perfectly insoluble in water, alcohol, and etlier, sparingly 
Bolublo or insoluble in dilute mineral acids, but dissolved by caustic potasli, witli 
ovoiution of ammonia. It burns with an unpleasant odour, leaving a small quantity of 
containing iron. The organic matter of tUo black pigment contains, ai-eording to 
.Scherer, 58*0 per cent C, 6*0 H, 14*0 N, and 22*0 0. 

The iris, which is the coloured reticular membrane, situated in front of tho eyo, 
just behind the cornea, consists chiefly of flbrin. 

^ The crystalline lens is a transparent body, having the form of a double convex 
lens, situated behind the pupil. In man and inammiferoiis animals in general, it con- 
sists of fibres, which, in the central portions of the lens, the exophacin, consists of 
an albuminous substance {albumin a), which coagulates at about (I, but does 
not lose it^ transparency when treated with alcohol, even for a long time. Jn the outer 
portion of the lens, the exophacin, tho fibres arc united by another albuminous 
fiiil>stance {nuiaUmviin), which does not coagulate at the boiling lieat; both tliese 
substances differ from ordinarr albumin (i. 66), in not forming a bine s^'liition with 
hydrochloric acid. _ The crystalline lenses of birds and reptiles differ but sligliMy from 
(hose of mammalia. The c^stalline lens of fishes is also formed of two parts, tho 
outer of which (the exopliacin) consists of mctalbumin, the inner of an albuminous 
Kubstaiice, insoluble in water, called 'phaconin. The fibres of the crystalline lens of 
miunmalia exhibit a close resemblance to the phaconin of fishes. 

Tliose several albuminous bodies do not differ much in coniposilion, cither from each 
other or from orbinary albumin (i. 67), an the following table will show: — 


Carbon . 
Hydrogen 
Nitrogen 
Oxygen . 


Albumin « 

. 61*89 . 
, 6*75 . 

. 15*46 . 

. 25*90 . 


100*00 . 


Metalbumin. 
. 52*8 . 

7-3 . 

. 16*0 . 
e 23*9 . 

. 100*0 . 


Piiaronln. 
. 52*11 
. 7*69 

. 10*53 
. 23*67 

^ 100*00 


In the eye of a horse 'which had become blind by cataract, the albumin and the 
nu'tidbuniin were found to be insoluble in water, and a number of membranes had 
tunned, nearly opaque, and ejisily separated from ono anotluir. These inem>)r}ine.M, 
wlu'u iiicinorated, did not leave a larger proportion of ash tlian ordinary wliite of 
< (Valenciennes and F r o m y, Compt, rend. xliv. 1 1 22. ) 

The aqueous humour, which fills the space between the cornea and the crystalline 
h as, is a mobile saline liquid, having a specific gravity of 1*0053, and containing, 
aocording to Berzelius, 98*10 per cent, water, 1*15 chloride and lactato of sodium, 
and ()*76 free soda, besides a small quantity of albumin. 

Tho vitreous humour is a gelatinous liquid, which fills up the entire space behind 
the crystalline lens. It has a saline taste, is colourless and transparent, but b«*conK*8 
opaline when boiled. It contains 98*40 per cent, water, 0*10 alkaline clilorides and 
lactates, and 1*42 soda and animal matter (Berzelius). The colour and comjmsition 
of the ntreous humour vary, however, 'with ago; in the foetus it is red and contains 
blood; in old age it sometimes becomes yellow. In the vitreous humour of a blind 
horse, Lassaigne found a peculiar yellow colouring matter, and 8 per cent, of albumin. 
(Fclouze et Fr5my, TraH^ de Chimie genhale^ 2®“ ddition, vi. 220, 293.) 


F. 

VjBCBSi See Excrbmskts. 

A substance found hy Buchner and Herbcrgcr in beech-nuts, the fruit of 
sylvatica^ but only imperfectly examined. It is said to be a yellow sweetish mass, 
oasily soluble in water and alcohol, sparingly in ether, decomposed by strong acids 
and by dry distillation, but distilling undreomposed with the vapour of water or alcohol. 
VAavs. See Bhbcr (i. 626). 

VABlb-BAS. See TsTRAHSDRmi. 

1X8* A variety of hydrous dichroi’te, 2M*O.SiO* + 2AFO*,3SiO* -f 3 aq# 
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(p, 310), occurring at Fahlun in Sweden. The crystalline fomis same as tW 
of dichroite, of which indeed it appears to be a pseudomorph. Specific graritv* 

2*6 to 2-79. Somewhat harder than apatite. Colour greenish, yellowish, brownish T 
black. Lustre feeble, perceptible only on the crystalline faces. Fracture splintery’ * 

Analyses.-- a, by Hisinger (Athaiidl. i. Fysik, iv. 210).— A. Browuish^een' 
e. Black; d. Crystallised : by Wachtmeister, Pogg. Ann. xiii. 70). ® ' 

S103 AI<03 MqO Mn*OS FeO MgO CaO Na^O K^O H^O F 

a. 46-79 26-73 . . 0 43 . . 6 01 2-97 13*60 , .= 95.40 

h. 43-61 26-81 1*72 . . 6-35 . . 6 63 . . 4*45 0 94 11*66 016 = 101 u 

c. 44-60 30-10 . . 2-24 . . 3*86 6-75 1-36 . . 1*98 9-36 . 

d. 44-96 30-70 . . 1*90 . . 7*22 6 04 0-96 . . 1*38 8-66 . .^=101-79 

Bonsdorfllte from Abo in Finland (p. 321) appears to have the same com|.)osifion- 
also peplolite from Sweden and pyrargyllito from Helsingfors. (Rammchberi?' 
p. 832.) 

r.A.SSAZTi:. A variety of aiigite from the Fassa valley. Piedmont, having a 
grass-green or j)istachio-green colour, with high lustre. 

FATSa Tlie term Fat waa originally applied to all compounds consisting of carhou. 
hydrogen, and a small quantity of oxygen, which, either at ordinary tempera tuns 

form viscid, oily liquids, greasy and leaving a permanent stain on paper, or are con- 

verted into such liquids by heat, — which require a strong heat to make them hoil, and 
then distil over in a state of complete, or nearly complete decomposition, — burn with a 
bright flame, depositing little or no soot,— and are insoluble in water, but soluble in 
alcohol and in ether. 

Fats were divided, according to their various degrees of fusibility, into liqxml fats 
or fatty oils, expressed oUs, or fixed oils, which, according as tlu^y dry up op 
remain greasy when exposed to the air in thin layers, were subdividcfd into driflui] 
oils and non-drying oils^ and into solid fats, such as lard, tallow, wax, spennneoti, 
cholest<Tin, &c. 

Chevreul, to whose fundamental investigations we are indebted for the grontcr pnrt 
of our knowledge of this subject, showed, nearly at the same time with Braconuot, tliat 
fats, as they occur in nature, are for the most part mixtures or combinations of diffon'iit 
simple fats, e. g. of olein, stearin, and margarin, in variable prop>ortions, the cousistontc 
and fusibility of the mixture varying accordingly. He sliowed, morcovt^r, tliit 
certain fats (non -.saponifiable fats), neitlier dissolve nor undergo any other cluiui^e 
when boiled with aqueous alkalis, whereas most of these bodies form soaps with aqueous 
alkalis and with certain heavy metallic oxides; that, in this process of .saponifieutlun, 
the fats do not combine in their original state with the alkalis, but that they nrn 
thereby resolved into two products, viz. finst, a fatty acid, which combi lU S wiih the 
alkali and forms the soap, and dilFei-s in its composition according to the iiutni’«‘ 
of the fat, — and secondly, in most cases, the substance called glycerin, wliioh 
Scheelo obtained by treating fixed oils w-ith lead-oxide and water. Ho sliowi J 
that the sum of the weights of these tw'o products, in their utmost state of drynt.'.^s, 
exceeds that of the fat employed, and conHequcntly that hydrogen and oxygen from 
the water must likewise contribute, in equal numbers of atoms, to the formation of the 
product ; whence he concluded that these saponifiable fats are analogous in composition 
to compound ethers, viz. compiounds of various fatty acids with glycerin niinns a cer- 
tain quantity of water, just as compound ethers are coinjpounds of alcohol with aciih 
minas a certain quantity of water. 

In accordance with the investigations of Chevreul, which have since been confirmed 
and extended, the family of the fats has been broken up, and its members arranged 
according to their chemical nature, as follows : 

1. Unsaponifiable Fats . — These substances remain perfectly unaltered even after 
long boiling with aqueous potash. According to their composition, they belong partly 
to the hydrocarbons, such as parafifln, partly to the alcohols, as ethal and cholestyrin. 

2. Fatty acids or Soap acids.— Obtained chiefly by the saponification of saponifinhlo 
fats. They combine with salifiable bases, without any further addition, and are com- 
pletely separated therefrom in their original state by stronger acids ; hence tlu-y 
properly belong to the class of organic acids, and are in fiict included therein. Ac- 

>'4K>raing to their boiling points, they may be divided into volatile fatty acids, afl 
butyric, capric acid, Ac. ; Sind Jixed fatty acids, as stearic, palmitio^ oleic acid, &c. 

3. Saponifiable Fats . — Those fats do not combine in their entire state with alkali^ 
^ but in contact with alkalis and with water are gradually resolved into a fatty acid 

which unites with the base and forms a soapy salt, and a neutral body, which, 

fiats of this kind, is glycerin, but in some, as cerin and spermaceti, isa non-sapomnsbw 

fat 
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The obtained by Chevreul have, within these last few years, been confirmed 
j^xtended by the researches of Berthelot, who has shown that fats may be artifl- 
llv produced by the direct union of the fatty acid and glycerin, with elimination of 
^*7 or 3 at water. The natural fats, stearin, olein, &c. are for the most part of the 

tol class. ^SeoGLYCBBlDES.) 

yAUJASXTlS. A silicate occurring, together with black augitc, in the mandel- 
f.'n of the Kaiserstuhl in Badon. It crystallises in di metric octahedrons, in which 
t’loiinglc of the terminal edges is 111® 30', that of the basal edges 106® 30'. Hard* 
,!!;s 6. Specific gravity = 1-923. Colourless to brown. Fracture, vitreous and 

uijcvcn. Gives off water when heated in a t ube. Intumesces before the blowpipe, 

. )„1 niclts to a white blcbby enaiiK'l. An analysis by D amour (Ann. Min. [41 xiv. 
fi-'WT-ive 46*12 per cent, silica, lG-81 alumina, 4*79 lime, 6 09 soda, and 27'02 water 
/iPaO N* 

( .99-83). Hence the formula .3SiO* + 2(Ar-‘0>.3Si02) + ISaq., which, by 

{ihlistituting = JAl, and, considering part of the hydrogen as basic, may bo ro- 
diiL-id to the form of a metasilicate (MW*‘H-)Si''0‘’ + i7aq. 

fATAJjXTS. An iron chr^’solito (Eisfnperidot)^ Fe^SiO^, ocourring in pegmatite 
oil the iMoiirno mountains, Ireland, also in volcanic rocks at Fayal, one of tlio Azoro 
isL-iruls. It is irimetric, cleavablo in two directions at right fingles to each tithe]-. 
ll;inliiesH = 6*6. Specific gravity =3 4‘11 — 414; 4*006, acconling to Dclesse. Cohmr, 
hliiok, greenisli or browiiisli ; sometimes iridescent. Fuses readily to a black magnetic 
glchule, and is easily attack(‘d by acids. 

dWy/s's.-— 1. Thomson {Outlines of Mineralogy, i. 401). — 2. Dclesso (Bull.giol. 
|2] X. 668). — 3. Hammolaberg {Miner alchemic, p. 435.) 


Sto* FeC) MnO Al“(P K*0 MgO CaO CuO FeS 

1 . Slavcarrach, Ii*dlaad 29*60 08-73 1 78 

2 . „ „ 29-60 63-64 6 07 trace . . 0*30 

3. Fayal 28*27 63*80 . . 3*46 . . trace 0*46 1*29 3*36 


10011 

98*41 

100*61 


Trwn-eliTysolito has been ohsorvod as a furnace-product m-ar Ciuslar. A volcanic 
pliisH (ii- ol'sldiaii analysed by Klaproth (Iteitrage, v. 222), yielded similar resull.s: 
I'lr.'iD Si()‘, (ifl-OO FeO, 4*0 Ai^O‘, and 0'26 K-0 ; but (4. Koso considers it as a slag. 
(lJ;t II a. ii. ] 86.) 

FAYEWCa. The French name for tlic glazed earthenware \ised for common 
pliitos, dlslu's, jugs, and other ves.st4s. (See I.‘ottkky.) 

FFiATHEIZ-AlLtrM. A name applied to native hydratoil sulphalo of aluminhiin 
{Ar^’'>(S0')^ -f 18itH),andto native iroii-alum or lialotriclute^^j.jj,,, |2S()^ 4- Fill'-O, 
h ill tif which occur in delicate fibrous crystals or masses. (See Siu.pjiatks.) 

FEATHER-OKS. This name is applied to the capillary form of native Bulpliaii- 
lam.iiite of loivl, 2PbS.Sh''S^ ; hut as this min<*rai likewise occurs massive, the iianio 
IldLruiuorjMe {q. v.) proposed for it by Ziiicken and Rammelsberg is pri*feral»le. 

r^THEU. The board and quill of feathers were found by Scherer to 

contain : 

C. H. N. 0 and S. 

beanl . , 52*47 . . 7*11 . , 17*68 . . 22-44= 99*70 

Quill . . 62*43 . . 7*21 . . 17*89 . . 22*47= 100*00 


^heuco it upp(]ars that the two parts of the feather have essentially the same comjK)- 

sition. 

The asli of feathers, especially of birds which live on grain, contains a large propor- 
tion of silica ; the feathers of birds w*hich live on animal food or on berries yield a 
Jiitiillor total amount of ash, and this ash is also less rich in silica, as will he seen 
horn the following table, containing the results obtained by Gorup-Besanez (Ann. Ch. 
i'iiarni. Ixi. 46 ; 1 x\t, 321). 

InbirdUivmgou: silica. 


Seeds 

Flesh , 
Insects, Berries 


the feathers contain in 100 pts. 


Ash. 

Silica. 

Percuntago 
aiiicu in the 

4*84 

1*93 

40 

2*41 

0*23 

10-6 

2*16 

0*64 

27 

262 

0-76 

27 


The feathers of old birds are richer in silica than those of young ones ; the wing- 
‘f^hers contain more silica than those of the tail and breast. ^ x u • t. u 
The permanent colours of feathers arc due to peculiar pigments which may ♦ 
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extracted by various Bolrents. The beautiful play of colours which some feathers exlul 
as the li^ht falls upon them at dif!&rent incidences, arises from a decompositioh 
light siumar to that which is produced by mother-of-pearl and other striated surf 

According to Bogdanow (Compt. rend. xlv. 688 ; xlvi. 780) the yellow, green 
and red pigments of feathers of conshint tint are soluble in alcohol and ether • bla 
feathers contain a pigment {Zomielanin)^ probably identical with the black pigment 
the eye, which is insoluble in alcohol and ether, soluble in ammonia and potawh « 
slightly in water. Feathers of varying colour yield green and brown pigments’ pi 
bably identical in composition with the preceding. ’ ^ 

Feathers when heated emit a characteristic and unpleasant odour. According 
Greville Williams (Chem. Gaz. 1858, p. 309), they yield, when submittal tod 
structive distillation, considerable quantities of pyrrol, a mixture of volatile bfise.s, ai 
a gas containing sulphur, which quickly decomposes peroxide of lead. 

Goose-feathers boiled for a considerable time with dilute sulphuric acid, yi,. 
'leucine and tyrosine. The board of feathers heated to 200^ C. with water in pcai 
tubes for several hours dissolves completely, forming a yellowish liquid wliich smo 
like burnt feathers, and deposits a flocculent precqntate (Loycr and Keller, An 
Ch. Pharm. Ixxxviii. 332). 

Feathers damaged by bending may be completely restored to shape by dipping tli,. 
for a minute in boiling water, and then in cold water till they are qniie Cd 
(Bottger, J. Pharm. [3] xxxiv. 399). 

VB&DSPAR. with Felspar. 

1”BB8ZTS. A compact varic^ty of labradorifo, which, together with horiiblcn* 
forms the greenstone of .Siebonhdm in the Er/sgebirgo. Specific gravity 2 (i 
Oonttiins 51 OO per cent. SiO*, 30-50 AP(P, 1-75 Fe'-'O^ 11-25 CaO, 4 00 Na-O, 1; 
water (= 99*76). {liarnmeUberg^^i Mineralcheinie^ p. 600.) 

FB&SOBASrYZTB. Syn.with GinnsiTK. 


FBBSFAB. This name * is ajipliod to a group of minerals which crystallise in t 
monoclinic and triclinic systems, and may all lie represented, either ns silieatrs 
alumina united in various jiropOTtions with silicates of the alkalis or alkaline lartl 
or as orthosilicatos containing aluminium and an alkali- or alkalinc-ciirtli-mef; 
combined (excepting in the case of anorthite) with excess of silica. On the former 
of representation, they are distinguisliod from one another by the ratio of the oxypi 
in the protoxide, the alumina, and the .silicic anhydride; in the second, by t lie pr 
portion of free silicic anhydride associated with the ortliosilicate. 

The following table shows the composition of the several minerals of the fehsp 
group : 


Oxygen ratio. 

Anorthite . 1:3: 4, Ca"0.AP0*.2Si02 or Ca"(AP)^«(SiO02 




Labradorita . 1:3: G, M'^O.AlWaSiO’ or M»(AP)’'(SiO*)»..SiO’ =m:PS)"! 

' 8.M^O-Al'0*4SiO«orAP(AP)'"(SiO<r.2SiO« = 

OligoclatM .1:3: 9,2M‘0.2Ar0\9SiO»or2[M»(AP)*‘Si*0"].0Si0»- m'^A?')*"!' 
> = 3 : 12. M»O.ArO>.6SiO» or M’‘(Al*)'-(SiO')‘.4SiO« - 


If silica be regarded as @iO*, and the small atomic weights of oxygen, aluminiui 

calcium, &c., Al * 13-7, Ca = 20, be used [0i — 21 ; 0 = 8], tlie formulae became 

Anorthite . . ^CaO.^APG^A^iO^ Oligoclase . , , MO,APO^.^^^} 

Labradorite . M^O. APO*.2^xO^ Albite and Orthoclase Af0u4/*0".4©i< 

^^ane | ZM^O.^APCP.^^xO^ 

• It la sometimes written ** Feldspar,” in imitation of the German FeMspath, derived from FAi 
teld ; tmt ** Felspar,'* signifjlngr a spar found on a rock or/c/, is the more correct spelling. 
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- « describe only the two minerals to which the name felspar is mot^ 

■ 11 ADolicd, viz. Orthoclase^ or Potash-fdspar, and AlUtt\ or 8oda-fdapar. The 
^ VP been or ^1 be described in separate articles. 

Ti two species of felspar just named are distinguisluHl, partly by their crysUilline 
rtly ^ their chemical composition, orthoclasc being monoclinic, and containing, 
^h’ moat part, more potash than soda, while albite is triclinic, and contains more soda 
taah. In one or two varieties of orthoclase (known to be sucli by their clcavsige), 
^rtion of soda exceeds that of potash, as in glassy felspar fix>m Langenl)ei*g 
w 15 p- 620), and in loxoclase ; but in triclinic felspar, the sfMla invurnihly 
'T ‘'*inates* the proportion of potash never amounting to one-third that of the soda ; 
\vTitinay be stated as generally true that excess of ])otash determines tlie inono- 
’ ^ nd exeess of soda the triclinic form. The alkali present in the smaller proportion 
however, to have some influence on the crystalline form: for, acconling to 
^^^vations of Breithaupt and of Naumann, it appears that in some varie(i<«s of 
tlsli-f«*lspar, the inclinations of the axes are somewhat different from that wliich 
i\Ts in normal orthochise, so that the forms pass into tlio diclinic and even into tlio 

Orthodijise^Hnd albite may also be distinguished to a certain extent by tlicir density, 
it of albite being for the most part soinewliat above that of ortlioclase ; but ibis 
tprion is not very decided, inasmuch as the density of a felspar may be increased by 
augmented proportion of lime. 

Orthoclase. Common or Potaah Felspar. Ice-spar. Fdsite. Adidaria. 
uondone. Murchisonite. Jjeclite. Amausite. Animoyi-stone. Sanidbu Napo- 
iiil'. Fecronite. Vci^matolite. Mikroklin ( Ijr eithaupt). Valencianiic 
rei thaupt). Erythrite and Perthite of Thomson. 

Mnioclinlc.—^ome of the most frequently ocem-ring forms are sliown m figs. 471— 
6 Kutio of axes, a: b: c ^ 1*619 : 1 : 0*844 ; ooP : ooP in the orthodiagoual prin- 


Fig. 47L ^^9- ^72. 



Fig. 473. Fig. 474. Fig. 476. Fig. 476. 



sootion « 61° 11'- oP * ooP » 67® 44'. The crystals are often prij^atically 
"gnt^ in the direction of the principal aiia (Jig*. 471. 473) or 
■^nalOto. 472 ). ftequeatly tSm> they assumo 476 

the face f «P*1. ^n^rystaU are of frequent occurrence, */,f: 

' for the description of which see Ckystai.loorapiiy (p. ) r Clei^atre 

“^biuation-foce is parallel to the face of a clinodiagonal dome [21 J* t^ieavage 
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perfect parallel to oP ; loss perfect parallel to [ ooPao ]. Often massive, claivable 
granular, sometimes coarsely lamellar. 

Hardness « 6. Specific gravity = 2*4— 2*62. Lustre vitreous, somotimes indini 
to pearly on the surface of perfect cleavtige. Colour white, groy, reddi sh- white, flfy 
red, grocnish-wliite, green. Streak uncoloured. Transparent to tmns’luci 
Fracture conchoidal to uneven. 

Before the blowpipe it melts with difficulty to a semi-transparent blebby ghiKs 
the heat of the porcelain furnace, to a grepsh white frothy glass). Acconling 
Turner, many altered felspars give a slight indication of. ,^e presence of boric ucid, 
5a pot attacked by acids. 

Analyses,—!, Valentine Eos e (Scherer’s J. viii. 244).— 2. Delesse (Bull, g 
[2] X. 668). — 3. Cmelin (Pogg. Ann. Ixxxi. 313). — 4. Abich {ibid. li. 5; 
—6. Brogniart and Malaguti (Ann. Min. [4] ii. 465).— 6. Plattnor (Pogg. ^ 
xlvi. 299). — 7. Evroinoff (tfeZ. btvii. 421).— 8. T. S. Hunt (Phil. Mag. [4] 1.3: 
— 9, 10. Smith and Brush (SDL Am. J. [2] xvi. 42).— 11. Berthier(/i*ff/nwi«is/^ 
Mineralchemie, 626). — 12. Ho the (ibiam ), — 13 Abi ch (z6it/.). — 14. G. Roae(i6 
— 16. Schnabel (fA^U). 



SiO* 

Al*0» Ft'OS 

CaO* 

MgO 

K20 

Taisi 
N a^O by ijt. 

1. Common Jelxpar, JjQ\r\w\tz . 

66-7.*i 

17 60 

1-75 

1-25 

, , 

12-fiO 


muon 

3. Common ft lspar^ Chamomiix . 

cr. 48 

19-06 

trace 

0-63 

. 

10- .52 

2-30 

, , — 

3. Common Ji lspnr, tiurnish^ l.mrvig 

6.S-0<) 

19 46 

0-44 

0 28 

. . 

fi-55 

6-14 

0 12 = 

4. Adularia^ St. GotU.ird 

C.'i-6U 

17 97 

. . 

1-34 


13-99 

l-OI 

. . = 

ft. Moonstone^ Ceylon 

04* 00 

19*43 


0-42 

6-26 

14-81 


1-14 = I 

6. Vnlcncianite .... 

6 (i* 8‘2 

17-58 

0-09 


. 

14-80 

. , 

. . s. 

7. Microclin 

fi.V76 

1831 

trace 

i 26 

. 

14 (6 

, 

. . = 

8. Perthite 

60*44 

18*35 

1-00 

0*67 

0-24 

6-37 

5-.56 

0 4(1 

9. Cheaierlite • . . . . 

61-76 

17-r.o 

0-50 

0-65 

0-30 

14-18 

1-75 

0-fiT = 

10. Loxoclase 

65-40 

19 48 

1*25 

2-26 

0 20 

276 

7”23 

0-7'. = 

11. G///«.¥v/r/s;)/ir, Drachm fols 

66 60 

iH-r,o 

0-60 

1-00 


K*(M) 

4-flO 

. . 

]2. Glassy felspar, Hockcakyll, Elfel 

6.5*84 

17-61 

0-74 

0-18 

b'Oti 

14-39 

1-18 

. . =: 

13. O/assy felspar, Epomoo, Ischia 

66-73 

17-56 

0 81 

1-23 

1 20 

8-27 

4-10 

. . = 

14. Glassy felspar, Vesuvius . 

05 52 

19-15 


0*<>0 

. 

14*74 

. . = ] 

Ift. Glassy felspar, Laiigenbi*rg, Sie- 
bengebirg 

66-33 

19 02 

0-52 

0-76 

• • 

6 02 

7-32 

. .= 

The formula K^0.Al*0*,6Si0* requires 64*8 SiO®, 

18-4 APO», 

10-8 IC O 

= 100. 

Soda, as already observed, gtmerailly replaces part of the j>otaali and .sometinu s 


predominates, as in loxoclase. Lime and magnesia are almost always pro.sciit 
small amount, some glassy felspars containing as much as 2 J to 2^ per cent, of i 
Fclsj»ar also contains a small quantity of phosphoric acid, (Fownes, Auu. Cli. Ph 
lx, 190. — Sullivan, Phil. Mug. [3] xxvii. 161.) 

The different varieties of felspar aro distinguished by their colour, lustre, and ti 
parency. The common flubtriiuslucent variety, or orthoclase, is the ordinary on 
tuont of granitii : it occurs in line crystals at Baveno on the Lago Maggioro, Ijoti 
in Silc.siii, Carlsbad and Elnbogen in Bohemia, Arendal in Norway, tlie Lain.V.'^ 
the Mourne Mountains in Ireland, Alabasclika, and other places in the Unil, near 
Janeiro, at Rossie in St. Lawremee County, Now York, and other loculilies. Loso 
found at Hammond, in St. Lawrence County, N, Y., is distinguished by more dis 
cleavage parallel to the hasal and clinodiagonal sections. S|)ecitic gravity = 2’6- 
(Plattner.) Ntcroniic is a variety which gives off a fetid odour when struck.—* 
terlile is fi*om Chester County, Penn.sylvania . — Adidaria is a tr;ins}»arent or transh 
variety, found in granitic rocks. Large crystals of it are found on the St. Gothai 
Valmcianitc is a varit ty of adularia from the Valenciana mine, in Mexico. — 
from Ceylon, is also a variety of adularia, exhibiting pearly reflections whenpoUshi 
Sunstone is a similar variety, containing minute scales of oxide of iron. — Av>ih 
felspar is less pellucid, and has yellow and reddish internal reflections. — The d/a 
sonite of Levy is a flesh-red variety of felsj>ar (specific gravity « 2*6 1) occumii 
rolled pebbles at Heavitree, near Exeter. —Ama^onstmie is a verdigris-green vai 
coloured by copper, from Lake Ilmen. — Ledite or Hdleflinta, from Grypliyttu 
Sweden, has a waxy lustre, and deep flesh-red colour . — Variolitevi a dark 
containing lighter globuhir particles, from the river Hrac, in France. — The d/w 
of Breitlmupt, is a variety of felspar from Arendal j the Erypmte of Thomson 
flesh-coloured felspar, containmg 3 per cent, magnesia, found in amygdaloid, bp 
gravity =« 2*541. — Tlie Perihite of Thomson, is ^m Perth in Upper Canada. 

All the varieties of felspar above mentioned occur in rocks of the older foraat 
glassy fehpar, also called Sanidin (from <rarir, a board, the crystals being tabula 
found in trachytic and volcanic recks of recent origin ; it has a perfect vitreous n 
and is traversed Iw numerou.s cracks. A variety called Ice^spar is found in the 
■\nan lavas; the Rhyacoliic'ot G. Rose is also a glassy felspar from Y^uvius. 

According to Bischof, the mode of occurrence of felspar, and the minerals with’* 
it is associated, are, in mo.st cases, such as prove it to have been formed by 
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*** possibility of its formation by 

I«iou is established by its ^curreuce m violet-coloured crystals on the inner walls of 
^smelting furnace at Sangerbausen. {Chem. and Phys. Geology, by Gustav Bisehof. 
Eng. edit. ii. 162, et. seq,) 

jlUratms of Fel^par.-^PeU^ixr is altered by the action of water containing car- 
bouicacid (Forcharamer), or rendered acid by the decomposition of pyrites (iMitsclier- 
Jirh), or containing alkaline pd other ingredients in solution, the change consisting in 
tht* abstraction of the alkali and a portion of the silica, and I lie assumption of water. 
The ultimate products of this ^tera.tioii are hydrated silicates of aluminium, viz. kaolin 
ami its varieties, pkolerite, ktulogsitr., samoite, and bole, and the several kinds of clay. 
The following are analyses of partially decomposed felspars. 

a, Orlhoclasc from the porphyry of the Aiicrberg, near Stolberg, iji the ITarz ; 
white, rather soft (Rammefsberg, Mineralch'mie, p. 629).—^. Decomposed orthoclase 
from the granite of Karlsbad. — c. Tho same from tho syenite of Gtasing. near AKen- 
Iwrj:. in the Erzgebirg.— The same from the red porphyry of Ilimmau, in tho Tliii- 
niigfirwald (Crass o, loc. cit ,) : 


SiO* 

Al*08 

Fe'Os 

MnO 

CaO 

MgO 

K«0 

Na*0 

H’O 

CaCOS 


a. 6(5*26 

16*98 

0*31 

. 

0*43 

0 u 

14*42 

0*20 

1*29 

= 

100 

k M*17 

29*93 

1*22 

, , 

0*59 

0*46 

4*67 

0*41 

8*61 

ss 

99*06 

r. 70*79 

17*09 

116 


0-35 

0*65 

6*86 

0*38 

3*67 


99 94 

1 23*17 

7*30 

1253 

0*17 

. . 

0*61 

2*12 

0*21 

. . 

49*4*6 = 

95*67 


In a the alteration is rather mechanical than chemical. Tho deficiency in d is pro- 
klly due to loss of water in the analysis. 

Felspar is also gradually converted by loss of silica and alkali, into mica. This 
transformation, first observed by G. Rose in the felspar crystals of Lomnitz and 
Kirsohherg in 8ilesia, has lately been more exactly investigated by v. Rath (Pogg. 
Ann. xcviii. 280). In the throe following analy.scs, a is the flesh-red orthoclase in tbe 
itilcrior of the mass, of specific gravity 2*544, and yielding only traces of water wlieu 
hciilcd. The zone of weathc'rod mineral //, immediately surrounding thi.s i.s grocnish- 
vhitc, gniimlar, friable, of rough, uneven fracture, and filled throughout its mass with 
.'jpeck.s of silvery lustre; its specific gravity is 2*010. The externallaycr c consi.sfs o# 
Tim :i in greenish scales, which turn brown when heated ; their specific gravity is 2*807, 
l'\)r analysis they were separated from intermixed quartz-granules. 


SiO* 

AP03 

Fc*0> 

ChO 

MgO 

K20 

Na’-»0 

Loss by 
Ignition. 


a. 66*66 

18*86 

0*46 

0*36 

0*21 

11*12 

3*01 

0-50 

101-18 

b. 66 48 

20*34 

1*32 

0*54 

030 

9*21 

2*08 

1*34 

100-61 

c. 49-04 

29*01 

666 

0*17 

0*76 

11T9 

0*60 

4-05 = 

100-87 


The Orthochuse, in changing into mica, parts with about half its alkali and J of its 
eilica. {liammelsberg' s Mimrakheniie, p. 680.) 


Albite. Soda-felspar, Cleavelandite, PcricUn, Teiariinc. Ktesrhpaih. 
Triclinic, an ordinary combination being oo/P/ . copoo .oP.P'. (yiy. 477). 
Cleavage very perfect parallel to oP ; less di.stinct parallel to wf oo ; imperfect paralhd 
top' crystals arc frequent, generally having tho face of combination paralhd 

to oePoo (Jig. 478) see p. 266 ; indeed the tendency of this mineral to form twins is so 


Fig, 477. Fig. 478. 



» that even crystals and ciystalline fragments of apparently simple structure are 
nci^ly found to consist of a large number of lamellar twins, producing on certain 
^otuted surfaces striations which are characteristic of albite. The mineral likewise 
^^amellar and granular, sometimes almost impalpable. 

*wiaoss as fi— in some granular varieties * 7. Specific gravity « 2*69 — 2*66, 



m FELSPAtHIC HOCKS. 


Lustre, vitreous ; on the cleavage-faces, pearly. Colourless, white of various .h ^ 
light red, yeUow, green, and grey. Streak uncoloured. Transparent to subtransln 
Fracture uneven. Brittle. —Before the blowpipe, it. behaves veiy much like 
but molts somewhat more easily, and colours the flame distinctly yellow. 

Analyses,^!, G. Rose (Pogg. Ann. Ixxiii. >73).— 2. Thaulow (ibid, xlii Rtu 
— 3. Abich (Berg. u. hiittenm. Zeitung, 1842, No. 19). — 4. Stromever 

9Xichungcn^ p. 300).— 6. Abich (loc. eit), — 6. Hunt (Phil. Mag. [4] i. 3221 7 p 

mel^het ^ iMineratchemie^ ig.Q20), 


SiO* Al»oa 

1. Crystallised, Arondal 68*46 19-30 

2. „ St. Gothard 69 00 19*43 

3. „ Miosk . . 68-45 18*71 

4. Massive, Chesterfield 70-68 19*80 

6. Pantellaria . 68*23 18-30 

’• • •»“ »■■«« 

7. Hyposclerite, KTQiiAtLl 67*62 16*59 


Fe*OS CaO MgO K*0 Na»0 MnO 
0*28 0 68 . . . 9*12 . . 

. . 0*20 .... 11*47 . . 

0-27 0-60 0*18 0-66 11-24 trace 

0- 11 0*24 .... 9*06 . . 

1- 01 1-26 0*61 2*53 7*99 . . 

ign. 

0*30 2*52 0*20 0*68 7*00 0*6 

2- 30 0*85 1-46 0*51 10*24 . . 


97*84 

10010 

lOOlK) 

99-89 

99-83 


99- 80 
99*:,; 


The formula Na20.AP0\6Si0^ requires 68*7 SiO*, 19*6 APO*, 11*8 Na'-O = loo. 

Hyposclerite, which has a specific gravity of 2*6 — 2*66, and is softer than albitc. is, 
according to Rammelsberg, a mixture of albite with 6 per cent, augite. — A 
massive felspar from the St. Gothard, containing nearly etinal qiiiintiticH f)f potasli and 
soda (67*39 SiO'-*, 19-24 APO», 0*31 CaO, 0*61 MgO, 6*77 IC^O, and 623 Nii*0i, 
appears to be a mixture of albite and orthoclase. 

Albite often replaces orthoclase as a constituent of granite; in other instances it is 
associated with orthoclase, as in Pompey’s pillar, and may then be distinguished by its 
superior whitiiness. The albite granitcH are often repositories of several of the gninitfl 
minerals, e. g. tourmalin, beiyl, and allanite. Albite is associated with peurlspar in 
the Tyrol, where it occurs in largo tran.sparont crystals ; with epidote and garnet at 
Arendal ; with cudialyte and hornblende in Greenland. It is frequently one of the 
constituents of syonito and greenstone. (Dana, ii. 240.) 

Soda-felspars yield more rapidly than potash-felspars to the decomposing action of 
water containing carbonic acid ; and, accordingly, Mr. Stei-ry Hunt finds in the rriorp 
recent crystalline or metamorphic rocks of Canada “ a less development of soda-felspjir. 
while orthoclase and mica, chlorite and epidote, and silicates of alumina, liko chiasto- 
lite, kyanito, and staurotide (which contain but little or no alkali, and are ran^ in tho 
older rocks) become abundant^” He conceives the carbonate of sodium resulting from 
the decomposition of the albite and similar minerals of the older rocks, to luive reacted 
with the chloride of calcium which existed in large projwrtion in the palaeozoic ocean, 
thus giving rise to dojwsits of carbonate of calcium, and to the chloride of sodium 
which sea water now contains. (Proc. Gcol. Soc. Loud. Jan. 5, 1859.) 

Green Felspar of Bod€nmais,^’Y\\iB mineral which occurs associated with 
magnetic pyritee, quartz, &c., exhibits on the cleavage- faces the striation of the 
triclinic felspars, and has a specific gravity = 2*646 — 2*549 (Keriidt), 2*(i04 
(Potyka). Heated in splinters before the blowpipe, it melts to a blebby glass, and 
colours the flame reddish-yellow. Contains, according to Potyka (Pogg. Ann. cviii. 


Sl(>- A103 FeO CaO MgO K-O N«*0 

63*12 19*78 1*51 0*66 0*13 12-57 2 11 99*87; 

4Tr‘if\ i 

whence Rammelsberg (Mineralchemie, p. 616) deduces the formula I 

Al*0*.3SiO*— which is of the form M*0.AP0».6Si02, or M*(AP)*\SioV.3SiO*. The 
mineral is perhaps a new member of the felspar group (p. 618), intermediate in coini>o- 
sition between oligoclase and orthoclase, between which it also stands with regard to 
its density. 


VB&81FATHXC ROCKS. Felspar — chiefly orthoclaso and its varieties —enters 
into tJie composition of a great number of rocks. Granite consists of felspar (generally 
orthoclase), quartz, and mica, crystallised promiscuously together. Pigtnatitc ia 
graphic gmnite. Gneiss has the same composition as granite, but exhibits trace* 
of lamination. Mica slate is similar, but with a distinctly foliated structure. 1l(rtsiU 
is a fine-grained granite, containing pyrites, from the neighbourhood of Beresof in the 
Ural Syenite resembles granite, but contains hornblende in place of 
Protomne is a talc ^anite. 

DilUriiu is a gncTssoid rock ia the Alps, consisting of felspar and tale, GranvlUet 
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or agranular compound of felspar and quartz, sometimes with 

fforfifi:ls and Comubianite also consist of quartz and felspar. Pyroxenitt 
of felspar and lamellar pyroxene. Pyromeride is a granitoid rock, containing 
e i klv disseminated spherics of a felspathie rock, mixed with quartz. Miascite is a 
* luliir slaty rock, consisting of orthoclase, mica, and elajolite, Boinetimes with quartz, 


SiTtor»n^ lioniUende. 


Vurphyry consists of a compact folspathic base {comite or porphyrite), intermixed 
ith twtals of felspar (orthoclase, oligoclaso, or labradorite). Scui l\mi*HYiiY. 

or PhonoUte is a compact folspathic rock, of ^’cyish colour and smooth 
...tnr.', clinking under the hammer somowliat like a metallic ore. Trachyte is sintilar 
1 u X Domiie is a greyish 


>r of felspar and hornblende. When albite replaces orthoclase, the rock is called 
liusaU (i. 6181 is a similar rock, consisting of felspar (generally labradorite) 


In L'Ji'lour and constitution, but has a rough surface of fracture, 
elirthy variety from the Puy-do-Dome. 
pnmice is a porous folspathic scoria from volcanoes. 

2'riip or Gremstnne is a dark-heavy blackish-green, green, or brownish rock, con- 
(.i sting 

dh'riUL . . . . ^ , 

v ith iiugltc, olivine, magnetic iron ore, and a zeoHt<». DoU rite (p. 313), is similar to 
l>asalt, hut dot s not contain olivine, or generally zeolites. Anamvsiic. is a fine-grained 
r,.ok, similar to basalt, in wliich labradorite predominates. Wacke is an earthy 
v.irit'tv or a rock consisting of basaltic earth or sand. 

1‘, t’ronili or AdinolCf is a compact impure felspar, like the base of porphyries. 
(Mian or volcanic glass, is sometimes impure glassy felspar, sometimes a mixture of 
tVlspar mid augito, with chrysolite and much iron, &c., according to the nature of the 
lav:i from ’.vhicli it is formed. (See Obsidian.) 

J*ifi‘hstone and Pearlstone are folspathic minerals, containing excess of silica, like the 
8j>ht‘rulerf of pyromeride, iiorphyry, &c. Paid He or KrahUte (i. 622) appears to be a. 
liiliccous folspathic mineral related to these coneretions : it forms the basis of the 
trachyte, obsidian, and pitchstone of Iceland. (Dana, ii. 216.) 


rEXrasXif OZ]L Ol*. The essential riil of common fennel {Fcenicvilnm vtdgarc or 
Andhuni foiuiculum)\^ identical with oil of anise (i. 297). The oil of bitter fennel 
I? nf Phllandrium aquaticum) is a mixture of two volatile oils differing in boiling 
piiiit (i. 299). 

FERGUSOiarXTlS. A rare mineral from Kikortaursak in Qrcenhind, discovered 
ly ihirtwall (K. Vet. Acad. Forh. 1828, p. 167), further examined by Weber. It 
cry.'^talli.scs in quadratic sphenoids (p. 136) with imperfect cleavage, parallel to the 
pYrarnid of the primary form. Hardness ^ 6*6—6. Spec. grav. = 6*838 (Allan), 
5-800 (Turner). liustre, dull externally, bnlliantly vitreous and submetallic on the 
fnieturcd surface. Colour brownish -black ; in thin scales, pale liver-brown. Streak 
brown. Subtranslncent to opaque. Fracture imperfect conehoiclal. Infusible 
I'l’ore the blowpipe. With fluxes it melts Avith difiicuity, forming glasses whidi 
aj jM'ar yellow wliile hot. The glass formed with pho.sphorus-salt appears reddish in 
till* reducing flame ; wlien saturatAjd with soda it yields globules of tin. 

The mineral is a hyponiobate (originally regarded as a tantalate) of yttrium and 
c«rium, coiitiiiiiing also zirconic and stannic acids, as shown by the following 
analyses, a by IlartwalJ, h by Weber : 



Nb»0» 

SnO* 

ZrO* 

YO 

CeO 

I JO 

FeO 

a. 

47*75 

1*00 

3*02 

41-91 

4*68 

0*96 

0-31 == 99'62 

h. 

48*84 

0*35 

6*93 

38*61 

306 

0*35 

1-33 « 99*46 


Irom Weber’s analysis wo may deduce the formula M”0(ZrO*; SnO*) -h 2(M 'O, 
Nh‘0*). {Rammdsberg^s Minerakhemie, p. 401,) 

. ^fiRXIVZSWTilTXOia’ and PUTRSFilCTZOKr. (Berzelius, Berz. I ahresber. 
XX. 451. — Liebig, Handw. d. Chem. hi. 217. —-Schwann, Fogg. Ann. xli. 184. — 
IDlmholz, J. pr. Chem. xxxi. 429. — Dopping and Struve, ibid. xli. 266. — Blon- 
J. Fharm. [3] xii. 244, 333.— C. Schmidt, Ann. Ch. Plmrm. Ixi. 128 ; exxvi. 
l‘2G. — Pasteur, Vinous Fermentation, Ann. Ch. Phys. [3] Iviii. 323; Lactous Fer^ 
^irntatioTif ibid, lii. 404; Jahresber. f. Chem. 1857, p. 510 ; 1869, p. 553; Mucous 
fermentation, Soc, Chim. 1861, p. 30 ; Spontaneous Decomposition, Ann. Ch. 

[3] Ixiii. 5. — Gm. vii. 96; xv. 265.) 

l^ertain organic compounds, when exposed to the action of air, water, and a certoin 
hrnperature, undergo decomposition, consisting either in a slow combustion or oxida- 
tniii by the surrounding air, or in a new arrangement of the elements of the compound 
different proportions (often with assimilation of the elements of water), and the 
^H.‘<e(|Uent formation of new products. The former process, that of slow coml>u«tion, 
•called Ercmacausis or Decay, and hu been already considered (p. 197); tlie latter ia 
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process results in the formation of useful prodafets ; thus the decomposition of V 
body or of a quantity of blood or urine, is putrefaction ; that of grttpe-iuice or m u 
which yields alcohol, is fermentation. 


In the processes of fermentation and putrefaction, organic compounds of a hidi 
are resolved, sometimes into lower organic <*>mpound8, sometimes info inor^nr^™ 
pounds, as carbonic acid, water, ammonia, or sulphuretted hydrogen, sometimes into^ 
substances, as hydrogen and nitrogen gases. In many fermentations, none of tlip aS*. 
mentioned gases are evolved ; in fact, they go on without any evolution of eus TF 
affinities which tend towards the formation of organic compounds of a lower ord 
of inorganic products, are doubtless stronger than those by which the original siibS ' 
is held together ; and this circumstance is probably connected with the evolution^' 
heat which accompanies fermentation, and may bo partly the cause of the spoiitane 
combustion of orgjinic bodies. ^ 


h'or men ting and putrefying substances generally have a tendency to abstract oxy.rc 
from the air and other ho<lies. Hence, wdaen ftirmeubdion takes place with free jk*,- ^ 
of air, it is accompanied by eremacausis on the surfiice of the organic siibstanei'^ 
Putrefying substances reduce sulphide of iron from ferrous sulphate. The wan 
fermentation of indigo is likewise a process of tho same nature. 

The substances most disposed to putrefaction are numerous compciinds rich i 
nitrogen, viz. the albuminous or protein substances, such as albumin, tilirin, CMscii 
emulsin, legumin, gliadin, glutin, &c., and gelatinous substances, such as mcinljraiK 
consisting of gelatin and other tissues, glue, chondrin, &c. On tho other hand, tlin 
are other compounds rich in nitrogen, such as uric acid, the alkalohls, indijr’), 
which, of themselves, at least., are not capable of putrefying, and even some substauci 
belonging to the class of protein-compounds, but of a coherent nature, such us bai 
horn, and hard-boiled albumin, are susceptible only of a slow decay. The Ibruu 
compounds, on the contrary, require only the presence of water and the access of ni 
at the commencement, to bring them into a state of decomposition, wliicli, on awin 
of the offimsive odour which accompanies it, is especially denoted by tlm term j)utrcfa( 
tion. Since animals are mainly composed of these substances, they are 
liable to this putrid decomposition ; but many seeds of plants, mo.sses', &c., wliicli ar 
likewise rich in protein-compounds, are also liable to pass into tlie state of stinkin 
putrefaction. The bad sraell which accompanies piitrotaction, proceeds piirMy fint 
inorganic compounds, such as sulphuretted liydrogon and ammonia, partly froi 
newly formed volatile organic compounds, the nature of which is not exacil 
known. 


Of other organic compounds, there are but few which are brought into a state ( 
fermentation or putrefaction by conbict with air and water, so long as gelatin aa 
albuminous compounds are excluded. Urea dissolved in a very large quantity ( 
water is very slowly resolved into ammonia and carbonic acid ; dilute aqueous solution 
of many vegetable acids, and more especially of their amnioniacal salts, also of sugui 
gum, and starch, are decomposed with formation of mould. 

Hut many substances incapable of fermenting par undergo that change when i 
contact with gelatinous or albuminous compounds ; and those which are capablo c 
fermenting alone ferment more quickly, or with formation of different products, wlie 
they are brought in contact with these compounds. Many compounds, however — tliost 
• namely, which consist wholly of carbon and hydrogen — are incapable of fermeutia 
even under these circumstances. As gelatinous and albuminous compounds excit 
fermentation in other substances, they are called Ferments, and the compounds whic] 
are brought into tho fermenting state by contact with them are called Fcrmeniabi 
Substances. 

Aibuminous and gelatinous compounds sometimes excite fermentation in other snh 
stances, eveu when they arc in the fresh state, as they exist in plants and animals 
sometimes, on the contrary, they must be exposed to the air, so as to bring them int 
a state of incipient putrefaction, before they will act as ferments upon other lx)dies 

and, in this case, it is often found that they will bring another substance into differen 

states of fermentation, according to the particular stage of decomposition which the; 
have themselves attained. 

The aqueous solution of salioin or amygdalin would probably remain unaltewdfor i 
long time, if left to itself ; hut the emulsion of almonds {Spnaptase^ added in its unal 
tor^ state, just as it exists in recently prepared sweet ahnond-milk, decompose 
salicin into ^ucose and saligenin, and amygdalin into glucose, bitter-almond oil, Bn< 
hydr^anic acid. — lu black mustard, tho addition of water induces the formation o 
volatile oil of mustard, in consequence of the aetion of the emulsin-like substance OOD 
tained in it on the myronic acid which it also contains^ 
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Fixed oils ftpp®®r to pass into a state of rancid putrefaction only when an albuminous 

i^rnDOimd is mixed with them. , , , 

St^b boiled to af'paste with water, and then left to itself in a close vessel for some 
(Seksi is great converted into glucose, with evolution of carbonic anhydride 
^nd hydrogeii ; but in contact with gluten at 60® C. the starch of the paste is converted 
into glucose in eight hours ; lastly, if the gluten has previously passed into that 
Lculi^ condition m which it exists as germinated gluten or diastase in malt, it effects 
{2s conversion of the starch at 60® C. in loss than an hour. 

A dilute aqueous solution of glucose or cane>sugar, which remains unaltered when 
nlone, or only forms a little mould and mucus after a long time, may bo brouglit, 
according to the nature of the ferment and its stage of decomposition, and according 
to the temperature and dilution of the solution, into three different states of ferment- 
ation ; whereby it is converted either into lactic and then into butyric acid {Lactoxis 
and Bntyrous l!'erni€ntation),-^v into a mucous substance allied to gum, and generally 
at the same time into mannito {Mucous FiTmentation ), — or resolved into carbonic 
anhydride and alcohol, together with small quantities of succinic acid and glycerin. 
( Vinous Fermentation.) 

The putrefaction of albuminous and gelatinous substances is prevented by a variety 
of circumstances, which likewise internipt its further progress wlien it has already 
l«van. The same circumstances likewise prevent or interrupt the fermentation of any 
f.TJiipntable materials tliat may be mixed with the ferment. Among these circum- 
stances are the following ; 

1. Rrehmon of the air . — Keeping the substances in a vacuum, in water free from 
nir, in hydrogen, nitrogen, carbonic anhydride, and other gases which cannot furnish 
oxyf(('n to the nitrogenous substances, or covering them with oil, butter, tallow, wax, or 
rt'sin. Wood imitiersed in the depths of lakes and peat-mosses, where no oxygen 
5 il)snrht*d from the air can reach it, because it is intercepted on the way by orgjinic 
sul)st«nc«\s diffused through the water, remains unaltered for thousands of years. — 
This exclusion of air may prevent incipient putrefaction, but does not usually interrupt 
the progress of that which has already begun. According to Bchwaiin and others 
(p, G2()'), exclusion of air acts, not by intercepting oxygen, but by preventing the ud- 
mis‘iiou of the germs of microscopic plants and animals diffused through the air. 

2. Dryness . — Perfect dryness prevents evety kind of fermentation or putrefaction, 
ami seldom allows even of slpw combustion: e.g. the preservation of wood for thn‘o 
timusaiid years in Egyptiiin tombs, where it has been exposed only to the action of 
toleraltly dry air. 

3. Freezing temperature . — Water in the solid state is quite inactive, and does not 
allow fermentation or putrefaction to go on ; but even at a few degrees above 0® C., 
cortidn kinds of fermentation do not take place, and others are very slowly produced. 
All kinds of fermentation and putrefaction appear to take place most readily Ixdweeu 
2i)^ ami 40® C. — Mammotlis have remained undocomposed for thousands of ye ai*8 in 
tije ice of Siberia. 

4. BoiVtng heat prevents incipient fermentation, and completely stops that which has 
already begun, citlier because all ferments are altered by it, in a similar manner to 
iilbuinin, which, when boiled hard, is scarcely susceptible of putrefaction ; or Ix^cause 
it kills the microscopic plants and animals and their germs; or from both causes 
together. Fermentation prevented or interrupted by a boiling lieat, docs not recom- 
niciuje after cooling, if the air be perfectly excluded, because cither oxygen or living 

are retjuired to produce new ferment. 

On this principle is founded Appert’s process, by which easily docomposible articles 
ftxki and drink, such as meat, fish, vegetables, milk, &c., may be preserved for 
}>ars.— viz. by packing them in air-tight bottles or soldered tin-cases, heating the 
vessels for^ sevei^ hours in boiling water and keeping them carefully closed. To 
^‘itpliiin this action, we may either suppose, with Liebig, that the small quantity^ of 
oxygen eontaincMl in the enclosed air is taken up by the organic matter, without being 
•ihle to produce ferment at that temperature, or, with Schwann, that the microscopic 
organisms are killed by the heat. 

If the air be admitted, the boiled substance passes again, after a while, into the 
state. — If, however, grape-juice, milk, meat, &c., be exposed once a day to 
5 heat, without being protected from the air, and the smaU quantity of repro- 

oopQ ferment thereby rendered inactive, before it has time to act upon the rest of the 
fermentation may be prevented for any length of time. ^ 

0. ^ntlputrcscent or Antiseptic Suftstances . — ^By the addition of various substances, 
o*F/*^nic and inoi^nic, fermentable bodies are deprived of their tendency to fermen- 
a ion, and fermentation already commenced is interrupted. 

Jnese anti putrescent bodies probably act in various ways; 

^ 1 ney al^traot water from the fermentable substance. 

Voi.. II. 8 S 
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6. They form with it a compound less liable to ^ 

c. Th^ decompose the ferment in sucih a mann^ as to de^ve it # iti teiiden<!v« 
formentation. 

d. They take from the surrounding air, and dso from tUtl foment already oxidise 

by it, the oxygen required for fermentation. j m 

e. They probably kill the fungi and infusoria and their germs. 

The action mentioned in a is probably exerted by powdered sugar in contact wit] 
neat^ and fresh cut-up vegetables ; the solution of^ su^ar thereby formed is too stroik 
to ferment — a and b together : The stronger mineral acids, such as sulphuric acid, alum 
ferric sulphate, mercuric chloride, and other salts of heavy metals ; also tnnniu am 
creosote.— -c. Chlorine, pernitric oxide, and chromate of ].x)tassiuin. — d. Probably sul 
phurous acid- — e, Arseuioua acid, mercuric chloride, and several other of the substanoo 
above mentioned. Araenious acid and mercuric chloride kill fungi and infusoria • nu 
vomica only the latter. 

Theories of Fermentation, — Respecting the exciting cause of fermentation am 
putrefaction two opposite views are entertained ; the one attributing these cban|;p 
entirely to the action of chemical and physical forces, the other 8np|x)siiig tliat tlic' 
cannot take place without the intervention of living organisms, viz. fungi ani 
infusoria. 

In inquiring into the exciting cause of these phenomena, there are two essentia 
conditions to be taken into account. 

1. The 'presence of a nitrogenous hodt /. — It is only nitrogenous compounds, such a 
albumin, gelatin, &c., that are sulyect to spontaneous ferniontation or putrefaction 
Organic compounds containing only carbon, hydrogen, and oxygen, do not fernien 
except when in contact with nitrogenous bodies. 

2. Contact with the air. — This condition is necessary for the commencomont of tin 
process, but not for its continuance. A body once brought into a state of fernieutatioi 
or putrefaction by contact with the air, contimios to ferment or putrefy when after 
wards excluded from the air, provided there is a sufficient amount of nitrogt'uoui 
matter present. The juice of the grape docs not ferment while enclosed in the souiu 
skin of the fruit ; but the slightest puncture which admits the air, causes fcrnieiitaiioi 
to begin, and the process will then go on even in a vessel filled with carbonic anhy 
dride or hydrogen, and hormetic^illy sealed. 

From these circumstances, Berzelius and Liebig conclude that the e.xciting caBs< 
of fermentation and putrefaction is to be found in the o.xygcn of the air. The nifro 
genous matter, by contact with atmospheric oxygen, undergoes a change of compi 
eition, by which the equilibrium of the attractive forces, which hold its partiolo* 
together is disturbed, and new compounds are formed ; tliis alteration of arrangomcn 
in the atoms of.tlie elements, produces a motion in the compound molecMile of tin 
nitrogenous body, which motion is transferred from one moltjcule to tlie next ; and ii 
this manner the decomposition is propagated throughout the whole of the nitroceiiou! 
body. — Further, when a nitrogenous substance in this state of de(‘oin|)osition comps ii 
contiict with another substance, such as sugar, which would not ferment hy itself, tli( 
movement by w'hich the elementary atoms of the former are affected, is also trans 
ferred to the contiguous atoms of the latter, causing the elementary atoms in its com 
pound molecules to enter into new combinations ; and in this manner, the latte] 
substance ia made to resolve itself into new products. (Liebig.) 

It appears, however, from the observations of many experimenters, and especialb 
from the recent elaborate researches of Pasteur, that fermentation is never exciter 
except under the influence of microscopic organisms, and moreover that each particula 
organism sets up a peculiar species of fermentation. 

According to Schwann, the air contains the germs of microscopic plants and animals 
and when those germs find a fitting soil, such as is offered by various nitrogenou 
bodies, they develop themselves therein, producing fungi and infusoria, which then, n 
a manner not yet explained, induce the fermentation of sugar, &c. 

It appears also from the experiments of Schwann and ofHelmholz, that airwhicl 
has b» 0 n passed through a red-hot tube, and thereby freed from the germs of 
oiganisms, cannot induce fermentation or putrefaction in nitrogenous bodies, and, con 
sequently, that oxygen alone is not sufficient to bring nitrogenous matter into the con 
dition of a ferment. 

Blondeau also finds that fermentation in all its forms depends on the developmen 
of fungi. Alcoholic fermentation is excited by one particular fungus ( Torvula cere 
visia) ; lactous fermentation by another {PmiciUium glaucum). The latter 
tation takes place after the former, when a mixture of 30 gramraea of sugar and b 
^rms. yeast, with 200 cub. cent, water at the temperature of about 25® C., w * 
itself for some time, after tlie termination of the vinous fermentation (trhidi ia ^ 
pleted in about two days). Beer-yeast mixed with a little water and left to xteelf » 
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dark, waft.f9tl1idl.to contain germs of TormHa cerevisia and Penicillium 

; wheSf^^the liquid' waft Altered, the former of these remained on the Alter and 
f u^ht a solution of'ft^lgar into the state of vinous fermentation ; but the latter being 
'xtremely small, ran tfif^gh the Alter, and the Altrate brought sugar-water into the 
rtHte of lactous fermentation. Acetous fermentation depends on the development of 
Torvula acfti. The conversion of nitrogenous substances into fat (e*. r/. of casein in 
the preparation of Roquefort chee^ and of Abrin under similar circumstances), which 
Blondeau distinguishes by the term fatty or adipic Fernientation {fennjentation 
adipeuse), is produced by Penicillium glaucum or Torvxd^a viridis ; and in butyrous 
formenwrion and urinous fermentation (the conversion of urea into carbonate of 
ammonia), the action depends on the development of Penicillium glaucum, (B lo nd eau.) 

Against tills view Liebig raises the following objections : 

2{^.(.r-yeast, which is Bupj^sed by Schwann, Turpin, and others, to consist of fungi, 
does not possess the composition of true fungi, but of gluten. It lius never yet been 
BW'cifted in what manner these microscopic organisms offect the decomposition ot 
fermentable substances. Arc the products of fermentation and putrefaction the oxcre- 
meiits of these living beings, to which the fermentable substance serves as food ? Or 
do these organisms transform the original fermentable substance into new compounds 
(products of fermentation) by an external exertion of their vital force ? — If vinous fer- 
mentation were a conse<iuonco of the more perfect development of fungi — as we might, 
perhaps, suppose to be the case in the fermentation of beer and w'ine — boor-yeast 
ouizht not to bring sugar- water into a state of fermentation, inasmuch tvs the sugar- water 
coiitaiiis no nitrogenous matter which can ftorx'e as food to the fungi composing the 
yciisf, but on the contrary these fungi disappear during the fermentation. — iSugnr-water 
Is likowiH(» brought into the state of vinous fermentation by contact with cheese or 
almond-nulk, though in this case no fungoid bodies are developed like those of the 
vinous ferment, as in the preparation of beer, or the fermentation of grape-juice. — In 
thousands of cases, no infusoria can be detected in putrefying cheese, blood, urine, or 
bile, or they do not make their appearance till the putrefaction has gone on for some 
time : licnce they cannot be the cause of the putrefaction, but are merely develojped 
from genus existing in the air, because these germs And nourishment in the putrefying 
t^iihsliince. It is true that they then accelerate the decomposition, bec:iuse they feed 
upon the organic matter, and convert it by their vittil action into carbonic acid, &c. 
WliPii they have thus consumed all the nutriment, they die, and serve as food for 
infusoria of other species. All this may take place when the air has access to the 
putn'fying substance, but bodies which putrefy out of contact of air, cowdung for 
example, never exhibit infusoria, which, in fact, would be killed by the sulphuretted 
hydrogen evolved (Liebig). Liebig also {Handwbrtcrhuch der iii. 

217), that in the fermentation of milk, when that liquid is left to itself for a while in 
vessels containing air and bound over with blotting paper, till fermentation and for- 
mation of laetic acid are completely established, not a trace of vegetable growth can be 
detected. He moreover observes that in the study of fermentation, attention has been 
too exclusivtdy directed to the vinous fermentation, and conclusions of too great gene- 
rality have been drawn from the phenomena observed in that particular process, 
whereas, the explanation of vinous fermentation ought rather to be deduced from the 
•tudy of fermentation in the more general sense. 

C. Schmidt (Ann. Pharm. Ixi. 168), is also of opinion that/?m^t are not the prime 
niovers either in urinous (p. 634) or in vinous fermentation. He Ands that the clear 
filtrate obtained by throwing almonds beaten up with water on a wetted filter, soon 
brings urea and grape-sugar into the fermenting state ; and in the latter case, the fer- 
mentation may bo in full play, although no trace of ycjist-cells is discernible by the 
microscope, these cells not appearing till afterwards. If the saccharine liquid bo left 
to itself for a week or a fortnight after the completion of the fermenting process, the 
groups of cells continue to grow in it, though no putrefaction takes places the fungi, 
if washed and then introduced into a fresh solution of ^ape-sugar, grow in it vigor- 
^^sly, but excite only feeble and transient fermentation, if any : hence it appears that 
the growth of these plants is but a secondary phenomenon in fermentation. 

R. Wagner, however (J. pr. Chem. xlv. 241), observed the simultaneous occuiv 
^noe of fermentation and formation of yeast-cells under the conditions described by 
^‘hmidt. 

On the whole, the question as to the exciting cause of fermentation and putrefaction, 
^aunot be considered as quite decided ; the balance of evidence appears, however, to 
^ iu favour of the view which regards the action of living organisuM as essential 
® ^^nmiencemeut of these processes, as will appear from the details given in tlie 
allowing articles relating to vinous, lactous, and mucous fermentation ; but it mast 
•tiU he admitted that wo know notliing whatever of the mode of action of thooo 
®*8»ni8in8. 


r i 2 



628 FERMENTATION, ALCOHOLIC OR VINOU^ 

VBMKlUrTATXOll', ACBTOVS.. The conversion of alcohol into acetic .4 
by atmospheric oxidation, is rather a case of eremacansis than of fifermentation 
may take place under the influence of platinum-black, and other finely divided’ \ 
stances, which facilitate the transfer of oxygen ; but as it is greatly *^ccderated i 
the presence of nitrogenous matter, and, according to Mulder, of a peculiar fuu ^ 
plant, the Mycodemw, Vint, it is usually called Acetous Fermentation (i. 8). 

Under this head may also be mentioned the conversion of citric and tartaric ac’d 
into acetic acid and some of its homologues, in contact with yeast or putrcfnnjy ciI i 
and a base, and even by mere exposure to the air (i. 996). Pasteur (Conipt. ^rend 

Ivi. 416; Rdp. Chim. pure, 1863, p. 221) has lately shown that tartrate of calciun 

mixed with a few tbousandtli parts of phosphate of ammonium Jind fixed alkaline or 
earthy phosphates, — when immersed in thoroughly de-aerated water and rigidly 
served from contact with the air, may be thrown into a state of active fermentation 1 * 
the introduction of a very small quantity of the infusoria produced by the 8iX)ntanoi)us 
fermentation of tartrate of calcium in contact with the air. The infusoria multinlv 
rapidly at the expense of the tartrate which in a few days disappears entirely. ^ ' 

rBBMSN-TATZOB, AZ.COHOZ.XC or VZMOVS. The clear juice of sar. 
chariferous plants containing glucose, left to itself in contact with tin* iiir\it 

temperatures between 20 and 24° C., becomes turbid aftiT a few lioiirs, gives ojf 
carbonic anhydride, becomes warmer than the surrounding air, and r(‘rn;iiiifj in u 
state of transformation from 48 hours to several weeks, at;cording to tlie teniper ;- 
ture, the amount of sugar present, and the nature of the nitrogenous iiiniters, till, in 
fact, the whole of the sugar is decomposed. As soon as the evolution of eurlKmic uciil 
is terminated, a suhstaiice previously suspended in it, the ferment or yeast {'/orci>!,i 
cerevisia\ separates, partly caiTied upwards by adhering gas-bubbles, partly <lo\vn\vari]s, 
leaving the liquid clear, which then, in place of the sugar, eon tains alcohol, frly- 
cerin, and succinic acid. The yeast formed in this process, if introduced at nl.ioiit 
tho same temperature into a moderately dilute solution of purp sugar, induces therein 
also the decomposition of tho sugar into the same products. 

The formation of these products is rcprescnt<‘d by the following equations : 

- 2C*H®0 + 2CO^ 

Glucose. Alcohol. 

and 49C«H'*0« + 30IUO = 12C»HW + 72C*H‘'0* + 30C(X (Pasteur.) 

lly far the greater part of the sugar is resolved into alcolu)! Jind carbonic anh)\lri*le, 
only about 4 or 6 per cent, being converted into succinic acid and glycerin. Tlie 
formation of succinic acid in vinous fermentation was fii-st observed by C\ SehmiiU, in 
1847, and was communicated by him in a letter to Li ebig (Handw. d. Chem. iii. 2’Jt). 
The formation of glycerin in this process w'us discovered by Pasteur. 

Amylic alcohol is also frequently produced in the fermentation of sugar, andundi-r 
certain circumstances trity lie, tetrylic, and according to Fagot (?) hoxylic alcohol. 
(See Alcohols, i. 98.) 

Cane-sugar, does not undergo Vinous fermentation, till under the influern’e 

of a peculiar substance in the yeast, or of a substance contained in the kernel of fruit?, 
it has been converted, with assumption of 1 at. Ii*0, into glucose, (see Siqau). 

Milk-sugar is also converted into alcohol under tho influence of putrid ca‘<ein or 
glutin, aud, under certain circumstances, of yeast, tlie formation of the alcohol being 
preceded, according to some observers, by tho conversion of the milk-sugar into 
glucose. (See Milk-sugar.) 

iSolutions of sugar containing glutin altered by the process of germination or of 
mashing, undergo on standing an irregular fermentation, which however may ho 
reiulered regular by the introduction of a small quantity of yeast Such is the case in 
the fermentation of beer-worts (Ure, J. pr. Chem, xix. 183). When albuminous 
substances, glutin, casein, or substances of like nature, are introduced into sugar-solu- 
tions, and the liquids are exposed for some time to the air, sometimes vinous fermenta- 
tion takes place, sometimes another kind of decomposition. 

A sugar-solution mixed with yeast ferments immediately, but the juice of graph's 
and other fruits requires access of air to bring it into the fermenting state. 

Air previously heated to redness cannot induce fermentation in a solution of sugar, 
which nos been mixed with yeast and then boiled, because, for the commencement of 
the process, either unboiled organic matter or unignited air which can supply 
the vegetable germs is necessary (Schwann, Pogg. Ann. xli. 187; Ure, J. pr.Chero. 
xix. 187). Wine-must, boiled and enclosed in a bladder, does not ferment even it 
suspended in fermenting must. It appears, indeed, that the access of a solid body t^tu 
the air is essential to vinous fermentation, so that oxygen gas evolved from water ^ 
^ectrolysis is incapable of bringing boiled grape-juice into tho fermenting s***® 
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melmliolz, J. pr. Cliem. xxxi. 434). The ferment of tho air may likewise be re* 
J j j \yy filtration through cotton ; consequently sweet midt-wort in contact with 
fi1torcanir(loesnotfermentevenforweeks.4SchrbderandDuBch, Ann. Ch. Pharm, 

gra^-jnice which has nerer come in contact with atmospheric air, suffers no 

Ut-ration for years when kept over mercury at a tempemture between 26^ and 28° C. 
li oxygen gas previously heated to redness, or filtered through cotton be brought in 
contact with it, the juice after some hours becomes darker, absorbs the oxygen and 
jrives off carbonic anhydride, but no fennentation takes place even after a longtime. 

( ojnaion air, inasmuch as it contains bodies capable of forming yeast-cells, or the 
yi ij-t'Ct^lls themselves (even such as have never been in contact m ith tho air), can set 
in vinous fennentation, the continuation of which is promoted entirely by tlie growth 
oi* the yeast cells. fVan den Broek, Ann. Ch. Pharm. cxv. 75.) 

The fungi diffiiseu over tlio surfiico of fruits, leaves, and fruit- stalks, likewise induce 
f. rmentation in saccharine liquids. If to a fermentable fruit-juice mixed with sugar, 
there be added 2 measures of water, tlio wliole violently and continuously shaken, and 
the liquid which has become specifically lighter, set aside, the cells of the fungi rise to 
tho Mirlaoe, and there give rise to formation of mould, but no fermentation takes place 
virhin the liquid. (It. Hoffmann, Ann. Ch. Pharm. cxv. 228.) 

if the motes floating in the air are collected in cotton or asbestos contained in a 
tul o through which the air is drawn, and introduced into sngar-soliitions which have 
hi'cn well boiled and cooled again, and are mixed with the mineral and albuminoidal 
oonstituonts of yeast, they develop into infusoria lAwH miict d invcPy even if only ignited 
iiir has access to the liquid. Sugar-solutions mixed with the same yeast-constituents, 
hut not coutaining this dust, undergo no alteration between 28° and 30° C., not even 
wlu'H cotton or asbestos alone is introduced into them. The tamo liquid remains 
iiiiultfTcd if boiled in a glass flask, the neck of which is bent so that no dust can fall 
into it, the flask being afterwards left unclosed. (Pasteur, Coinpt. rend. 1. 303). 

The better a saccharine liquid is adapted for the nutrition of yoast-cells, tho moro 
r:isily will they be developed (from the above-mentioned bodies in the atmosphere), 
wlicn air has access to the liquid. Thus, vinous fermentation is almost ahvays set up 
\v!icn the clear ftltered wash-water or the decoclion of yeast (which contains the sohihlo 
nhu'nd and albuminoidal constituents of that substance) is mixed with sugar-solution 
:in<t left to itself (as observed long ago by Colin); it is frequently also accompanied by 

l. ii'lous fermentation ; but the latter very seldom takes place alone, unless the wash- 
wafer of pre viously altered yeast has been used. (Pasteur.) 

'I hc! vinous fi'rniontation of sugar is likewise induced by the peculiar ferment of 

m. iiMcr (Scliunck’s crythrosym) in contact wnth air, especially if this substance is in 
M of decomposition. A mixture of carbonic anhydride and hydrogen is evolved, 
iiii'l tile liquid after 11 days contains alcohol, acetic acid (perlu\f>s also formic acid), a 
^ri:tll quantity of succinic acid, and a sw'cct brown nncrysfallisable body, probably 
^Myccrin, Imt no lactic acid. 3'lie same effect is likewise produced by the brown pre- 
cipitate formed by adding a small (jnantity of hydrochloric acid to an aqueous infusion 
of iiuidder after it has been rendered alkaline by lime-water. (Schunck, J. pr. Ohem, 
Ixiii. 222.) 

least consists of very small microscopic round or egg-shaped balls (L e u wc n h o oc k, 
Piigniard de Latoiir), of mm. diameter (Blondeau). These balls arc vege- 
tjilile cells (Cagniard de Baton r), with clastic w'alls, filled with a liquid, and a 
H"tt. horny mass, which latter is at first attached to tho walls, but extends to tho 
raitidle as the cell grows. Young cells are transparent, and almost dr.stitnto of 
granular contents (Mitscherlich, Pasteur). These cfdls multiply by gemination 
(Pttgaiard do Latour, Mitscherlich) ; the newly-formed cells do not separate 
from tile central cell till they have attained to nearly the same size (Past e nr). They 
always remain isolated, and never form ramifications or elongated cells, like those of 
lartous ferment. (Blondeau.) 

According to Cagniard de Latour, Turpin, and Mitscherlich, yeast-cells also increase 
by bursting and diffusing their granular contents through the liquifl, the granules 
tbeii developing into cells. Schlossbeiger and Pasteur did not obsen'o this mode of 
^rmation, which is likewise inconsistent with the uniform size of the free yeast cells. 
Yeast contains cellulose, fat, nitrogenous and mineral substances. See analyses of 
yeast by Payen {Mim, des Savants Hrangers, ix. 32): Dumas {TraiU de Chimic)*, 
Jlitficherlich {Lehrh. 4 Aufl. 370); Shlossberger (Ann. Ch. Pharm. In 193). 

The yeast deposited in the vinous fermentation of beer, of diabetic unne, of grape- 
jaice, or other natural fruit juices, is invariably of the same composition (Quevenne, 
”• Pharm. xxiv. 266). In commercial beer-yeast, the cells of Tormila cerevisice and of 
glaucu 7 n mny he distinguished by the aid of tho microscope. Those two 
fungi luay be separated one from the* other, by washing anti hltmtion, the larger cells 
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of the Tormda remaining on the filter (and exciting vinous fermentation when i f 
duced into sugar solutions), while the smaller cells of the ^micUXivm pass throufth 
filter, and consequently the filtrate excites lactic acid fermentation in sugar-soluti 
(Blondeau.) 

On the distinction between top- and bottom-yeast, see the article Bsbr (i. 529 \ 
also Mitscherlich (Pogg. Ann. lix. 94), R. Wagner (J. pr. Chem. xlv. 241)* ’ 
beer-yeast in general, Colin (Ann. Ch. Phys. xxx. 42). , 

Fermentation takes place only when the solution is sufficiently diluted with water 
with less than 4 pts. water to 1 pt. sugar, it takes place but imperfectly or not at all! 
partly, perhaps, because the resulting alcohol precipitates the nitrogenous substancfs 
destroys the fermontative power of the yeast, or renders the liquid unfit for its further 
development. If, on the other hand, the liquid is too dilute, the fermentation is slow 
irregular, and easily pusses into acetous fermentation. Moreover, it is necessary that 
the yeast be in direct contact with the sugar-solution : a solution of sugar containe<l in 
a bladder susp<mdod within a fermenting liquid, docs not ferment, but merely takes up 
a little alcohol by diffusion (Helmholz). When a tube plumed with filtering paper 
and containing yeast is introduced into a sugar solution, this solution passes through 
the paper, and ferments within the tube, but not outside (Mitscherlich, Ann. Chim. 
Phys. [3] vii. 7, 30). When a solution of sugar contained in a test-tube is separatei 
into two parts by a cotton plug, and yeast is introduced into the uj)per part, this part 
ferments, but not the lower. (II. Hoffmann, Ann. Cli. Pharm. cxr. 228.) 

An increase of yeast takes place in fermentation, when the liquid, in addition to 
sugar contains a nitrogenous substance. Wlien, on the contrary, yeast is left in con- 
tact with a pure solution of sugar, it diminishes both in weight and in fermenting power 
and, in the end, becomes totally inactive. (Payen, Quevenne.) 

In the fermentation of pure sugar solutions, the yeast first increases in wciglit and 
then diminishes ; because it first assimilates the constituents of sugar, and gives them 
up again as the fermentation progresses. (Quevenne, J. Pharm. xxvii. 593.) 

Yeast may grow and increase in sugar solutions, if they are mixed with aminoniac;d 
■alts, yeast-ash, and a trace of yeast, fermentation then also ensuing. 

Yeast grows and multiplies in pure sugar solutions, as well as in such as have been mixel 
with albuminous substances. In the former case, all the yeast cells are found at th^ 
end of the fermentation to be deprived of their soluble nitrogenous constituents, whidi 
have been used for the formation of new yeast cells; in the second case there are found, 
together with the exhausted colls, a largo number of newly-formed cells filled witii 
fioluble mineral and allmminoidal substances. (Pasteur.) 

Sugar solutions containing a sufficient quantity of yeast ferment completely in two 
or three weeks, unless lactous fermentation takes place. But an extremely pn)trdctt‘d 
fermentation ensues when yeast is mixed with excess of sugar. In tliis case the yeast 
lives at the expense of the soluble nitrogenous substances, and after these are used up, 
the younger cells continue to grow at the expense of the older. (Pasteur.) 

During fermentation, part of the yeast is resolved into soluble products (Th^nard). 
The yeast recovered from pure sugar solutions after fermentation is less rich in nitro- 
gen than the original yeast, partly because its weight has been increased by the addi- 
tion of non-azotised matter from the sugar, partly because a portion of its own nitro- 
genous substance has passed into the solution. On the other hand, it contains more 
cellulose and fat than before fermentation, which substances have therefore been formed 
from the sugar. The yeast formed in sugar solutions mixed with ammonia-salts, yeast- 
ash, and traces of yeast-cells, contains fat. (Pasteur.) 

The nitrogen of yeast is not converted into ammonia during fermentation ; on 
the contrary, any ammonia that may be added disappears wholly or partially. 
(Pasteur.) 

When sugar solutions are fermented with a very large excess of yeast, the formation 
of alcohol and carbonic acid goes on, even after all the sugar is decomposed, at the 
expense of the non-azotised matter of the yeast, so that the amount of these two pro- 
ducts obtained is more than equivalent to that of the sugar. 

Yeast loses a considerable portion of its fermenting power by pressuw, and still 
more bjjr washing with water. After thorough drying, its power of exciting ferme^ 
tation IS, for the most part, destroyed : this statement is opposed to that of Cagniara 
de Latour. It likewise becomes inactive when heated, either alone or with waten 
Dried yeast excites fermentation even after cooling by solid carbonic acid (Cagniara 
d e D atour). Yeast crushed on the grindstone no longer excites fermentation 
(Ludersdorff, Pogg. Ixvii. 409), or only after a considerable time (^Wagner); 
It then excites lactous fermentation (C. Schmidt). Yeast altered by too 1^ 
continued putrefaction is inactive ; but if the putrefkction has been less prolonged 
it may be checked and converted info fermentation by addition of sugar (Schlos*- 
berg or, Ann. Ch. Pharm. li. 211). The fermentative power of yeast is destroyed by 
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.11 mbstance* which oxert » poisonous action on fiinai, but not by such as kill animals 
fiehwsnn, Mitseherlioh, J. Phann. [3] iv. 218). Yeast sprinkled with alcohol 
losrtJ its fermentetive power, which la not tranaferrod to the alcohol 
The action of yoast on sugar is prevented by t-oo great concentration of tlie solution, 
whether due to alkaline chloride^*, gelatin, glycerin, or sugar (Bert helot, Ann. Chim. 
rhvs [3] strong mineral acids, added even in small quantity prevent the fc r- 

mentiition, phosphoric acid alone acting favourably. (W agner, J. pr. Cliem.xlv. 241.) 

y ATloy f AMVOSAXtOUSa The conversion of amygdalin into 
bitter abnond oil, liydrocyanic acid, and glucose, under tho influence of omulsin or 
y^naptase (i. 201). 

BUTPTHOns. See Fermentation, Lactous. 

rSBMBWTATIOlTf OiELXiXiOirS or T AKTKT OITS. A solution of tannic acid 
exposed to the air, gives off carbonic anhydride, and is converted into gallic acid : 

+ 0‘* « 3C^n«0» + 6CO^ + 2H*0. 

Tannic acid. Gallic acid. 

According to Stas (Ann. Ch. Pharm. xxx. 205) and Strecker (ibid, xc. 328), 
glucose is formed at the same time : 

+ 8IFO = 

With pure tannic acid the action is extremely slow, but in infusion of galls, wliich 
contains the nitrogenous matter of the gall-mita, it takes place quickly ; still more ho in 
gall-nuts merely moistened with water. The change may be regarded as a ft;rmen- 
tution process, inasmuch as it is stopped or retarded by antiseptic sulhstanccs, such as 
alcohol, wood-vinegar, creosote, and corrosive sublimate. According to llobifjuel, tho 
iVrnientation is excited by the pectase of tlie gall-nuts, which at the same time con- 
verts the pretose contained in them into pectin. 

FfiRMBIffTiLTXOKr, X^A-CTOVS. Wlien a solution of glucose, cane-sugar, or 
niilk-f<ugar is mixed with fresh sour cheese, or with milk and chalk, and the mixture is 
px[)osi'd to the sun, or to a temperature of 25® to 30® C. for some weeks, with 
frpquont stirring and renewal of the water as it evaporates, the sugar is converted into 
lactic acid, and ultimately, with evolution of hydrogen and carbonic anhydride into 
1 utyric acid, the acid uniting with the lime. As lactate of calcium is much Jess soluble 
tliim tho butyrate, the conversion of the fonner into the latter may be recognised, when 
strong solutions of sugar are used, by the dimimltion of tiie crystalline mass produced 
at llrsl. 

.Since glucose and milk-sugar contain and cane-sugar differs from them by 

enly 1 at. water, tlie conversion of these sugars into lactic acid or C^H^O®), 

ooMsisfH merely in the splitting up of a molecule so constituted into two or more, and a 
new jnxtajMJsition of the elementary atoms. The formation of butyric from lactic acid 
i« represented by the equation : 

2C®H''0» « CWO* -t 2CO* + 2iri 

Lactic Acid. Butyric Acid. 

In the preparation of lactic acid (as above), the precijiitato formed on the bottom 
Rnd sides of tlie vessel from the chalk and the products of decomposition of the 
cIiecHP or milk is found, at tho end of the fermentation, to be covered with a small 
quantity of a grey substance, the lactous ferment. When this substance is intro- 
dufrd into a cooled and cle4ir-filtered decoction of beer-yeast, together with from 16 
fo 20 pta. of w'ater, chalk, and a quantity of sugar equal to from to i of llie liquid, 
ftud this liquid is kept at a temperature of 30® to 35® C. for some days, a ?>riHk evolu- 
tion of carbonic anhydride and hydrogen takes place, tho liquid becomes turbid and 
deposits a precipitate, and the chalk dissolves in the form of lactate of calcium. The 
new f and already purer) lactous ferment separated at this stage of the procc'Hs, if intro- 
dticea, together with chalk, into sugar-water, produces within an hour, an incipient evolu- 
tion of gas and conversion of the sugar into lactate of calcium. (Pasteur, Ann. Ch. 

[3) lu. 404.) - . 

This ferment, which appears to be necessary to lactous, as yeast is to vinous fermen- 
tation, is the Pmicillium glaucum, 

When lactous fermentation is set up in suitable sugar-solutions merely left tx) them- 
^IvcR, it is because certain bodies present in the air develop in the liqui^ into cells of 
litetous ferment, wliich then set up the fermentation. If, therefore, the air is excluded, 
or only heated air has access to the liquid, no lactous fermentation will take plaqe, 
'Unless lactous ferment is added. (Pasteur.) ^ i i 

Lactous ferment, viewed in tho mass, resembles beer-ycast ; it is grey, slightly glu- 
tinous, and appears under the mi«'o8cope to consist of veiy small spherules of 3^,,, mni. 
diameter; some isolated, others united in groups, and possessing molecular motion 
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(Pasteur). The celk of PenicUlium glaucum hare at most a diameter of -1 n,7n 
they increase it first, like the cells of yeast, by formation of new round cells, iut aft ’ 
wards by fomiation of elongate<l and many-branched cells, which ultimatelv cov^i. a 
surface like a white mould. (Blondeau.) ^ 

A small (quantity of lactous ferment is capable of decomj^sing a large quantity of 
sugar, provided the liquid is kept neutral b^ chalk ; otherwise its action on the smFar 
is retailed by bhe free acid. It increases if nitrogenous matter, which may serve to 
nourish it, is likewise present. By desiccation or by boiling, with water, its’^action h 
weakened, but not altogether prevented. It acts best on sugar when air is exclnded. 
inasmuch as the action is then not interfered with, either by the formation of mould ^ 
by infusoria. If no other ferment is present, the lactous fermentation goes on 
regularly, and often more quickly than vinous fermentation. (^Pasteur.) 

In solutions of cano-sngur containing phosphoric acid and ammoniacal salts, tho 
Pcnicillmm qlaiwiim can grow and convert all the sugar into lactic acid, (Pasteur 
Compt. rend. li. 298.) 

Previous to lactous fermentation, the liquid always becomes viscous, in consequence 
of the development of Pmimllium glaiicumt whose ramifications fill the liquid to such 
an extent, that it docs not run out when the vessel is inverted. If tins plant can 
develop itself in sugar solutions, lactous fermentation ensues, whether the liquid is 
acid OP alkaline. If the liquid also contains albuminous substances, these yield 
ammonia and carbonic acid for the development of the Pcnicillium^ and are partially 
converted into butyric acid, wln'lo part of the sugar is transformed into mannite. 
(Blondeau, J. Pharm. [3] xii. 257.) 

The spontaneously developed fermentation of saccharine juices containing nitrogen, is 
sometimes lactous, sometimes vinous, most frequently both together. If yeast (as is 
generally the case) contains the cells of Penieilliiim glaucum ns well as those of 
Torvtda cerevisia^ vinous fermentatiou takes place first, then lactous fermentation at 
the expense of still unaltered sugar (Blondeau). When sugar solutions are brought 
into the state of lactous fermentation by cheese (or other nitrogenous siihstancj's), tin* 
lactic acid formed after a while prevents the further action of the ferment, but after 
repeated addition of acid carbonate of sodium (Boutron and Preniy), of clmlk 
(Pelouze and O^lis), the whole of the sugar is converted into lactic acid. Slightly 
alkaline liquids are best adapted for the development of lactous ferment, neutral liquiils 
for the development of yoast. (Pasteur.) 

Sugar-solutions undergo lactous fermentation in contact with various membranes, 
especially calf’s rennet (Fr«3my, Compt. rend. viii. 96, and ix. 166; see also (lay* 
Lussac, Compt. rend. ix. 46), with diastase altered by exposure to the air, woth the 
previously altered nitrogenous substance of beet-juice, with decomposing animd bladder, 
with whc*y (Boutrou and Fr<5fmy, Ann. Ch. Pbys. [3] ii. 266 ; Blondeau). Wht*n 
urine mixed with sugar is left to itself, Pcnidllium glattcum becomes developed, and 
lactic acid is produced. (Blondeau.) 

The soluble parts of glutin and casein, as well as the nitrogenous liquid which 
remains after vinous fermentation, are peculiarly well adapted for the development of 
lactous ferment ; consequently, when these liquids are mixed with sugar and exposed 
to the air, lactous ferment is formed in them, even if yeast is added, the two ferments 
then exerting their specific actions side by side (Pasteur). See also Mucous Fee- 
HBNTA.T10N. 

Aqueous sugar-solutions set aside for weeks or months at 40® C., a lower tempera- 
ture in contact with chalk and cheese, glue, or other nitrogenous Bub.stances, undergo a 
fermentation different from the vinous, and not depending on the presence of yeast. 
In this fermentation, both the nitrogenous substance and the sugar are destroyed; 
carbonic acid, nitrogen, and hydrogen escape, and alcohol, lactate, and butyrate oi 
calcium are produced. (Berthelot, Ann. Ch. Phys. [3] Iv. 361.) , 

Berthelot designates this reaction Fermentation cUcohotique, whereas Pasteur regard! 
it as lactous fermentation. 

ygmUKMlfTATIOiar, imrcovs. This is another kind of fermentation whirl 
sugar-cane undergoes, likewise under the influence of nitrogenous substances, and n 
contact with air ; but under circumstances otherwise not exactly known, giving nse t 
the escape of carbonic acid and hydrogen, and the formation of mannite, a peculw 
gum and a mucilaginous substance. 

The mucous fermentation of sug^ takes place (like vinons and lactous ferm^w 
tion) under the influence of a pccidiar mucous ferment This ferment is compo^ ® 
^herules from 0*0012 to 0*0014 mm. diameter, and when introduced into sugai^w 
tions containing albumin causes the sugar to be resolved into mannite, gum, aim ^ 
bonic acid. 100 pts. cane-sugar yield, on the average, 51 09 pis. mannite, and 46 j 
pta. gum, corresponding to the equation: 
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35C'»H“0‘' + 13H*0 


12C'’H*>0'* + 24C*H'*0* + 12CO* 

Gum. Mannite. 


When a larger proportion of gum is obtained, the liquid is observed to contain larger 
ioheniles, probably belonging to a peculiar mucous ferment. (Pasteur, Bull. Soc. 
Chim. Paris, 1861, 30.) 

Mucous fermentation requires access of air, and likewise the presence of nitrogenous 
niatter ; but the latter is capable of exciting mucous fermentation even after boiling. 
In this reaction, neither acid nor alcohol is produced. (Hochstetter.) Mucous 
fermentation is prevented bv sulphuric acid, hydrochloric acid, or alum (I) os fosses), 
by free mineral acids (Hochstetter, J. pr. Chem. xxix. 30), 

The following are examples of this kind of fermentation : 

Syrup of cane-sugar, which had been poured at the boiling beat into bottles in 
Hsrtiuiquo, the bottles being filled with it, underwcht mucous fermentation on being 
transported to France, and poured out into open ve^acls. (Poligot.) 

Fresh beet-juice becomes gummy by contact with air, and then contains mannite, gum, 
hictic acid, and uncrystallisable sugar. These changes take place with greater facility, 
when fermenting beet juice is added to the fresh juice, even when the gre^ater part of tho 
Ditrogenous matter has been removed by lime, and whether tho quantity of free alkali 
present is great or smalL Alcoholic fermentation sometimes sets in if the acid is 
neutralised (Hochstetter). When carrot-juico is left to itself between 30*^ and 
40® C., the cane-sugar which it contains is converted into glucose, mannite, lactic 
acid, and a gum isomeric with gum arable. (Tilloy and Mac lagan.) 

The expressed juice of mangold- wurzcl begins to ferment in 3^ days, and tho fer- 
mentation is complete in 2^ days. From the solution clarified and evaporated to a .syrup, 
alcohol of 80 per cent, precipitates a glutinous mucus, and the filtrate yields crystals of 
mannite. If tho mucus bo washed with alcohol, its aqueous solution precipitated with 
basic acetate of lead, the washed precipitate decomposed under water by sulphydric 
acid, and tho filtrate evaporated to dryness, a transparent, slightly coloured gum is 
ohtiiinedL (Kirch or, Amu. Pharm. xxxi. 337.) 

The juice of the sugar-cane contains a white non-nzotised (?) substance which 
becomes brown and moist in contact with the air, is soft and difficult to dry, solulde 
in water, insoluble in alcohol and ether, and is precipitated from its aqueous solution 
by oxide of lead, mercurous salts, and alcohol. It converts sugar into a substance 
intennediate between starch and glutin, this substance being formed quickly, and 
somewhat abundantly in syrups, and rendering them viscid, ductile, and uncrystal- 
lisalde. If therefore, the juice, after being treated with lime, is left to stand for 
48 hours, a jelly is produced, from which alcohol throws down a soft w hite nacreous 
precipitate, which dries up to a nacreous ma.ss, dissolves but sparingly in hot or cold 
water, oven when moist, Init sw’clls up in it to a transparent mass, and wlien treated 
with nitric acid, yields nothing but oxalic acid. This mass is not coloured by iodine, 
OP converted into sugar by dilute acids, and does not give off ainmonia on dry distil- 
lation, It is found abundantly at the bottom of the vats in which molasses is left to 
ferment for the preparation of ruin. (Plugne, J. Pharm. xxvi. 218.) 

Lemonade containing sugar, volatile oil, citric acid, and condensed carbonic acid, 
loses its flui^ty, and becomes gummy by long keeping, especially in winter. If tho 
gummy liquid be precipitated by alcohol, and tlie precipitate, which is friable wlieii 
washed with alcohol, there remains, after diying at 100^^ C., a viscid, 8emi-trans])a- 
reut, horny mass, while the alcohol takes up a brown uncrystal ILsable sugar. This 
recovers its former appearance when cold water is poured upon it, and forms with 
boiling water a gum which is difficult to filter, is not coloured by iodine, doc's not nv 
aucc potassio-cuprie tartrate, or precipitate basic acetate of lead, and yields oxalic acid 
nitric acid. 

When yeast is well washed writh cold water, then boiled with water, and ^ part 
dissolved in the filtrate, the liquid after a few days becomes turbid 6,nd tenaeious, 
like decoction of linseed. At the same time, a mixture of carbonic acid and carl»onic 
m varying proportions, is evolved. This fermentation lasts about 12 days ; for 
a snorter time, between 20® and 26® C. ; it takes place also out of contact with air, and 
x oven by yeast which hatf been boiled out with water (Desfossos, J. Phanu. 

rJ’ Under similar circumstances, lactous fermentation may likewise take place. 
iOnMueom^ FerrMntation, see also Vauquelin (Ann. Ch. Phys. xx, 93.)] 

Water boiled with glutin, produces in cane-sugar solution the same change as de- 
foction of yeast. In contact with sogar-solution for 24 hours at 26® C., it gives ofi*a 
jailer quantity of gas than the decoction of yeast, and renders the liquid gjummy. 
egas^us mixture contains hydrogen in larger proportion to the carbonic acid than 
at which is evolved by decoction of yeast. After the completion of the mucous 
Ji^enUtion, the liquid is still very sweet, hut so thick that it runs out in threads 
ben the vessel is inverted ; when evaporated it leaves a non-crystallisable residue, and 
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on treating this with alcohol, a sacchariferous gum remains undissolved. If tli 
mainder of the sugar be extracted from this gum by fermentation with yeast thp 
obtained, for every 100 parts of sugar decomposed by the mucous fermentation 
parts of a pale yellow insipid gum, which yields scarcely any mucic acid when tri t i 
with nitric acid, is less soluble in water than gum-arabic, and yieldB a thicker mi, 
than the latter, (Dosfosses.) ^ mucilage 

nummmATXOVf FBCTOXTS. Many unripe fruits, fleshy roots and otli . 
parts of plants contain a substance insoluble in water, alwhol, and ether (Frr ’ 
pectose), which, during the ripening of the fruit, is converted, under the influeme of * 
peculiar ferTnent called pectase, into various gelatinous substances which are «olul)l 
water, viz. pectin, parapectin, and perhaps pectic acid in the ripe fruit, and metaiiwt ” 
acid in the over-ripe fruit. This is called pectons fermentation (Gm. xv 393^^ 
Pectin. ’ ' '' 


rBRMBSirTATZOir, SACCRAROTTS. 

under the influence of diastase (pp. 319, 625). 


The conversion of starch into sugar 


FBRMBBTATZOir, SZJT APOVB. The formation of volatile oU of mustard 
from black mustard seed, by the action of myrosin on myronic acid y^p. 624)* - 

rBRMtBRTATZOir, TAmrOTTB. See Fermentation. Gallous.^ 
PBRBKBBTATZOB'f ITRZROUS* This term is applied to the conversiion of 
urea ill solution into carbonate of ammonia. Urea dissolved in pure water remins 
unaltered, but in the urine, which likewise contains mucus and other nitroirenous gu}>- 
stances, it changes, with various degrees of rapidity, into carbonate of ammonia. In 
presence of yoast the change takes place very quickly. (0. Schmidt, Ann. Ch. Phann, 


BBRBCBBTATZOW, VZirOVB. (Sec p. 627.) 

PBRMBNTATZOir, VZBCOVB. Syn. with Fermentation, Mucous (p. 632), 

BBRSCBSTT-OZZiB. (Gm. xiv. 403.) — ^These are volatile oils, produced by the fer- 
mentation of various plants, not originally contained therein, and essentially diffprent 
from the oils which are extracted from unfermentod plants by distillation with water. 
According to Becker (N. Br. Arch, Iv, 161), they were known to the alchemists, and 
by them designated quiniescences, B ii ch n er {Riyert. liii. 299), in 1835, first separated 
an oil of this nature from the fermented herb of Erythrma Qentaurium by distilktioii. 

P erment-oils are for the most part much more soluble in water than ordinary 
volatile oils. According to Berzelius (Jabresber. xxvii. 541), they are perhaps 
peculiar alcohols, related to fusel-oil, and forming compound ethers w’ith salt-radicles 
and acids. 

1. Ferment-oil of Charopkyllum sylvestre . — The flowering plant is left to ferment in 
water; the liquid distilled when t.lie fermentation is ended ; the distillate mixed with 
common salt, and shaken up with ether; and the other removed from the aqueous 
solution and left fo evaporate ; the ferment-oil dissolved in it is then left behind. 
It is brown, lighter than water, with a strong and peculiar pungent odour, and an 
aromatic taste, not bitter, but slightly scratching. Evaporates quickly oven at 18“ C.t 
burns,^ when set on Are, with a clear, luminous flame, diffusing a vapour which excites 

— Chlorine^water converts it into yellow flocks retaining the miour of the oih - 
It dissolves iodine. It is decomposed with violence by nitric acid. By oU of vitriol 
it is coloured brown, without losing its odour ; the solution is rendered milky by watfsr. 
It forms an emulsion with aqiteo'ua ammonia^ dissolves sparingly in watery easily in , 
alcoholy ether y and oiUy both^erf and volatile. It dissolves resin. (Bley, 

Arch. xlv. 50.) J 

2. FertnenUoil of Chelidonium vK^iis . — Obtained from the roots, in the same mswr 
as the ferment-oil of CharaphyUum sylvestre. Lighter than water; has an agre^ls 
odour like the^ bouquet of wine, and a persistent, biting taste. It is not very vola^. 
With iodine it forms a violet solution. With nitric acid it evolves nitrous gas, ahd 
with sulphu^ acid it forms a slightly coloured solution which is scarcely clouded by 
water. It dissolves sparingly in water, readily in alcohol, ether, and ails, both/xsd and 
Volatile, (Bley, N. Br. Arch, xlviii. 166.) 

3. FcrmenUoil of Conium maculatwm, — Obtained from fresh hemlock in the same 
manner as the ferment-oil of Ch<srophyUmn sylvestre. Colourless ; has a peculiar odonr. 
not like ^at of hemlock, and a sharp, burning taste ; it is not poisonous* Dissolvts 
with facility in alcohol, ether, and oUs, ho^ fixed and volatile, (Landerer, 

xUv. 237.) 

4. Ferment*oU of Erythresa Csntoi4rtMm.-— The plant, after maceration in water for 
12 hours, gives off a perceptible odour, which increases up to 60 hours msG^tion, aad 
ti.en ceases (Buchner.) The aqueous distillate is pale-yellow) wi^ white tilrbidityf 
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. a persistent enlivening aromatic odour, which is not pleasant when close, and 
States the eyes and nose ; its taste is excessively burning, like that of creosote, but 
BOt persistent. It reddens litmus, but not permanently (Biich nor, Keperi, liii. 303), 
•od when heated with ammonia and nitrate of silver, reduces the silver to the me- 
tallic state (Btlchner). To prepare the oil, the fresh herb is macerated in water for 
48 hours, the whole distilled, the odoriferous distillate redistilled, and this process con- 
tinued as long as drops of oil paM over with the watorjr vapour. It is a thin greenish 
oil having a peculiar, but not disagreeable odour; it is not poisonous. (Buchner, 
JleptTt. liii. 299.) 

S. Ferment-oil of Echium The plant in the flowering state is distilled with 

water after maceration ; the distillate is shaken up with ether, and mixed with common 
gait ; and the ether decanted therefrom is distilled oiF. Tale yellow oil lighter than 
water, and smelling like other ferment-oils. Easily soluble in alcohol and in 
(Bley, N. Br. Arch, xa^ 167.) 

8. Fermtnt-oil of Erica vulgaris. — The fresh herb is distilled after maceration with 
water; the distillate is cohobated and repeatedly distilled after addition of common 
gait, then shaken up with etlier as long as the ether acquires any odour ; and the ether 
is earefally distilled off from the dissolved oiL The oil obtained amounts to 0*023 per 
cent Greenish-yellow, mobile, lighter than water, with a peculiar odour, and a 
gsreetish, aromatic, burning taste ; reddens litmus. When set on fire, it burns with a 


dear, blue-edged flame, without leaving any residue. It is not deodorised by chJorim- 
wat^r. It dissolves iodine without detonation. With fuming nitric acid^ it froths up, 
and the solution mixed with water deposits resinous flakes. With sulphuric acid, it 
becomes darker, without losing its colour. (Bley, N. Br. Arch. xxi. 302.) 

7. Ferment-oil of Marrubiwm vulgare . — The comminuted herb is soaked in water 
and exposed to the sun, whereby it acquires an offensive odour ; tlie liquid is then 
distilled; the distillate saturated with common salt; the flocks thereby separated are 


collected on a filter and dissolved in ether ; and the ether is left to evaporate slowly. 
The distillate saturated with common salt yields, when heat(?d, a second aqueous dis- 
tillate from which the oil may be extracted by agitation with ether. It is lighter than 
water; has a peculiar sweet, ethereal odour, and an aroraatio, slightly biting taste. 
When set on fire it burns with flame, without leaving charcoal. It dissolves in dilute 
nitric acid, and yields a bitter substance with strong nitric acid. With sulphuric acid 
it becomes heated and acquires a peculitur odour. With chlorine-wntcr it emits an 
odour of roses and forms a film of resin. It dissolves in aqueous alkalis and in water, 
(Bley, N. Br. Arch. x. 67.) 

8. Fenncnt-oil of Achillea Millefolium . — The fresh flowering plant is macerated in 
W’ater, and left to ferment ; the whole is distilled, with cohobation ; the blue oil which 


floats ou the distillate is removed ; the rt^sidual water, after addition of common salt. 


is agitated with ether ; and the ether which separates is left to evaporate, yellow- 
brown oil, having a slightly aromatic odour, and an aromatically bittensh, rather sharp 
taste. It dissolves in alcohol, ether, and oils, fired and volatile. (Bley, N. Br. 
Arch. XXX. 167.) 

9. FtrmmUoil of various species of Plantago, — Obtained from plantain-leaves by 
fermentation, distillation, and agitation of the distillate with ether, in the same manner 
08 the fcrmcnt-oil of Achillea Millefolium. It is yellow, transparent, has an ethereal 
odour slightly resembling that of mnstard-oil, and an aromatie, sweet, burning taste. 
Very volatile. With fuming nitric acid it turns brown, with rise of temperature and 
intumescence ; the solution first becomes greenish-yellow with milky turbidity, then 
cl^r, smells like artificial musk, and has a disgustingly bitter taste. With sulphuric 
it forms a dark brown-red mixture, from which water separates resinous Hocks 
wilelling of resin and ferment-oil. It dissolves in alcohol, ether, and oils. (Bley, N. 
BA Arch. xL 130.) 

.19* of Quercus Bobur . — Obtained from fresh oak-leaves by fermentation, 

aiitiHation. and treatment of the distillate with ether in the same manner as the fer- 
m^t-oil of AchiUM MilXefoliwm, Pale green. Specific ^vity 0 696 ; has an agreeably 
enlivening odour, a sweet, burning taste, and reddens litmus. It is easily inflaraniablo, 
bnma with penetrating odour, and with a first bluish, then whitish, non-fuligmous 
^me. Witn fuming nitric add it froths up and becomes very hot, but does not lose 
Its odour. With sulphuric add it becomes hot and assumes a dark red-brown colour. 
It dissblves sparinelv in water, readily in alcohol, ether, and oils, fired and volatile, 

48.) 1 . Ml I • 

11. Ferment-oU of Salix pentandra.’-OhtBmed from fresh willow-leaves in the same 

manner as the ferment-oil of Achillea Millefolium, Yellow, lighter than water ; has 
aromatic odour, like than of castoreum, and at the same time like that of wmow- 
reddens litmus. Smells strongly when heated, and burns, v;hcn set on fire, 
^th a very smoky flame, leaving a small quantity of charcoal. Dissolves todtm 
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abundantly. With fiming nitrio acid it froths up and thickens, but does not take 
fire. 

12. Fcrmcnt-oil Obtained from the frwh herb, like tlio fcrraent- 

oil 0 ^ Achillea Millefolium. Dark red-brown, with a repulfliv^ etliereul, sweetiali otl„up' 
and an aromatic tast^. It dissolves sparingly in water^ easily and in all pro|>ortion!l 
in alcohol^ ether ^ and oils^ both fixed and volatile. It forms a liniment witli uqiuvvi 
amvwnia, and is very sparingly dissolved by aqueous potash, (Bley, N. Br. Arch, li 
267.) 

13. Ferment-oil of Trifolium fihrinum. — Obtained like the ferment-oil of Achilla 
Millefolium, from the dried plant, even after it has been well boiled with water and 
no longer has a bitter smell, by formoiitation, distillation, saturating the distillate witli 
common salt, and shaking it up with ether. It is pale yellow, lif^hter than wjU«t, 
smells strongly aromatic, like the ferment oil of Tusailago farfara ; its taste is at first 
burning and sweetish, afterwards aromatic. When set on fire, it burns with a l»liu^, 
slightly fuliginous flame, giving off strong-smelling vapours which excite coughing, and 
leaves a small quantity of charcoal. It dissolves sparingly in water, easily in alcohol 
and ether, (Bley, Juhrb. pr. Pharm. ii. 207.) 

14. Ferment-oil of Tusailago farfara. — The fresh bruised herb is macerated in 
water for 10 or 12 days, during which it turns light green, and a(?quire8 the odour of 
pickled gherkins; the whole is then distilled ; the distillate, wliich has a vinous odour w 
saturated with common salt and redistilled ; this second distillate is shaken up with a 
large quantity of ether ; and the ether is biken off and evaporated, the dissolved oil 
then remaining behind. Yellowish, lighter than water, very volatile, with a p»x;uli:ir, 
strongly aromatic, penetrating odour, and an aromatic taste, neither burning nor coid- 
ing. It easily takes fire and burns at first with a whitish, afterwards with a reddi.sh, 
sooty flame. It dissolves iodine abundantly, dissolves in sulphuric acid with yellowish 
colour, without losing its odour, and turns brown when heated with it. With 

it is said to form a whitish soapy compound. It dissolves sparingly in water, readily 
in alcohol and ether. (Bley, Repert. Ixii. 406.) 

16. Ferment-oil of Urtica urens. — Obtained like the ferment-oil of Achillea Milk- 
folium, the flowering plant, which, during fermentation, emits, first avinona, tlicn 
a sharp and intoxicating odour. Kesemblea the ferment-oil of Eckium vidgart. 
(Bley, N. Br. Arch. xxx. 167.) . . , 

19. Ferment-oil of Vitis vinifera. — Fennented vine-leaves are distilled ; the distillate 
is cohobated and shaken up with ether; the ethereal solution is distilled; and th6 
ethereal, peculiar-smelling distillate is rectified; the ferment-oil dissolved in it then 
remains behind. Pale yellow, lighter than wator ; has a peculiar vinous odour, like 
vine-flowers and mignonette, and a burning, sweetish, aromatic taste. It reddens 
litmus slightly but permanently. It evaporates in the air, diffusing a strong odour. 
Heated with fuming nitric acid, it resinises and assumes a grass-green colour. With 
stdphuric add, it forms first a white, then a light-red, nnd ultimately a brown 
mixture, without losing its odour. It is not deodorised by agitation witli ch/onve 
water. With aqueous potash it forms a clear mixture, from which tlio oil afterwanla 
separates, with red-brown colour, but with its original odour. It dissolves sparingly 
in water, without alteration in hydrocUoric and acetic acid. With sulphide of carbon 
it forms a milky liquid, from which it afterwards separates unaltered ; with carlionate 
of potassium, a liniment from which it also separates unaltered ; with aqueous am nwma 
a soapy mixture. It dissolves abundantly in alcohol, ether, and fixed oils ; in oil oj 
turpentine and oil of lemon, it forms at first a milky solution, which afterwards becomes 
clear. (Bley, Report. Pharm. Ixviii. 301.) , • ♦ 

An oil, different from that just described, may be obtained from wine, by leaving a 
to freeze, distilling off the volatile part of the remaining liquid, and shaking up Uie 


residue with ether. (Bley.) .r. , :i • ^ 

17. FerTnent-oil of diseased Apples.— -MaldU, 0 // Produced , in xeiiuio- 
stasis, a disease of the apple, which imparts a musky odour to that fruit. It is obttiuica 
from the diseascMi apples by distillation with water. Yellowish-grey, 
water ; boils at 109® C. Smells of musk, tastes rough and sharp. Contains 6410 per 
cent. C, 20-66 H, 1616 0, and 0*06 N. It volatilises completely when kcaUa, ana 
burns, when set on fire, with a feeble flame, diffusing a small quantity of 
Chlorine decomposes it, with elimination of hydrochloric acid. With dry | 

acid gas, it forms a crystalline compound {Chlorhydrate de MaloUeX It dissoiv 
readily in alcohol and ether, and imparts a musk-like odour to water. (Rossigno®* J* 

Pharm. xxvii. 168.) ^ ^KAi-fifore 

F1S1ULA.TB8. Salts containing iron, analogous to the manganates, and 
i^presentod by the general formula M*O.FeO*, or M’‘*Fe^*0*. They are very uns a > 
and only tho potassium- and barium-salts have been examined. . -ou il. 

Ferrate of Potassium was first prepared by Frcmy in 1840 (Aun.Xh. Pharm* 
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261 • xHv. 254), and has been further examined by H. Rose (Fogg. Ann. lix. 316) and 
1 . Deubani Smith (Phi). Mag. [3] xxiii. 217). But, according to Kopp(Gfw44/o 
Qh'rtdBt 1 . 192), Stahl appears to have observed that iion calcined with iiitro 
vields with water a purple or amethyst-coloured solution. Eckeberg also observed, 
ni 1802, that the mass obtained by fusing gadolinite with hydrate of potiussium yields 
witli water a dark-red alkaline solution, the colour of which proceeded, not from mnii- 
raiieae, but from iron, and Becquerel in 1832 (Ann. Ch. Phys. [2] li. 106) remarked 
tbt ten-ic oxide fused with hydrate of pot^simn gives off oxygen, which he attributed 
to tlie tleeomposition of peroxide of potassium. 

Ferrate of potassium is prepared : 1. By projecting a mixture of 1 pt. iron-filings, 
and 2 pts. nitre into a capacious crucible kept at a dull red heat, and removing the 
crucible from the fire as soon as the mixture begins to deflagrate and form a whito 
cloud ; if the heat is too strong, the compound decomposes as fast as it is fomed. The 
soft, somewhat friable mass of ferrate of potassium tlms obtained may bo taken out 
^ntli an iron spoon and'preserved in woll-stoppered bottles. Or the salt may bo 
obtained in solution by treating the fused ma-ss with ice-cold water, h-aving the liquid 
to stand, to allow the undissolved ferric oxide to settle down, and tlien decanting; the 
solution must not be filtered, as it is immediately decomposed by contact with organic 
matter. -2. By igniting ferric oxide with hydrate of potassium in an open cjrucible, or 
with a mixture of hydrate of potassium and nitre. — 3. By pas.sing chJoinne gas through 
a very strong solution of caustic potash containing hydrated ferric oxide in suspension, 
fragments of solhl potash being continually added to maintain a large excess, of alkali 
in the liquid. The ferrjite of potjissium, being almost insoluble in the strong alkaline 
liquid, is deposited in t he form of a black pow'der, which may be freed from the greater 
purt of the mother-liquor by drying it on a plate of porous earthenware (FrAmy). — 
4. lly electrolysis. A cylinder of porous oarthenware is filled with strong potash-ley 
ainl placed within a beaker-glass containing the same liquid. A cast-iron plate con- 
nected w'ilh tlio positive pole of a powerful voltaic battery dips into tlio liquid outside 
the* porous cylinder, and a plate of iron or platinum connected with tlio negative polo 
is immersed in tlio liquid within the cylinder. The whole of the liquid is cooled aa 
much as possible by surrounding the beaker with ice. The potash-solution surround- 
ing the positive pole quickly assumes a red colour, and after a while becomt^s dark and 
opaque; sometimes also the positive plate becomes coated with microscopic crystals 
of ferrate of potassium, (Poggendorff and Rose, Pogg. Ann. lix. 316.) 

Ferrate of potassium is solul)Ie in water, less soluble in presence of potash. Tho 
de<‘p cherry-red solution is, when concentrated, transparent only in thin l.ayers. In 
the couceiitratcd state, and when mixed with free potash, it may be pros<*rved for some 
time, and may even be boiled without decomposition, but the more dilute and the 
warmer the solution is, the more easily does it decompose, with evolulion of oxygen 
and preeipitiition of ferric oxide ; a dilute solution is constantly dccom})osed by boiling. 
Acids, even nitric and sulphuric acid, decolorise the red solution immediately, with 
ovolution of oxygen, and if only a small quantity of acid is present, with separation of 
ferric oxide; with hydrochloric acid it gives off chlorine. Tho solution is dccomposiHi 
by metals, and by many metallic salts, including alum ; from salts of manganese and 
nickel, it throws down peroxides of these metals. It is quickly deconn>osed and 
decolorised by deoxidising substances, such as sulphurous acid, nitrous acid, ammonia, 
aimnoniacal salts, and especially by organic bodies. Sulpliy<lric acid and sulphide of 
ammonium impart to the concentrated solution a dark green colour, becoming light 
green on dilution with water, brown when heated, green again on cooling ; in this 
reaction a sulphur-salt appears to bo formed, containing a polysulpJiide of iron analogous 
to ferric acid. 

By passing sulphurous acid gas through the aqueous solution till the colour is 
diBtroyed, and determining the quantity of ferric oxide precipitated, and of sulphtmo 
product (by supersaturating the filtrate with hydrochloric acid and precipitating 
with chloride of barium), it is found that 699 pts. (3 at.) 8iil{»hato of barium, BaSO*, 
currcB|^iid approximately to 160 pts. (I at.) ferric oxide, Fe‘^0*. Bonce ferrate of 
potassium is K*FeO* or K^O.EeO*, and the decomjKJsition is represented by the 

equation : 

2K*FeO* + 3SO* + H^O « Fe*0* + 2K»SO< + B*SO*. 

Consequently, ferric acid, if it could be obtained in definite form, would be H*FeO*, or 
" ferric anhydride FeO*. (H. Rose.) 

Ferrate of eodium is obtained similarly to ferrate of potassium. The other salts, 
which are insoluble, are obtained by precipitation. 

Ferrate of barium, BaO.FeO* + H*0 (?), or BaTe'^O^ + aq. (?), is obtained by do- 
composing tho potassium-salt with chloride of barium, as a bulky cochineal or purple- 
jed precipitate, becoming brick or rose-red after washing and drying at 100® C, It is 
^lerably stable, may even be boiled for a while with water, and dissolves with red 





colour in acetic aoid i but by nitm dr l^^uTio or by strong beatiuff it ,« 
diately decomposed and dwlori^ (B'enham^M “^^winune. 

nsuo ACZB, or t^rraUi>f Bydrc^en^ hsA not been obtained in definite form 
or even in aqueous solution, ail ^^decon^ses and giyes ofiT oxygen as soon as 
from its salts by the action of ^ Mid (p. 637). ^ 

muo oaUBHi Sesqmmide of iron. FeH)*. See Ibon. 

711 RMO 8A&M« Sesquiaalts of Iron, See Ison, and the several Acids. 
VSmxCYibrZBas or raUUOCTAimiBS. See Cyanides op 
(p. 243). . 

. 7BRSXTX:8« Compounds of ferric oxide with alkalis. (See Iron. Oxides op ) 

VBRROCOBAlbTnria. Cobaltine, Co^As^S*, ill which a considerable proportion 
of the cobalt is replaced by iron. (See Cobaltinb, i 1057.) 

BBBROCYABXBBS. > Cyanides op Iron (p. 2221 

rsBBOPRxrssxATsa. ) 

nsJUnr is the name given to the substance which is separated in the solid state 
from blood on coagulation. A similar matter is contained in the solid muscular fltsli 
of animals, but differs from blood-fibrin in certain properties. Lehmann has named 
this fibrinous substance syntonin. Fibrin is also contained in lymph. 

1. Preparation . — Fibrin may l>e obtained immediately by lashing fresh blood with 
a bunfUe of birch-twigs ; it attaches itself to the twigs in amorphous, fibrous filaments, 
which retain a red-colour from adhering blood globules. In order to free the fibrin 
from colouring and other matters, it is i»laccd on a sieve or a cloth and subjected to 
prolonged washing under a copious stream of water, and the portions which retain 
the red colour most obstinately arc picked out and tlirown aside. It is finally washed 
with distilled water charged with carbonic acid. A few drops of acetic acid may bo 
advantageously added to tho last wash-waters ; this causes tlie fibrin to swell up, and 
renders it easier to distinguish the impure portions. The product, finally wa.shcd with 
pure water, assumes the semi-transparent, fibrous aspect, peculiar to fibrin. (Qerh. 
iv. 459.) 

When fresh blood is allowed to. stand, it coagulates spontaneously, the clot, at the 
same time, enclosing all tho blood-globules. It is therefore necessary to cut the clot 
into thin slices, and wash it with still greater care than artificially coagulated fibrin. 
Fibrin obtained by either method always contains many imptirities, e.«!pecially fat- 
globules ; these may be removed by ether and alcohol, after the product has been 
dried. 

Qcrhardt recommends the following method for preparing fibrin in a state approach- 
ing to purity. The blood, as it leaves tho veins, is allowed to flow upon the twelfth 
or fifteenth of its weight of moist sulphate of sodium, which prevents the fil»rin from 
coagulating. Tlie mixture is agitated and tlirown on a filter, which retains by lar tho 
greater part, if not all the globules. If the filtrate is slightly red, it is mixed with 
an equal volume of water, and again filtered ; and this process is repeated till tho 
liquid begins to deposit fibrin. The fibrin is then collected, strained off, and washed 
with water, alcohol, and ether. 

Liebig prepares muscular fibrin (syntonin) by finely mincing fresh meat, and 
exhausting with cold water. The residue is then treated with water containing O’l 
per cent, hydrochloric acid, and the solution is filtered and neutralised with ammonia. 
The fibrin is purified in tho usual manner. 

Baumhauer uses fish for preparing syntonin (Chemische Unters. v. Mulder ^ German 
transl. iii. 301), but the method does not appear to bo advantageous. 

Impurities. — Fibrin is generally mixed with fat-globules, but only such as are found 
adhering to the different constituents of blood. Lehmann discovered cholesterm m 
this fat, also acetic acid, perhaps formed by the oxidation of ether, and another fatty 
acid {Gmelin*8 Handbuch, viii. [2] 171). Fat always adheres to fibrin, and apj^ears to 
consist principally of ammonia- and lime-soaps (Berzelius, Lehrb. d. Chem. ix. 88). 
Schmidt extracted from 7 ’4 to 8*7 per cent, fat from the fibrin of the blood of the p<>™ 
vein. Lehmann found between 3T89 and 3*218 per cent, of fat in fibrin ((ximins 
Handbuchy viii [2] 141). Virchow extracted, by means of alcohol and ether, betw^n 
2*50 and 2*76 pep cent, fat from venous fibrin. The fibrin of chyle is richer in w 
than blood fibrin. Virchow found phosphoglvcerate of calcium in blood-fibnn, ana 
much phosphate of calcium in its ash. Fibrin always leaves a mineral residue on 
incineration, consisting chiefly of phosphato of calcium, amounting to 17 per 
(Mulder), 0*66 per cent., with a little carbonate of calcium (Virchow). A httie 
phosphate of ma^esium is likewise found in the ash, but no iron when the flbnn na» 
properly purified. According to Liebig, the ash of syntonin always oontainsiwn* 
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•..milarWood 1-907 pet «wit In chyla-flbrini^^itA liiad been properly freed from 
l^^hed, aiid dried, 177 pei? «ent* stiwngl^ aah was found (Lehmann). 

Yirch^ thinks it probable that the fat adherihg to fibrin contains myelin, a substance 
hieh lie considers to be identical with neije-marrow, and to bear a certain resem- 
I lance to ccrebric acid. It is found in various normsd and morbid structures ; when 
tnatcd with water, it swells up like starch. 

formation of Fibrin from Albumin, — ^When defibrinated serum is subjected to the 
action of a current of oxygen gas, at a temperature of 98®— 100® Fahr., the albumin 
coiitaincd in it is gradually converted into fibrin*, which separates after about 3G 
hours in clots, and when freed from blood-cells and other impurities by washing with 
water, prt‘sents the appearance of ordinary fibrin. A similar result is obtained when 
a mixture of blood-serum and e^-albumin is treated with oxygen gas, time being 
allowed for the two liquids to m« well together. Egg-albumin alone, when purified 
by bating it up with a small quantity of acetic acid, and filtering, also yields fibrin 
when a stream of oxygen is passed through it. The iiitrodnctiou of coils of 
iiliitiiium wire into the liquid greatly facilitates the formation of the fibrin, which is 
then deposited on the coils in beautiful white parallel threads. Alkalis and alkaline 
mills interfere with the production of fibrin in the manner above described, the great «*8t 
amount being obtained when the albumin is neutral or slightly acid. Viscidity of the 
litjuid promotes the formation of fibrin by detaining the bubbles of oxygen for a longer 
time among the particles of the albumin. Albumin artificially digested in gastric 
juice yields fibrin by oxidation, cvtai after it has been passed through a dialyser, 
iiUitt n dissolved in gastric juice also yields fibrin by oxidation, even at ordinary tem- 
pi-rutures. (A. H. Smoo, Froc. Koy. Soc. xii. 399.) 

Propfrtics. — Fibrin has been said to separate from the blood in lamime. Tliis is 
not certain, but w'hen eoinpletidy washed!, it consists of sott, elastic, transparent fila- 
iiiciifti, which do notTcohere by pressure. It is completely insoluble in cold w'ater, in 
alcohol, and in ether. 

Freshly prepared fibrin loses about 80 per cent, water in vacuo (Chevreul), and is 
converted into a hard, horny, transparent ma.ss, of yellowish or greenish colour, and com- 
pletely devoid of taste and smell. It takes up about three times its weight of water, 
without, however, entirely regaining its former appearance. When well-washed fibrin 
is boiled for a long time with water, the distillate contains much ammonia, and a 
peculiar substance is extracted from the residue by water (Dumas and Ca hours). 
The substance extracted from fibrin by boiling water, has, according to Bouchardat, all 
the properties of gelatin ; the proportion varies considerably, being insignificant i n healthy 
til'rin, but increasing to a considerable amount in inflammatory diseases of the cellular 
tissue. The substance obtained by Dumas and Cahours did not become gclutinouH on 
cooling, but appeared to resemble albumin ; it was precipitated by tannin and nitric 
aoid, contained 11 j)er cent, ash, and the organic part gave 47*9 per cent. C, 6-8 per 
cent. H, 16 0 per cent. N, and 30*3 per cent. O. 

Heated with water in a sealed tube to 160° C., fibrin dissolves almost completely, 
leaving a slight residue. The solution produces abundant precipitates with acids, 
and oven when very dilute, is precipitated by nitric acid. The precipitate produced 
hy acetic acid is readily soluble in an exce.s8 of the acid. 

When moist fibrin is exposed to the air, it is gradually converted into a thick viscid 
liquid, smelling like old cheese. Tliis liquid coagulates by heat ; the coagulum has the 
comjwsition and properties of albumin (C 63*9, H 7*0, N 16*6, S 1*6 per cent.; ash 0*28 
l>orcont. Strecker). Putrefying fibrin also yields sulphide of ammonium, butyric and 
vuleric acids ; leucine ; an oily acid precipitated by acetate of lead ; an acid syrup which is 
tliasolved by acids, thereby assuming a violet colour and being converted into tyrosine; 
j^nd a crystalline volatile substance of unpleasant odour ^D^PP) Fharm. 

Jxix. 30). When fibrin putrefies out of contact with the air, it yields acetic, butyric, 
valeric, and capric acids, as well as ammonia (Brendecke). Fibrin, in contact with 
gives off carbonic acid; and fibrin, which has been long exposed to the air, 
and perhaps also fibrin from arterial blood, dissolves with difticulty or not at all in saline 
*'<'hitions. Peroxide of hydrogen is decomposed by^ fibrin. If fresh fibrin, moistened 
’*ith water and saturated with oxygen, is enclosed in 8 times its volume of air, and 
Maintained between 20® and 25® C., the gas, after 24 hours, ctintains 6*81 per cent. O, 

N. , • *1 

. ■‘^ihrin has been analysed by a great many chemists ; the results are not sumciently 
accordance to lead to the conclusion that it is a homogeneous substance. It 
^^^ars to^ considerably in composition, according to the source from which it has 


A black lubiUnce, aoalogou* to if not identical with Virchow*# hamin, i# formed at the #aine time. 
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Mulder {Ckimische Tlntcrauchungen) gives, fbr the composition of fibrin, 527 |ht 
cent. C, 6-9 H, 15*4 N, 1*2 S, 0*3 P, and 23-6 O. Compjtring this result with tho 
analyHifl of blood-albumin by I lie same chemist (i. 67), it will be soon tlmt t he oxytit-n 
in fibrin cxctM^ds that in albumin by 1*5 per cents, the quantities of the other eh inciitH 
being pro|>ortionally less. This difftTcnce is quite in ac<‘ordance with the fliei observcil 
by Smee (p. 639), that albumin is convertetl into fibrin by oxidation, witJi sepnration 
of sulphur, phospliorus, and carbonic acid. On the otlier hand, it must be olifioi vcil, 
that, according to the analyses of other chemists, albumin and fibrin do not present, 
any essential difference of composition : indeed, the analyses of each of t.lu'se sub- 
stances l>y different chemists (see above and i. 67), differ from one another quite .is 
much us the analyses of either substance differ from those of the oMiers. If tiny ;ire 
reoUy identical in composition, the conversion of albumin into fibrin by tlie action of 
oxygen, must be regarded as a case of contmrt-action. 

According to MM. Lobonte and Goumoens, fibrin is composed of two bodies; 
exhibiting, under the microscope, yellowish-white fibres, parallel and Miivy on the. 
sides, as well as very numerous gi’anulations disseminated upon the surface of its 
fibres and enclosed by them. (Oorh. iv. 464.) See p. 641. 

J)i:Compn8itions. — 1. Fibrin is decomposed at a high temperature ; it melts, swells 
considerably, takes fire and burns with a smoky fiamc, leaving a residue of porou.s 
charcoal. By dry distillation, it yields the same products as albumin. 

2. Fibrin dissolves in cavstic potash^ even in very dilute solutions ; at fii’st it swells up 
and becomes gelatinous, and between 60*^ and 60® C. gradually dissolves, forming ft 
slightly opaline yellow solution, which becomes clear on filtration. Fibrin does nut 
neutralise the alkali, but decidedly lessens its alkaline properties ; the solution has the 
characteristic of albuminate of (K)tussium, yielding precipitates with acetic and with 
tribasic phosphoric acids, soluble in excess of the precipitant. Acconiing to 
Mulder, if fibrin is digested with very weak alkali, and the solution ncutrali8e<l with 
acetic acid till it begins to be precipitated, compounds with metallic oxides may he 
obtained on the addition of their salts. Gerhardt tliinks that these precipitates aw 
identical with the metallic albuminates (i. 68). When fibrin is boiled with caustic 
potash, ammonia is evolved, and the liquid contains sulphide of potassium. Heated 
with potash-lime between 160° and 180° C., it evolves ammonia and other volatile pro- 
ducts, while a small quantity of a volatile fat acid is formed, which remains combine 
with potash (Wurtz). When fused with potash, it yields hydrogen and ammoni!!, 
leucine, tyrosine, and probably butyrate, valerate, oxalate, &c., of potassium. (Bopp.) 

3. Fibrin is scarcely acted upon by ammonia, 

4. Concentrated fuming kgdrocldorio acid causes fibrin to sweU, and dissolves it 
heated, forming a violet solution. When this solution is boiled in an open vessel* it 


* Appears to hare lo«t nitrogen in the form of ammonia. 
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inms brown, and ia then found to contain chloride of ammonium, leucine, tyrosine, a 
wn snbstance not yet e^mined, an uncrystailisable body slightly soluble in water 
Td very soluble in ^cohol, and a sweet syrupy matter (Bopp). According to Mulder, 
Jbrin absorbs T’l per cent, of gaseous hydrochloric acid, yielding h compound almost in- 

Liebig, blood-fibrin is perfectly insoluble in diluU kydrocMoric and; 
l,e says that fibrin, macerated in water containing 10 pep cent hydrochloric acid, ia 
jrradually converted into a jelly, which shrinks on the addition of more concentrated 
floid, and af^in swells up with pure water, without, however, any appreciable quantity 
of fibrin being dissolved. Syntonin however dissolves in the dilute acid more or less 
Minpletely, according to the source from which it has been obtained. Dumas and 
Cahours found that water containing 0*001 per cent hydrochloric acid caused fibrin to 
swell, without, however, dissolving it after 48 hours’ digestion. But the addition of 
a few drops of hydrochloric acid, or of ronnot, rapidly effected its solution at 36® C. 
Ibe experiments of Bouchardat seem the most reliable, and have since been con- 
firmed by V. Baumliauer (Ann. Ch. Pharm. xlvii. 320) ; they prove that fibrin is not 
a homogeneous substance, but that it is composed of at least two bodies. When 
moist fibrin, prepared from whipp<^ or coagulated blood, is stooped in water con- 
taining 0 0006 per cent, hydrochloric acid, and thereforo scarcely acid to the taste op 
to litmus, it immediately swells up and is converted into a mass of very bulky flakes. 
The swolleu vesicles are rent by prolonged maceration, and the greater part of the 
tihriu dissolves ; always leaving, how*ever, a certain portion insoluble in excess of 
the acidulated water. The soluble portion (albuminose) scarcely reddens litmus, 
rotates the plane of polarisation to the left, is precipitated in light flakes by heat, 
and yields a precipitate with excess of hydrochloric or nitric acid, with tannin, 
mercuric chloride, ferroeyauide of potassium, and possesses generally all the charac- 
teristics of egg-albumin (Gerh. iv. 46G). The precipitate produced by carbonate of 
Ammonia in the solution has the following composition (it left no ash on incinera- 
tiou) : 

v, Banmhrmer. Verdeil. 

C . . . . 62-9 

H .... 6*9 

N . . . . 16*9 

S 1-6 

0 . . , . 

Bouchardat terms the undissolved portion cpidermose, and considers it te be identical 
with the chief constituent of the epidermis and of horny substances. 

5. Xitric add turns fibrin yellow, and readily dissolves it by ebullition, forming aoi 
or:ingc-yellow acid substance, xanthoproteic acid. (Mulder.) 

fi. Coiiccntrated sul^hiric acid causes fibrin to swell, and dissolves it by heat. The 
dilute acid does not dissolve fibrin. 

7. l>lacialac///c add dissolves the granulation of fibrin, without attacking the fibrous 
f*"rtioiis (Lebonte and Gouraoens). Concentrated acetic acid immediately con- 
fibrin into a colourless jelly, dissolving readily in hot water (according to F, Simon, 
gelatinous mass does not dissolve). The acetic acid solution, evaporated at a 
(Tciifle heat, becomes covered with a film, and then a8sume.s a g«‘latinou8 appearance ; 
(he dry residue is insoluble in water. The solution is precipitated by sulphuric and 
hplrochloric acids ; also by alkalis, but the precipitate rcdisbolves in excess of tlie 
["•ocipitant 

, 3. Trihadc 'phosphoric acid renders fibrin gelatinous ; the jelly dissolves in water and 
IS not precipitated by excess of acid. Metaphospkoric acid behaves like sulphuric acid. 

9. According to Lehmann and Zimmermann, the several kinds of fibrin dissolve, for 
j most part, in alkaline salts; syntonin, however, is insoluble in dilute nitre 
i^'latioii (Lehmann). Neither arterial nor venous fibrin, when boiled in water or ex- 
to the air for some time, is soluble in nitrate of potassium. (Denis, Scheerer.) 
IG, Denis employs the following process for dissolving fibrin in nitrate of potassium : 
*~50 pts. weli> washed moist venous fibrin are triturated with | of their weight of nitre ; 
^uter equal to 4 times the weight of the fibrin employed is gradually added ; and then 
go p*. of caustic soda or potash. The whole is allowed to digest at about 37 C., with 
^nstant J^tation. The mixture first becomes gelatinous, then viscid, and, after a few 
I h'quid ; a small residue always remaining. The liquid thus obtained coagulates 
y boilings like albumin, and is precipitated by alcohol, mercuric chloride, acetate of 
jjQ-j added, the solution is precipitated by the addition of a 
quantity of water (Gerh. iv. 468). The solution, exposed for sopie time to tha 
l^j^^P^ually becomes turbid, and deposits flakes which are insoluble in the mother* 
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11. If ftbiixi lp« dlMolyed in potash, and acetic or phosphoi^ add added to th 

tion till the precipitate first formed redissolvef^ a liquid is obtamed, from 
Hakes are precipitated bv neutral salts (Panum). The pota(i-solution is preci t 
by mervuric chloride^ smphate of copper, and acetate of ^ 

12. Tannin of gall-nuts precipitate fibrin from its saturated solutions * it 

with moist fibrin, forming a hard imputrescible mass. * 

18. Ferrocyanide of potassium produces with the acotio acid solution a white nreei ‘ 
tate, which at first r^issolves but afterwards becomes permanent. It is not dSd ^ 
by diluted acids, but is decomposed by alkalis and even by ammonia. 

14. Sulphuric acid with peroxide of manganese^ or add chromate of potassium, yield, 
with fibrin the same products as with albumin (i. 67). ^ ^ 

Sources and physiological relations of Fibrin. — ^Lehmann (Chnelin's Handbveh tii! 
[2] 167), considers that fibrin is form^from albumin in the animal organism, poMibl 
by the latter taking up oxygen, a mode of formation rendered highly probablobv 
results obtained by Smeo (p. 639), in the artificial production of fibrin from albumin 
The occurrence of fibrin in the chyle is not opposed to this Tiow, partly because fibrin 
may be wnveyed to this fiuid by the lymphatics and blood-vessels, and partly because 
aU the juices of the animal body contain free oxygen (Lehmann). Neitlier is the 
formation of fibrin from albumin "by oxidation contradicted by the fact that in pm^. 
monia, when a portion of the lung is rendered impermeable to air, and consequently 
the supply of oxygen must be diminished, the quantity of fibrin in the blood is in^ 
creased The fact is, that the conversion of albumin into fibrin is only the fii-st stage 
in the process of oxidation, which, when further continued, transforms the fibrin into 
urea, and various other oxidised products, which pass into the excretions, so Miat th * 
scanty supply of oxygen which the blood receives in certain diseases, may be suffidint 
to convert the albumin into fibrin, but not to oxidise it furth(?r. 

Fibrin is not simply siiapended in the blood, as Hunb^r and others supposed. 
It is not true that it is lu>pt in solution by alkalis or alkaline salts, and that the coagu- 
lation is caused by the neutralisation of the solvent with carbonic acid from tlic air, 
since blood saturated with carbonic acid is found to coagulate much more slowly thiiri 
blood deficient in the gas, and the addition of alkaline carbonates retards or olitiri ly 
mvonts the coagulation of blood. The cause of spontaneous coagulation is not known. 
Blood st^ated in veins, and thus shut out from the air, is always much longer in 
coagulating than when there is a free access of air. Hence the presence of air sotms 
necessary for the coagulation of blood, as is rendered highly probable by numerous 
experiments, from which it has also been concluded, by trying the action of different 
gases, that oxygen is the principal, if not the sole agent. The coagulation of blood in 
closed vessels is probably due to the slow evolution of oxygen dissolved in the fluid of 
the blood-cells, and the rapid coagulation of blood in an exhausted receiver may iirise 
from the sudden and rapid evolution of the gas. {Ghnelin*8 Handhwh, viii. [2] 155-7.) 

C. Schmidt thinks that, in tlio circulation, the fibrin is combined with neutnil 
albuminate of sodium, forming an acid salt, which is resolved into its components on 
leaving the circulation. The fibrin forms the clot, while the albumin, which is preci- 
pitated from the serum on boiling, ho supposes to have been previously in combination 
with chloride of sodium, wliich remains in the mother-liquor, together with the neutral 
albuminate. {€hnelin*s Handhuch, viii. [2] 166.) 

According to W. B. Kichardson, the coagulation of fibrin is consequent upon an ex- 
halation of ammonia from the blood ; but this seems very doubtful. According to 
Lister (Ihxxj. Boy. Soc. xil 680), the coagulation is brought about catalytically by 
contact with foreign matter: whence blood remains fluid in the vessels, not becauMo 
iheir walls exert any influence opposing coagulation, but because during life, and fi>r 
some time after death, they do not act as exciters of coagulation. 

It has been supposed that blood coagulates more slowly the loss fibrin it confains; 
but this in many instances is not the case, and the coagulation of blood ap|>ears to 1^ 
modified by other causes. — The blood of amphibious animals coagulates the most 
slowly, that of birds the most rapidly. The blood of the small veins contains more 
fibrin than that of arterial bl(x>d, in the proportion of 6 : 4, so that a considerable 
quantity of fibrin appears to be formed in the capillaries, although it must be remem- 
bered that the fibrin, owing to the diminution of blood-cells, is m part only relatively 
inmased. The percentage of fibrin in the blood of the vena cam is, even when 
this blood is unmixed with the liver-blood (which does not contain fibrin), very small 
in pre^rtion to that of arterial bloo^ — about 214 : 410. In accordance with 
dat^ Lehmann considers that fibrin is principally formed in the arteries, increased m 
the capillaries, and disappoara in the larger veins (joe. cit. p. 699). . j 

4p Normal human blood contains about 2*66 per ceut. fibrin (Nasse). Blood is said 
to yield less fibrin by agitation than by spontaneous coagulation, to the amount ofp 
less (Marchal de Ualvi). Abbeille, however, says that more fibrin is obtained fiw*® 
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»U8 coa^lation, and that blood he&ted to 60^ C.' 


f ^^tation more fibrin than at the common temperatar<^, but that agitation 
“ ^ effect on the quantity of fibrin than the temperature ; blood coa^ated 

0 ^yields less fibrin than at the common temperature. It wa« found that the: 

Li f rabbits did not coagulate when carbonate of sodium or of potuBsium had pre-- 

Iv been injected into the vein. 

vILilating blood cools much more slowly than non-coagulating blood at the same 
^^^*ture The passage of fibrin from the soluble to the insoluble state is either 
of the evolution of heat, or hinders the process of cooling (Lehmann), 
^rdinc to Nasse and Poggiale, the blood of new-born children contains much less 
'than that of adults, the augmentation being especially large at the age of 
According to Nasse, the blood of women contains on the average 2*20 per 
fibrin ; according to Andral and Glavarret, the proportion increases during 
anev especially in the last tliree months. Lehmann found more fibrin in his 
^blood when living exclusively on animal diet, than on vegetable diet, a result 
Lh Nasso had arrived at by experimenting upon dogs (Gmelin^s Handhuch, viii. 

1 ). The quantity increases by fasting or by blood-letting, while tho number of 

rh^brin^o^f blood is described by Selimidt as a viscid, gelatinous mass, 

it of chf/le is distinguished from blood-fibrin by a lower degree of eoiitractility and 
not gelatinising. Like the fibrin of many morbid secretions, and that of fish, it 
letimes and especially in warm atmospheres, redissolves a few hours after coagu- 
on Lymph-fibrin is exactly liko that of blood. Glorup-Besanez (Ann. Ch. 
inn xciv 166-9) found a peculiar kind of fibrin in an infiltrated liquid 
jiined from the chest of a tuberculous patient. It swelled np in water, and 
n formed a turbid solution on being heated. The residue from the evaporated 
ition dissolved readily by a gentle lieat in hydrochloric acid of 1 per cent., but 
5 insolulde in a solution of nitre containing 6 per cent, of tho salt. Pibrin is not 

icrallv found in normal infiltrations. , , , ,, j-i*. 

The following table contains tho percentages of fibrin in tho blood of ditterent 

* Andral, Gavarret, 

Nasse. Poggiale. 

Ox 

Cow 
Sheep 
Goat 
Horse 
Pig 
I)og 
Fowl 
Goose 
Pigeon 

m el in’ 8 Handbtick, viii. [2] 188.) 

Fibrin is dissolved by bile free from mucus. (Hunefeld.) ^ .i ii- 

Fibrin is more easily digested than coagulated albumin or casein With dogs it 
pears to digest entirely in the course of three hours. Its digestibility, however, is 
turaUy influenced by the state of aggregation ; boiled fibrin is more slowly digested 
nn raw fibrin. , i j * „ a,ii 

Mulder (Jahresb. t Chem. 1869, p. 638) remarked that fibrm placed 

a little diaatafle, swelled up and partly dissolred, but after a time rMimM 

1 primitive form. He thinks this is owing to the fact that a given 

se cun only effect the solution of one and the same quantity of fibnu, w ic , 
wtase has performed its office, again returns to its former state. 

Fibrinous casts of the uriniferous tubes of tho kidney are 

•me of persons suffering feom Bright’s disease ; moreover tho chj/lous unne 

wmetimes spontaneously coagulable, from the solidification of fibrin. 

I'ibrin occurs in milk only when the latter contains Thjstn^ 

In inflammatory diseases of the mucous membranes {Ihphihcrta^ PneuTtumw^^ 
ry. Bright!! s dUease, &C.), fibrin is found in the secreted mtuius. o. js. sj, 

vaaSTAB&a. Imoluble vegetable albumin (BeTzeliiia).^ 

I'addei).— The portion of the gluten of cerSf plants, which is LS»^^^^buck 

>» gluten of wheat it ^ mixed ^th gliadin ; in that of ryo and barley, also of buck- 

with fatty and resinous substances. . . . i. , .;n ,1.. nninnffpi 

To prepare it, wheat-gluten is repeatedly boiled with al^hol,^ If i^vX^XC 
any residue on evaporation. It thrai remains m the form of a greyish white, 

T T 2 





Nasse. 

Poggiale. 

and belufond 






(^nvernge)m 




36 —4*0 . 

. 6-0 . 

. 3*6 






. 3*8 




3.0 — 3'8 . 

. 3*2 . 

. 3*2 




3-35— 3*9 

. . . . 

. 315 




2*4 — ?*85 . 


. 4*0 




3 6 —3-9 . 


. 4*6 




17 — 1*9 . 

. 2-2 . 

. 2-1 




6 ’86 

. 60 





3*4 






• • • 

. 60 
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elastic mass, still contaminated with smalf quantities of stai^ and chaff; from irti 
it may be freed by solution In dilute potash, and precipitation with acetic acid-^ 
with &t, which may be removed by subseauent treatment with ether. The glut^ 
after exhaustion with alcohol, may also be dissolved in very dilute hydrochloric acid 
which easily takes up the fibrin, and yields it as a precipitate on neutralisation ^rith 
ammonia. The hydrochloric acid solution behaves just like that of muscle-fibrin and 
is pmipitated in thick fiakes hy chloride of sodium. 

vegetable fibrin, when dry, forms a brownish hornjr mass, which recovers its formor 
cihars^r by maceration in cold water. It dissolves in aeetiCt hydrochloric, and phr,s, 
phorie acidSy in the fixed alkaXu^ and in ammonia^ and is procipitated from tlnw 
solutions on neutralisation. 

100 pts. of vegetable fibrin yield by analysis : 


Carbon 

Hydrogen 

Nitrogen 

Sulphur 

Oxygen 


Scherer.* 

a b 

Jones t 

c 

d 

Dumas and Cahours.t 
* . ^ 

Verd-iJ.j 
/' 9 

64*2 

64*2 

63*1 

'63*2 

53 4 

63*4 

53*7 

7*3 

7*6 

7*0 

7*0 

7*0 

7*1 

7*1 

16*8 

16*8 

15 6 

16*4 

16*0 

15*8 

. . 10 


ff, 0, «, / were extracted from gluten of wheat ; h from gluten of lyo, d and t hail 

b^n Ucated with diastase ; f was the same as e, but had been kept in boiling water 
for three days, then washed and dried at 140® C. ; g was extracted from rye. 

These analyses show that vegetable fibrin has essentially the same composition as 
animal fibrin. The ash does not contain any soluble alkalis. (Liebig.) 

Vegetable fibrin undergoes gradual alteration in contact with moisture, and is trans- 
formed in a similar manner during the germination of cereal grains, giving rise in the 
latter case to the peculiar ferment called diastase (p. 319). 

The green deposit which separates from expressed vegetable juices on standing, 
probably contains vegetable fibrin, but it has not been examined. 

' nSROI*2Rlimi. A basic ferric sulphate occurring in Chile in boti^'ni'ilal 
biasses, having a radio-fibrous structure and pale golden green colour. According to 
an analysis by F. Field (Chem. Soc. Qu. J. xiv. 166), it contains 31*94 per cent. SO*, 
31’l9 F6*0* and 35*90 water, whence ^e formula: 

Vv Fe»0*.2S0* + lOH’O = 

'V^'en exposed to the air for some weeks, it gives off 2 at. water ; at the heat of the 
water-bAth 7 at., and the remaining 3 at. at 250® C., leaving the anhydrous suit 
"Fo* 6*.2SO*. It dissolves partially in cold water, imparling a slight acid reaction. In 
water of 43® C., it is resolved into an insoluble yellow ochroy substance = 2Fe*0*.S0* 
■f 3H*0, soluble neutral ferric sulphate, and free sulphuric acid: 

3(Fe*0*.2S0») -i- 2H^O = 2Fo*0*.SO* -h Fo»0».3SO* + 2mSO«. 


The insoluble ochrey substance is often found associated with flbroferrite. (Field.) 

nBROZV. A substance allied in composition to horny tissue, and constituting, 
according to Mulder (Po^. Ann. xxxvii. 294 ; xl. 266), the fibre of silk and of gossa- 
mer-threads. It is obtained pure by exhausting raw silk successively with boiling water, 
alcohol, ether, and acetic acid; these solvents removing albumin, a glutinous substanw, 
fat, and colouring matter. The silk, after this treatment, is very white, soft to the touc^ 
and destitute of lustre. It contains, after dednetion of ash, 48*53 per cent carbon, 6*w 
hydrogen, 17’ 36 nitrogen, and perhaps a little snlphur, besides oxygen. The ash, which u 
iTi cntitnins lime. mflimMiifl.. ferric owide. oxide of mancan^S^t 



yiel^ a large quantity of carbonate of ammonia, water, empyreumatic oil, 
abundant residue of cnarcoaL Dilute aqueous potash does not act upon it in the^^ 
but dissolves it at the boiling heat. Strong potash-ley dissolves it, forming a 
which is precipitated by aems and even by pure water. Solid hydrate 
converts it into oxalate. Fibroin does not ^solve in ammonia or yx MoIxm ^ 
bonates. Strong sulphuric acid dissolves it in the cold, forming a thick liqiud, wm 
forms with water a solution precipitable by infusion of gall-nuts and by 
the precipitate formed by potash dissolves, however, in excess of the reagent 


* Ann. Ch, Fhann. xL 1. 
t Ann. Ch. Phys. [3] ri. 4A5. 


if. xl. ey. , „ 
n. Ch. Phxria. lTli 317 



jpiisnuiiiiJi; — FIUUS* 64 d 

amid diisol^ fibroin» th« sotution turning: brown when heated. Dry 
absorbs 7*4 m cent hydrochloric acid gae. Fibroin likewise diiraolTes in 
iiroDg ‘Kitfio odd, yielding onalic acid when heated, and in phosphoric add, 

tS organic matter of sponges exhibits the same characters as the flbrom of silk ; 
exhaustion with dilute hydrochloric acid, alcohol, and ether, and drying at 100® 

C„ it contains : 

^ C H N S P I O 

46*61 6*31 16*15 0*50 1*90 1*08 27*55 Crookewit (Ann.Ch.Phapm.xlviii. 43). 

48*60 6*29 16*15 ash 3*59 Posselt xlv. 192). 

According to Mulder, the organic matter of sponges is a combination of fibroin 
with sulphur, phosphorus, and iodine; but these elements, with the exception of 
sulphur, do not form an essential part of the organic matter. (Gerh. iv. 499.) See 
SroNoa 

rXSSOUTB* A fibrous variety of Sillimanite (g. v.) 

rXCBTBXJCTSa A fossil resin, isomeric with oil of turpentine, found together 
with konlite, at Kedwite in the Fichtelgchirg. Jt fonns small monoclinic crystals, 
melts at 46^^ C., and solidifies at 36‘^ in the cryshdline state. Slightly soluble in 
alcohol, easily in ether, and separates therefrom in tabular crystals, exhibiting the 
combination oP . +P. — P . —Poo . +Pqo, but with the pair of faces -P 
wanting on the right of the orthodiagonal, and the pair + P on the left. Inclination 
of oP : —Poo —127° 46'; oP ; + Poo =106° 26'; -P : — P(on the orthodiagonal) 

» 99° O'; +P*. +P(onthe same axis) =108° 40'; -Poo : + Poo (at the base) 
a 125° 60' (Clark, Ann. Ch. Pharm. cxix. 226). Schrdtter (Pogg. Ann. lix. 37), 
by eihauating the pine- wood found at Redwitz, which is impregnated with fossil resin, 
Mith ether, obtained xy lore tin (q. y.), which crystallised from the solution, and an 
oily mass which deposited a small quantity of brown rosin, and then a light yellow 
liquid, smelling like benzoin, sparingly soluble in alcohol, easily in ether, and hawing 
thosame composition as fichtelito; it may be called liquid fichtelite. Analysis 
gave ; 


Carbon 

Solid Fichtelite, 

Bromels. Clark. 

88*07 87*13 

Liquid FichtdiU. 

Schrdtter.'- 

88 58 

Hydrogen 

10*70 

12*87 

11*34 


98*77 

lOO’OO 

99*92 


Both those substances, as well as hartite and tekoretiu, have tho composition 
{Hamnuisbirg's Mintrakfiemie^ p. 976.) 

rxCABx^ The plant called pi\Q-w oTi{Raminculus Ficaria^ L. Ficaria ranu^^ 
ctUoidis^ Dec.), is said, by St. Martin (R6p. Chim. app. i. 426), to contain a peculiar 
subsUiico called ficarin, closely resembling saponin, and differing therefrom only in 
uot being coloured by ferric chloride. It is said to be obtained by treating the aqueous 
extract with alcohol, or tho alcoholic extnict with water, and evaporating. The leaves 
give only traces of it, the tubers more, and the roots a still larger quantity. 

The plant is also said to contain an acrid volatile acid, easily decomposed by heat> 
and probably occurring in all plants of tho ranunculoccous order, 

KCABZir. See Ficabia. 

^OlirXTll. See ViviANnit 

The stems and branches of plants of this genus yield a viscid milky Juic^ 
JJntainmg caoutchouc or resinous substances resembling it : caoutchouc is most abun- 
^Uy ooutainod in the juice of the stem of Ficus elastica, from wliich a considerable 
°f the caoutchouc of commerce is obtained. 

The milky juice obtained firom the young stems of the common fig-tree {Ficus caricu) 
^ an aromatic odour, and sharply aromatic, bitter taste, reddens litmus slightly, docs 
coagulate when boiled, but deposits a white viscid substance. It contains an 
Poriferous substance, serin, a very small quantity of a hard resin insoluble in ether, 
^etchouc, a deliquescent extractive matter having a sharp, bitter, nauseous taste ; 
^ gum, ^bumin, sulphates, chlorides, the salts of vegetable acids, and a firee vege* 
AWearid, (Geiger and Eeimann.) 

ihe juiee which exudes fiK)in the milky husks of green figs contains cenn, a resin 
a sharp burning taste, and a substance like caoutchouc. On exhausting^ -the 
with alcohol, and distUliBg the alcoholic extract, an acrid distillate is obtained, 
deposits crystals ; the rmdue is a resin quite free from acridity (Landerer.) 
figs contain, apoording to Bley, fat, sugar, extractive matter, chloride of caleiiini^ 



• gait oT phospliode add. vegetable fibre, add (?) Beed-gmng. iSoeUedct't Ph Jtx^ 

p.203.) 

The milky juice of the young branches of Ficua elaatica oonixim Tiscin (a ductiU 
soft resin, insoluble in alcohol), resin, wax, gum, extroctive matter, and a lime-Bilt 
That of the stem is similarly constituted, but contains caoutchouc instead of Tiscin’ 

(Nees V. Esenbeck and Clamor-Marquart.) 

The fresh acid creamy juice of Ficua avlvestria (St Hilaiw), and F, doliaria (Marti 
South American species, dries up in the sun to a reddish-yellow elastic mass, re- 
sembling cutta-percha, easily soluble in ether and chloroform, nearly insoluble in 
alcohol. The fresh juice, when filtered, leaves on the filter a white leathery muss, con- 
taining a substance resembling caoutchouc (amounting to 11 -1 per cent of tbe entire 
juice), an amorphous substance (5-2 per cent.), and a granular substance (0-47 p^r 
cent) soluble only in hot alcohol and ether, a substance (1*16 per cent.) soluble in 
cold alcohol and ether, a resinous bitter substance (0*2 per cent.), and a waxy substance 
(0*3 per cent) The filtered light brownish liquid contains 4 per cent of a substance 
resembling uncrystallisable sugar, and a gummy substance soluble in water (togetlier 
with the salts of an organic acid, albumin, tannin, and a small quantity of a free 
organic acid, in all 17 0 per cent). Peckolt (Arch. Pharm. [2] cv. 31; Jahresber 
f. Chem. 1861, p. 743). 

Ficua ruhiginosa, an Australian species, yields a resinous exudation, resembling fu- 
phorbium in appearance, varying in colour from dirty yellow or red to almost white, 
K)lid, generally brittle, but tougli in the interior of laree pieces, opaque, with dull ami 
wax-like fracture; at 30^ C., it softens and becomes plastic, like gutta-percha, but not 
sticky, provided it has been previously wetted with water. In its natural state, it has 
neither taste nor odour, but evolves an odour like that of wax when heated, and e\'ino(s 
a characteristic taste on being masticated. It is quite insoluble in water, either hot 
or cold. The greater part of it is soluble in cold alcohol, and a considerable portion of 
the remainder in hot alcohol, and by treating it with these solvents in succession, it 
piay be separated into the following constituents : 

Eesinous substance, Sy core tin, easily soluble in cold alcohol . . . 73 

White crystalline substances, chiefly Acetate of sycoceryl, C*H*O.C®H®0, 
insoluble in cold but soluble in warm alcohol 14 

Caoutchouc, frjigmonts of bark, sand, and loss 13 

Warren de la Rue and Hugo Muller (Chem. Soc. J. xv. 62). See SroocEUYL ami 
Stcobbtin. 

* VXaUOXTB* A massive mineral, resembling grey antnnonial copper, from the 
neighbourhood of Coquimbo in Chile, soft and unctuous to the touch, with dark 
ttreenish-grey colour, and red streak. An analysis by Field (Chem. Soc. Qu. J. 
XV. 332), gave : 

s Sb Aa Cu Zn Fo Ag 

" . 30-35 20*28 3-91 3672 726 1-23 0*07 = 9982; 

whence Rammelsberg p. 993) deduces the formula 4 ]VPS.Sb'%S* of 

M*S.2M*SbS*, the antimony being partly replaced by arsenic, and the symbol M stand- 
ing for Ccu, Zn, and Fe. 

nOUHB STOISTB. See Aoalmatolite (i. 60). 

nueXO ACZB. C'®H'*0* or <7*W*0*® ? (Luck, Jahrb, pr. Pharm. xxii- 
129; Jaliresber. f. Chem. 1861, p. 668.) — An acid obtained from the root of the com- 
mon male fern, Aamdium Filix maa. The extract of the root (eroecially of that 
/collected in autumn), prepared with anhydrous ether, and concentrated to an otly con- 
sistence, deposits the acid after a few days in the form of a greenish-yellow 
a yellow crust, which may be purified by washing with a mixture of ^cohol and etner, 
and recrystallisation from ether; or the impure filicic acid, after washing with ether- 
alcohol and pressingt may be suspended in warm alcohol, and dissolved by ^dition oi 
a little ammonia, the solution mtered, the filtrate being allowed 
hydrochloric acid, and the washed precipitate treated with warm alcohol of ov P®* 
cent, till it no longer colours the alcohol 

Filicic acid thus prepared is a whitish-yeUow or light, yellow crystalbne 
insoluble in water, weak alcohol, and acetic acid ; sparingly soluble in staong wcono , 
mote soluble in ether (especially in presence of a small quantity Iji 

Bolutwn reddens litmus. It dissolves also in fixed oils, oil of turpentine .and ’ 

and very easily in sulphide of carbon. It melts at 161® 0., aiid solidifies 
amorphous state; decomposes at a higher temperature. Luck expresses itscoroiw 
lotion by the improbable formula C**H‘*0*. 



TTtAMEtmC ACID^PIUX. 


«4T 


rtiicio acid dissolT^ rMiljr m alkalis The sodium^ali forms an amorphous 
ma«^ whose solution yields with neutral acetate of lead, a jellowish-Wte 
riiidf precipitate, which, when dried in vacuo (as were also the followuur substances V. 
L iicoi^ng to Luck, the composition ; it aho^ perhaps i;e 

C»JP^PbO'^t or C**H**PbO*. 

C**H**C10*, or Cr*B.^*ClO^^ (?), produced, with evolution of hydro* 
chloric acid, by the action of chlorine ^ on solid iilicic acid, is a turpentine-like 
mass, which, after solution in alcohol and spontaneous evaporation, separates in yellow- 
brown amorphous drops. The alcoholic solution forms with acetato of lead, a loam- 
coloured precipitate, which contains accordinR to Luck ; more 

probably C**H'^PbC10*. When treated with strong alcohol, it gives up port of its 
Icid. Trichlorofilieic oHd, C»H‘-CI*0» or (?), is obtained by the action 

of chlorine on ^icic acid suspended in water, as a yellow powder insoluble in cold 
water, but soluble in hot water, and in alcohol, ether, and oils, both fixed and volatile. 
Its alcoholic solution forms with acetate of lead, a loam -coloured precipitate coutaininu 
(Luck), more probably C**H*“PbCl*0\ 

rxXJnMCBUSlO JLOZXS. See Filipblosig Acid. 


l*XUnMffililSX*SITXdPHUlfcXO j&GXXS* Filicic acid dissolves without decompo- 
sition in cold sulphuric acid of ordinary strength, but by triturating it with fummg 
sulphuric acid, a solution is formed which, when dropped after a few hours into a dilute 
solution of sulphate of sodium, yields a precipitate of filimelisi-sulpliuric acid; this, 
when purified, forms a golden-yellow powder, somewhat soluble in water, more soluble 
in alcohol and ether. Its barium-salt is amorphous, of red-lead colour, soluble in 
water. The formation of the acid as above described, is attended with that of butyric 
acid. Luck {loc. cit.) assigns to the acid the formula (P*W*CP.SCP, and to the 
barium-salt, liaO.CP*H}^CP.SO^^ both of which are improbable. 

rxXiXPSX.08Za .acxix. or (?) (Luck, loc. Obtained bv 

dissolving filicic acid in warm, very dilute potash-ley, exposing the solution to the aif* 
for a week, and precipitating the filtrate with dilute sulphuric acid; purified by 
washing, drying, solution in etbcr-alcohol, and spontaneous evaporation. When 
filicic acid is heated for some time with dilute alcoholic ammonia to 80° or 100° 0. 
out of contact with the air, the liquid then precipitated by dilute sulphuric acid, and 
tlio precipitate purified as above, Luck’s filimelisic acid is obtained. 

The product obtained by the first method, is an amorphous loam -coloured powder; 
the second yields an ochre-coloured powder, composed of microscopic spherules. Both 
are tasteless, insoluble in water, soluble in alcohol, ether, oils both fixed and volatile^ 
and sulphide of carbon. 

Luck regards the two products thus obtained as diiferent, assigning to the ibrmer 
{his filipelosic acid) the formula and to the latter (his JUimelisic aeid\ the 

formula though they agree in their properties, and in the compositioit of 

their lead-salts, that of the former yielding 31-96 per cent, lead-oxide, and that of th# 
latter 32-62 per cent.; the formula C**II**Pb'’0®.2H*0 requires 33-7 per cent, lead* 
oxide. 

Chlorojilipdosic acid, 2C*^H**C10* + H*0 (?), is a light brown amorphous substance 
formed by the action of chlorine on dry filipelosic acid ; and JHckloro/ilipelosic acidf 
(?), produced by the action of chlorine on filipelosic acid suspended in water, 
is a loam-coloured powder, whose lead-salt appears to contain Pb"H*0*.C**H’*Pb'*CP0* 
+ Jaq. (?) (Luck, loc, cit,) 

nZiZaLOZiZirzo and rzXiOSlMmXC JLCZBS. When a recently prepared ethe- 
fjal extract of the root of Filis mas is diluted with a little ether and idcohol, and then 
sh^en up with twice its volume of water and a little ammonia, two layers are formed 
"ter a while ; the lower of which is bro-vna, and is said to contain filicLo or ftlimelisio 
»cid, while the upper, which is dark meen and oily, yields a transparent oil, green by 
wflected, Colombo-red by transmitted candle-light, and remaining liquid even at ▼©rf 
h>w temperatures. This oil is said to yield by saponification a non-volatile acid, 
^Hxohnic acid, (harium-salt, BaO. and after siroomficafionii 

yolatile acid, filosmy lie acid,, whose barium-salt contains (Luck, 

ctt.) These, like the formulas assigned by Luck to most of the preceding com- 
P°’inds, are very improbable. 

VfAXax. The root of Aspidium FUisfosmina (A), and of Aspidium FUix fM$ (Bb 
^ the frond of the latter (C), all in the dried state, have been analysed by H. Boelt 
Pham. [2] Ixv. 267 ; Jahresber. f. Chem. 1861, p. 667). The resnlte aM 
©▼en in the following table ; 





.... ..... 





'• ■ A.' - 

'.B, 

C. 

Volatile oil • • 

• 




0-02 

004 


Fixed oil . • • 

• 




P2 

00 


Stearin . . • 

• 





1*0 


Resin 





0-4 

4*0 


Wax. 








Vegetable gelatin 





i-3 

0*4 


Gum . . , . 





20 

3*3 


Albumin . 





6*0 

3*6 

6*4 

Mucus 





. , 


6*7 

Starch 





76 

10*6 


Sugar 






no 


Pectin 





4*6 

21 

3-6 

Chlorophyll 







8*7 

Tannic and gallic acids 





11-9 

ioo 

no 

Fibre containing starch 





1-5 

1*6 


Ash .... 





4-94 

2*1 

50 

Woody fibre and loss. 





60*24 

45*06 

60-2 






10000 

10000 

1000 

0 ash contains : 








Silica 





0-2 

0*01 

0*2 

Sand. 





0-9 



Sulphate of calcium . 





0*3 

0‘U 

0-3 

Ferric phosphate 





008 

trace 

01 

Pliospliate of calcium 





01 

016 

0-4 

Phosphate of mngiiesium 





, . 

0-04 


Carbonate of calcium . 





1*2 

0*94 

1-3 

Clilorido of sodium , 





01 

0*04 

0'3 

Chloride of poUissiiim 





0-4 

0-22 

0-0 

Carbonate of potassium 





1*3 

0*5o 

1*5 

Loss .... 





0-36 

0 03 

0'3 






4*94 

210 

50 


' Tho graimlar deposit which gradually settles down from the ethereal extract uf tho 
root of As-pidium FUi^ maSy and was formerly observed by Trommadorif and is 
regarded by Bock as the more solid portion of the fixed oil. According to Luck, it cou- 
siats chiefly of filicic acid (ii. 646). 

The decoction obtained by boiling fom-roota with alcohol yields, on addition of 
Water, a little hydrochloric acid, and sulphate of sodium, a precipitate coutuinijig t\v<> 
tannic acids, viz. ptoritannic and tannaspidic acids (o', t;.) 

MXiT&ATZON’. Tho separation of a liquid from solid matter suspended in it 
by passing through a porous substance which retains the suspended matter, but allows 
, tne^^nid to pass through. Various materials are used for tliis purpose, according to* 
the pature of the liquid to bo filtered ; viz. paper, linen, calico, woollen cloth, sand 
flue and coarse, pounded glass, charcoal, &c. ; but for analytical operations, and for 
fhost laboratory preparations, the material used is unsized paper. For straining viscid 
liquids, such as syrups and white of egg, which will not readily pass tlirough paper, cloUi 
filters are used ; and corrosive liquids, such as strong acids and caustic alkaline solutions, 
miw' be filtered through pounded glass. 

raper for filtration must be sufficiently porous to allow liquids to pass through it 
quickly. The degree of porosity required varies of course with the particular pipposo 
to which the paper is to be applied : for analytical operations, it must bo sufBclently 
dose-^ined to arrest the passage even of very fine solid particles. In some manu- 
&ctones» the requisite degree of poroaty is given to the paper, by leaving the wet 
sheetii to fireeze at a winter temperature; the expansion of the water in freezing, 
i^at«B the fibres of the paper from one another, and gives it a regular porosity which 
cannot be attained by any other method. Paper which filters slowly may be improved 
in quality by this treatment. 

All paper contains a certain quantity of inorganic material, and mostly leaves, when 
{ncinerat^ a quantity of ash sufficient to induce appredable error in analytical ope^ 
iiqne. Hence it is necessary, either to remove the inorganic matter by digesting tw 
is dilute nitric acid, and afterwards washing them thoroughly wiUi distiUea 
water, which is a tedious and troublesome operation — or else to detOTOne the qua®' 
ity ash left by the filter and allow for it. For this purpose, ten or twelve filters « 

Hck me used in the laboratory for analytical purposes, should be burnt, the ash of caett 



filtration: 


e4£» 


tVie Quantity of aoh left by an individual filter thence calculated, and a 

tof thoresulte. 

p^rdkept^ may, however, be saved, and analytical operations greatly facili- 
the Swedish filtering paper, which is prepared at Fahlun and Lesse^ 
tftteo, uy “f ® nearly as pure as distilled water. This paper, besides having 
^itb a tering very quickly, being prepared in winter as above mentioned^ is 

the y inorganic matter, giving up scarcely anything to dilute adds, 

gin^ariy incinerated only 0-2 per cent ash. A sample of this ash analysed 

vJ^iSamour yielded 63*23 per cent, silica; 12*83 lime; 6*21 magnesia; 2*94 

of^two forms, pkin and folded. They are sold ready ent in circles 
Paper make a plain filter, it is only necessary to fold the paper twice, 

oivario . of a quadrant; and this when half opened, forms a cone 

Wangle of 60^; the funnel on which the filter is laid, should 
II ‘Xrelto have its sidef inclined at 60®. For collecting precipitates which ^ U> 
“^^pn*'ards removed from the filter by washing or otherwise, the plain filter is 
r ^wllv the best form ; but when the precipitate is only a refuse nroduct, or need 
from the filter, and the principal oCject is to filter 
^'nlklv f3ded filters are to be preferred, because the folds leave channels between the 
liptT and the surface of tho funnel, which facilitate, the passage of the liquid. 

^ The following method of making a folded 


Fi(/. 479. 
m 



me louuwiuji -o 

filter is niven by Mohr (Lehrbuch der phar- 
.,.,ccuti^hcn Tichnik, p. 217). The circular 
f ;t.r is first folded in halves along the lino 
: d ( fig. 479). and then in quarters, making 
iho fold wt. The filter is then again half 
, p.'ne(l, as in the figure, and a is hud on w, 
the fold b, also a on w, forming 6 . 

N\at UIH laid on b\ forming c, and a on 6, 
tMiuiiiig 0 * ; then a is laid on />, forming d, and 
on h\ forming d\ All the folds thus pro- 

ir'.s rfrv.“5'.h,.g .. ^ a... u » >«»«■ 

....kigZfoin-’then . as tl.ey li« toother, -f, mlS? -d 
t„ mkiiig $;adb is laid on m in the fold b and t^ned X^foUs^ 

thm’fore he made halfway, between a and a, imd between much eaglet to do 

ttltcmate folds will be in contrary directions. The whole thing is much easier to 

^'’AfoldXmter of simpler construction, and ®^X^s'fl^^fold^'to 

for most purposes, is made as follows. Tho circular dis p P turned OTer 

halves and quarters as before. It is then half opened iw m >!£. 479 , o m tura^ OTor 
to m, mailing the fold b, and o' to wi, making A' ; then a 

a' to i', making <f ; lastly, o db is turned the fS^ a^ found to be alter- 

buck wards tom, makings. On opemng the filter, all tne ^ ^ 

nata m direction excepting a d and a' d\ between which inter^^^^^ 
made as before. Folded filters fit best into funnels of .^P^ened all over with 

Before collecting a precipitate on a filter, the Mter of the precipitate, 

water or alcohol, as the case may be ; also advisable to leave 

are very a^t to run through and render ^ a considerable extent, then 

the precipitate to settle down in the precipitating vessc precipitate upon it, 

to pass the clear liquid through the filter, and Kf^ftcr boiling. The size of 

<«ee Decantation, p. 308). Most precipitates filter best af^r boiling. 

hie mter should be such as to leave at least ha^^ precipitate are very 

vhole precipitate is collected ujpon it ; otherwise, portio P 

apt to creep over the edges during washing. . . *0 use as little 

In wualfing precip^tes for T^iantitative a ^ 

Water as possible, as the evaporation of w^h-waters “ J. water, to let the last 

'are should therefore be taken, after adding each 1 ^ be tested ftom 

^P run through before adding any more, and t lie • 



Um to time by eraporating a drop of it on platiiium-foii, w wsamng being coming 
till a drop thus OTaporated leaves no residue. It must not be lor^tten, however, that 
many precipitetee are slightly soluble in water, and, therefore^ the wash-water which 
runs from Aem will always leave a trifling residue. In such caset^testing with n*! 
agents must be resorted to. .... .. . 

When the quantity of water used for washing is immaterial, as in moiFt preparationi, 
a continuous mode of washing may be adopted. There are many ways of effectioR 
this. The simplest is to fill a flask with water and invert it with its mouth dipping 


JVy. 480. 481. 



beloW the water in the Alter, supporting it on a stand, as shown 4S0. Ah tlio 
liquid by filtration falls below the lip of the bottle, air will enter, and let down u tresli 
supply of water to feed the filter. , . 

Another convenient apparatus for continuous washing is the siplion-hotUe, sn 
/fe. 481. The bottom of the bottle is placed on a level with the surface 
in the filter; air is blown in through the tube m till the siphon-tube a is fillecl w.m 
water ; and m is then drawn up to such a height that air-bubbles may pass tliroug i i 

as the liquid sinks in the filter. 

482. Liquids holding in solution snbstancps 

which separate out on very slight 

a a of temperature, often require to be filtered a 

the boiling heat. For this purpose the 
funnel containing the filter is placed witluii 
mfff a double funnel 482), closed on all side^ 
excepting at the apertures a a, one o 
pounng in water, the other for the escajx 
MpW oI vapour, and having on one side a pro 

jeeting tube clored at b, to 

miff applied by a spirit or . .v- 

water or oil according to 

temperature required. 

@ Water for economical purpe^ ®*y . 

II freed from turbidity by filtering throi^h 

II sand. A largo earthen flmnel, or 

II bottom beaten out, 

II neck loosely stopped with -^ip, 

™ which smaller stones ^ 

porting layers of gravel increasing in fineness, and lastiy jg superior 

* tow with fine sand, all thoroiSly cleansed hy washing. ^ 

to a filtering stone, as it will deanse water in large nnnsr stratum 

renewed when the passage is obstructed, by takii^ out and washing PP®*^ 

"^r^^ilar method bused for iltwtionof^terontbel^M^^ 

Omaiti of Chemutry, 2nd. ed. voL i. p. 317 s »W the Mtid* Fn.«An« 



T)!riiotutrv 3fawt(/ac<«w, and Mines, ii. 200, which likewise ocmtafaui vmr 

details relating io filterint in manii^^ V; 

^OltSTBa Pearl sinter . — yariety of opal, occurring in the eayities of volcftitki 
tofo, in smooth' ^ “id botryoidal masses, having a pearly lustre. 

jiXMBXiBma. A n^eral containing 62*3 per cent, silyer, together with sul- 
nhur and anljmony* found in the Kurprinz mine, near Freiberg, and at Andreasberg. 
Forms delicate monoclinic crystals muped like stilbito. Hardness - 2, specific 
•fy ^ 4*2 — 4*3. Lustre pearly, adamantine. Colour hyacinth-red. Translucent 
SectUo and somewhat brittle. (Dana, ii. 88.) 

SiXM-CU.Ti Fire-clays aw hydrated silicates of alumina, capable of resisting 
exposnro to high tenij^raturcs without molting or becoming in a sensible degree soft 
or pasty. Thw occur immediately below the several seams of coal in the carboniferous 
forniatioD, and would appear, from the frequent remains of Stigmaria which they 
contain, to represent the soils of those luxuriant forests, which by heat and pressure 
hsre been converted into coaL 

Tlie plasticity of clays depends upon the combined water which they always contain, 
and which is expellrf at a red heat. Hence, a clay once burned, rocovers none of its 
plasticity when wetted. 

The relation of the silica and alumina in fire-clays is very variable, as is also the 
amount of silica which exists in them in an uncombined condition, or as sand. Thus 
in five Oennan clays examined by Dr. Percy, the total percentages of silica existing 
as sand, as hydrate, and in combination with bases, were as below : 



i 

a 

3 

4 

5 

Silica as sand . 

66-95 

47-40 

16*20 

29-63 

18-29 

„ as hydrate . 

1-39 

1-06 

1-05 

•91 

•98 

„ combined with bases . 

18-69 

26-98 

45*63 

37*74 

46-53 

Total silica . • 

7703 

76-44 

62*78 

68-28 

64*80 


The most celebrated and refractopr fire-clays are those obtained at Stourbridge, iir 
Worcestershire, and there extensively manufactured into furnace-bricks of all kindi^^ 
fTjis-re torts, glass-house pots, &c., the very finest and purest samples being alon^ 
devoted to this last application. The clay, as brought from the mine, is sorted into 
qualities (best, seconds, offal, &c.), according to its appearance and the size of the 
lumps, all such portions as exhibit streaks or spots of iron pyrites or other metallie 
Bubstauces, being rejected. 

A pure silicate of alumina is the ideal type of a pure clay, and the nearest aj^roach 
to this standard is presented by some of the French clays, of which analyses are given 
Ixilow. The impurities commonly present are oxides of iron, lime, magnesia, and the 
alkalis ; frequently also small quantities of organic matter, tho occurrence of which ia 
u.sually unimportant, as it is burnt off in the process of firing. 

The silicates of alumina are, as is well known, almost infusible, while tlie double 
silicates of alumina with other bases are readily melted at a comparatively low tem- 
perature. The importance of selecting clays free from the.se impurities is, therefore^ 
obvious, since the fusibility of the substance increases directly with their amount ; it 
is found in practice that 4 or at the most 6 per cent, is the maximum of oxides of iron, 
lime, nuignesia, and alkalis together wliicn can be present without rendering the 
mineral useless for its finer applications, while the samples most sought after conta^ pot 
more than from 2 to 3 or 3^ per cent, of those bases. It is also found that tho presapoA 
of a certain percentage of silica is essential to constitute a “strong’* clay, while any 
considerable increase in the proportion of alumina tends to produce a “weak' 
deficient in cohesion and unable to stand the severe tests to which it is subjected lia 
llm manufacture. 

It may be here observed that tho colour of a raw clay generally presents no indi- 
cation whatever of its value, tho variations in its shade being caused by minute quan- 
tities of organic matter. Neither does the colour of a burnt clay afford by any means 
an accurate criterion of its quality ; for although the presence of a laj^e qmmtity of 
iron is sufficiently palpable, the other and equally injurious impurities produce no 

offect upon its tint . , ^ i 

A firebrick or pot of good quality and properly burned, is nearly white, ot of a pale 
cream or pinkish colour, free from black spots ; the colour of a potsherd or fragment of 
a glass-house pot, after exposure to the intense heat of the frmace for many weeks, 
’Approaches to dark grey, or black, the fracture being almost vitreous, and the texture 
<^mpact. A brick or tmt which has been exposed, as, for instance, in the crown of a 
glass-house ftimace, for a shorter time, presents, upon the face next to the fire, too 





i^me dppeasMiiod as a potslierd, gradually chan^n^ from thl surfaco 

bwg replaced first by a reddish colour, and finally ^ the shade of thTbnc^ 

.OT' JK>t. ■ ■^[.. 'W./'-.-.. 

It it probable that the first effect of heat is merety to pex|(md^ prodnciiup 

a red colour, while the application of a continued higher 

pem with a corresponding development of the dr ^y^'Oplour of the 

^cate of ^uminium and iron, and poasiply a red notion of state of 

'magnetic oxide, 

The drymg and burning of the clay is attended with a considmt^ - diminution of 
bulb, and it becomes a matter of much iiifiportance to reduce this shrinking to a mini* 
mum ; a result effected by the admixture with the tempered clay of a certain quantity 
of calcined clay and potsherds ground to a coarse powder. The proportion of potsiiorda 
and calcined clay added to raw-clay varies much, according to tne plasticity of the 
latter, and the judgment of the manufacturer. A proportion of ^ potsherij to the 
raw clay is adopted by many. " ^ 

The importance of this admixture was well illustrated in a rec^t trial, in which tiio 
defendant alleged that the quality of clay supplied to him by the plaintiff was 
inferior, while the plaintiff affirmed that the destruction of the crowh of the arches in 
defendant's glass furnaces was the natural consequence of his using an unusually and 
improperly small amount of potsherds, whereby the shrinking had been increat'ed, and 
the fissures thus produced between the bricks had acted as points d^appui for the 6re, 
at which fusion had taken place. The consequence was the production of droppin^rs 
or “ tears " of melted clay, which had fallen into the glass below and destroyed it in 
large quantities. 

A brick manufactured from best Stourbridge clay, without admixture of potslicrils, 
and 9 inches in length, contracted on burning J of an inch, and subsequently, afirp 
21 days exposure to a white heat more ; a very fine clay from Tamworth (No. 9 in 
Table II.), rich in silica, contracted only ji of an inch ; while an inferior and highly 
aluminous clay, soapy to the touch and extremely plastic, shrank under like circum- 
stances IJ inch. 

^ Tables L and II. exhibit the composition of several firo-clays, British uud 
foreign : 

' ^ , Tabla I. — Composition of Continental Fireclays. 


1 ■ 1 

F<»rH:ei 
(let £iiux. 

St. 

AmRRU. 


Derthlcr, 

Berthicp. 

Silica .... 

73 

73-3 

Alumina . . . 

27 

240 

Sesquioxide iron 
Magnesia . • . 
Lime . . . . 

trace 

2*7 

Water, combined 


• • 

do. hygroscopic 

• • 

' 


I1f;sslan 

crucibles. 

Ilertliler. 

Belt’ll, 

Ardeimet. 

Sulv§iut. 

Doiirdan, 
Seine >t't- 
Oiiie. 

Salv6tat. 




70-9 

24-8 

3-8 

trace 

• • 

63'67 

27-45 

•16 

trace 

•56 

8-64 

1-27 

60-60 

26-39 

2-50 

’ -84 
9*20 



. Biley (Chem. Soc. J. xii. 13; xv, 311) has shown that nearly all clays contain 
small quantities of titanium, which may detected and estimated by tr^ting the 
inlica (separated in the usual way by fusion) with carbonate of soda, and with hydro- 


3eti^ of the method, see Siucon Aia> TirAniuH.) 


Fire-brick, 


V ; ” Stourbridge 


Wortley; Xieeds v . . 

Haward^ Korth Wales • 
Yellow Ikmdou day . 
Ewell brid^ Burm . • 

Dinas brick, Bouifii Wales . 
Black Alder^ I)irv<uishiie . 


hydride, TiO*. 

(For the 

de in several sainples of 

SiO< 

TK)* 

6511 

1-06 

63-42 

106 

60*49 

0*60 

60*60 

0*42 

65*86 

0-67 

62*96 

0*96 

■ 62*89 ' 

0-69 

64-62 

0-60 

91*84 

trace 

94*33 

trace 

76*16 

trace 








in TT n^noMititm ofvarUnu Englith Fireclays, as compared vrith ordinary Brick-Clay, and vith the Ash of a highly earbomsed Btiuminot 
XtBLB IL-Oompostiton ofvaruw Jsngttsa rtr g^^ring in close proximity to the Fire-clay. 


FIRE-CLAY. 6 ^ 





MUi-BAMIP. The explosive mixture of inareh-g&s and «b» VrlM accunittlftf 
in eoal-mmes. (See Coal.) ^ ^ 

TXMW^OWAJm. See Opal. 

anOM-BTOlTB. A stone which will hear the heat of a fiuinac^ without miury 
The term is generally applied to the sandstone occurring at the top the upper 
sand in the south of England, which is fi^quently used fwr lining Imns and foni^ 
(See Ure*8 Dictionary of Manufactures, &c. iL 224.) ^ 

nxa-WOSX8. See Fyrotboukt. 

imUi-WOOB. See Wood. 

BZBOBBmXTB. Native phosphate of aluminium from Nisehnc Tagilsk. (Seo 
Phospuatbs.) 

aPZSB-OXB. See Oils. 

Ttxxn ASMm Carbonic acid gas. 

nacZTT. The converse of volatility. 

l*BaJCB-WHZTB. A term applied indiscriminately to pure white load, and to 
basic nitrate of bismuth. 

VZ.AMB. The nature of flame, and many of the conditions on which its heatinfr 
and illuminating power depend, have already been considered in the article Comih .s^ 
TION (L 1094-1102). We have here, however, to give an account of the results obtuiucM 
by Fmnkland respecting the manner in which the heat and light of flames and r^f 
burning bodies in general are aflfected by the density of the surrounding air. (Phil. 
Trans. 1862, p. 629 ; abatr. Proc. Roy. Soc. xi. 137, 366.) 

Bate of Combustion, — From comparative experiments made on the combustion of 
flteaiin candles on the summit of Mont Blanc and in the valley of Chatnounix, and 
frma further experiments on the burning of candles and coal-gas in artificially rsmflod 
atmospheres, it is found that the rate of burning of candles and otlior bodies, tluj 
flames of which consist of matter volatilised, and subsequently burned in contact witli 
the air, is not sensibly aficcted by the pressure of the medium which supports tlio 
combustion. But in self-supporting combustibles, like the time- fuses of sliells, tlio 
rate of combustion depends essentially on the pressure of the medium in which they 
are deflagrated. This fact was first pointed out by Quarter-master Mitchell, an 
artillery officer stationed in India, who found that the fuses of shells burnt longi'r 
at elevated stations than when ignited near the sea-level. From his observations, and 
from exp^iments performed by Dr. Fpnkland on the combustion of tinit;-fu.ses in 
artificially rarefied air, it is found, that in the combustion of shell-fuses, the merements 
of tme are proportional to ike decrements of pressure, each diminution of one inch of 
barometric pressure causing a retardation of one second in a thirty-second fuse ; or 
each dimin ntiQn of atmospheric pressure to the amount of one mercurial inch in- 
creasing the time of burning by one-thirtieth,. 

TUs remarkafole diflference in the influence of atmospheric pressure on the rate of 
combustion of candles, &c., on the one hand, and of self-supporting combustibles on the 
othezv arises fix}m the diflTerent conditions of combustion in the two cases. In the 
combustion of a candle there is, at all ..pressures, a sufficient supply of combustible 
matter kept up at the base of the exposed portion of the wick : for the capillarity of 
the wick u not affected by pressure, and the temperature of the flame remains nearly 
instant, the greater mobility of the gases in the rarefied atmosphere compensating for 
^ smaller number of particles of oxygen within a given space: hence the rate of 
. ^mbustion is, within certain limits, independent of the pressure. In the fuse, on the 
cpntraiy, the composition contains within itself the oxygen necessary for its combus- 
tiQ])i^ and a certain degree of heat only is necessary to bring about chemical combina* 
iijon. If tHa heat were applied simultaneously to eveiy part of the frise-composition, 
the whole would bum almost instantaneously. Under ordinary circumstances, how- 
era, jflie frise bums only at a disc perpendicular to its axis ; and the time occupied in 
its deflagration depends on the rapidity with which each successive layer of the com- 
position is heated to the temperature at which combustion takes place. This heat 
neeassary to deflamtion is derived firom the products of the combustion of the layer 
inunedktely preowinft and the amount of heat thus communicated to the still u^ 
burnt layer, depends in a great measure, on the number of particles of these heated 
pvpdueta whidh come into contact with that layer. Now; as a large proportion of 
those products are gaseous, it follows, that if the pressure of the surroimdmg mediuia 
be dunlnishe^ the number of ignited gaseous particles in contact at any one moment 
With thestill unignited disc ^composition will also be diminished. Hence the slower 
fito Of deflagration in rarefied air. 



FLiVIN— FLAVINDIK. m 

<*« Lwminotitjf of tlie sw^t of Mont Nana 

bamed with a ^ fseWe light, and aab^nent ezperimenta wth mdinair 
Mgl.gs8| wd with naphthauB^ gaa (which has twice as tnucii iUuminatiDg power as 
commoD coal-gas), m artifieiailv atmospheres, have shovm that the brightness 

of ordinary flames increases and finishes with the pressure of the supporting medium, 
and that when air is larefled, from the ordinary atmosph eric pressure down to a 
pressure of 14 iheto of mercury, the l^ht of the flame decreases in exact proportion 
to the density of the air ; below this limit, the luminosity diminishes at a somewhat 
lower rate* Between the limite of pressure abowe mentioned, the amount of diminu- 
tion is expressed by the following law : Of 100 units of light emitted ^ a gae-flame 
burning in air at a pressure ofZO inches of mercury ^ 6*1 units are extinguished by each 
reduction of one mereurial inch of atmospheric pressure^ 

Under increased pr^ure, the b^htness of a flame fed with amylic alcohol, was 
found to increase in direet proMrtion to the pressure, up to a limit of 2 atmospheres; 
beyond which, the increase of light was much more rapid, and attended with a great 
deal of smoking. 

The cause of these variations of luminosity is as follows. The light of ordinaty 
flames is derived almost wholly from the separation of carbon particles within the 
flame, and is increased by the auginentation of the amount of carbon thus precipitated* 
and by an increased temperature in the flame *, whilst it is diminished by the se- 
paration of less carbon (and, therefore, cceteris paribus^ by more complete combustion) 
and by a reduction of temperature. Now Davy found, and his conclusion has b^n 
confirmed by Frankland, that, within certain limits, rarefaction and compression do 
not exert any considerable influence on the heat of flame : in fact, though the tempe- 
rature produced within the flame is lowered by rarefaction, the escape of heat from its 
exterior is hindered by the same process, the result being that the actual temperature 
undergoes but little alteration. Hence the loss of light in rarefied air does not proceed 
from reduction of temperature. Neither is it due to imperfect combustion : for the 
gases evolved from a candle-flame, burning under a pressure of only eight mercurial 
inches, are found to have the same composition as those from a flame burning under tlie 
ordinary pressure. On the other hand, the separation of carbon particles is augmented 
by increased pressure. Candles evolve much smoke when burnt under a pressure of 
two atmospheres ; and even a small alcohol flame, which bums with a pure blue b'glit 
at ordinary pressures, becomes highly luminous in air four times compressed. Flames 
which smoke at ordinary pressures, become smokeless in rarefied air, and undergo more 
complete combustion. “Whilst, therefore, tlie light of flames is due to the separation 
of carbon particles, the latter owe their momentary existence to the absence of suffi- 
cient oxyg('n for their combustion ; consequently, any influence, which causes the mortf 
rapid inU^penetration of the flame-gases and the external air, must reduce the amount 
of precipitated carbon, and consequently the luminosity of the flame. Rarefaction 
exercises precisely such an influence, by increasing the mobility of the gaseous parti- 
cles, and thus causing the access of a larger amount of oxygen to the region of the 
fliime where precipitate carbon produces luminosity. 

The luminosity of a flame is not, however, entirely due to the ignition of minute 
wbon particles floating within it, a small portion of the light being derived from the/ 
inoandescence of the gaseous matters. This latter source of illumination does not 
ordinarily furnish more than about 1 per cent, of the total amount of light, but at very- 
low proHsures, at which but little carbon is separated, it becomes mucli more promi- 
nent. Now this light emitted by incandescent gaseous particles is not affected by 
pressure, and hence arises the deviation from the law of diminution of light in propor- 
tion to pressure, which is observed when the pressure is reduced to a very small amount. 
(Frankland.) 

A yellow dye stuff imported from America, in the form of a dark brown 
^wder, and used as a substitute for quercitron bark (Napier* s Manual of the Art of 
llydng^ Glasgow, 1863.) According to Kdnig (J. pr. Ohem. Ixxi. 98), it is idcnticiil 
with quercitnn, and rolits up, under the influence of acids, into sugar and quercetin 
according to Bolfey (DingL poL J. cxlv. 134), it is not of constant composition, 
®<^nietime8 containing, not quermtrin, but quercetin, which possesses much greater 

colouring pover. 

VULVXnZBr. (Gerh. iii. 663.) A substance apparently isomeric with indin 
and indigo-blue, produced, together with hydrindin (q. e.), by the action of potash ou, 
jn® n or on diaulphisathide. It remains in the alkaline mother-liquor from which the hy- 
<™din has separated ; and on adding an add to this liquid, a light, flocculent, yellowish 
Precipiute is obtained, which is a mixture of hydrindin, sulphur, sometimes a small, 
q«»aiitity of indin, and flavindin. The flavindin may be obtained in larger quantity by 

• See^e artMe C»xL-aAi in Ure's UkUtmanmf ArU, dian^^actures, and M nee, I.7M. 



9S6 FLAVlNie-JPli^^. ' 

^ntiiiuing the ebullition with potash for a bngor tinie ; it is pu^ed by solatJ • 
water contaming a few drops of ammonia, and precipitation with hydxochforic ari? 

Flavindin is of a pale yellow colour; it dissolves sparingly in boiling alcohol 
separates therefrom in microscopic stellato needles. When heated, it%pear» t 
almost wholly transformed into a white substance, which sublimes in fleeces resomW' ^ 
benzoic acid. ' . ‘ 

Flavindin gives by analysis 72-6 per cent carbon, and 3*82 hydrogeii, whence t 
appears to have the same composition as indigo-blue. Its ammoniacal solution yield 
with nitrate of silver a yellow precipitate, which leaves on calcination 42 
•Uver(C»H»AgNO«?). « pw cent 

C**H'*NK). (Laurent and Chancel, Compt Chim. 1819, p. H 5 \ 
An organic base, isomeric with diphenyl-carbamide (i. 766), produced by the aSiou of 
•ulpbydrate of ammonium on diuitrobcnzophenone (h 662), 

C»HWO» + 6H2S « C*®n‘*N*0 -I- 4H*0 + S« 


It forms fine, pale yellow, or colourless needles, nearly insoluble in water, but solu- 
ble in alcohol and ether. Gives off phenylamine when fused with potash. * 

HydrocUorate of Flavine crystallises in elongated laminse, very soluble in water 
somewhat less soluble in alcohol ; it is decomposed by distillation, yielding a small quan- 
tity of white, pulverulent sublimate, and leaving a bulky residue of charcoal, 'fhe 
ckioro^atinate, 2(C**H**N*O.HCl).PtCl^, is a yellow, pulverulent precipitate, obtained 
from: dilute solutions. 

Fiavine Was regarded by Laurent and Chancel as identical with diphenylcarbamido 
; but, according to Hofmann (Proc. Roy. Soc. x. 602), it dors not 
exhibit properties of a carbamide or urea. 

^ Linwn vMtatissimum, This plant is extensively cultivated in Ireljind, 

Bejjgium^ France, and Russia, l)oth for its fibre, which is the raw material of Hm ni 
aadfo^ito seed, which yields by pressure a fixed oil, called linseed oil, and a residujii 
^ mai^ called linseed-cake, or oil-cake, extensively used as fi>od for cattle. The flnx- 
plrat ^es up from the soil a large amount of mineral matter, especially of the mo^t 
valuable constituents, potash and phosphoric acid, and was therefore formerly re- 
garded as one of the most exhausting crops. But neither the pure fibre nor the oil 
^ntains any of these mineral constituents. The inorganic matter of the seed ronuiins 
in tlm cake, which, being used to feed cattle, may be returned to the soil as nuninr^'. 
On the Continen^ inferior qualities of cake are ground to a coarse powder, and either 
applied to the soil as a top-dressing, or stooped in a liquid manure, and tlio mass 
spread out on tlie land in that state. (See Linsbbd.) 

The stem of the flax plant consiste of an inner part or oow, sometime.^ hollow, but 
more frequently solid, composed of ligneous matter, surrounded with a bai’k of fibres, 
the true Unen fibres, which are united to each other by a gum, the whole bein'? 
sheathed in a fine epidermis. To separate the linen-fibre from the gum and woody 
matter, the stems, when pulled and separated from the seed-capsules, are steeped in n 
ttmd or running stream, for a period varying from 7 to 21 days ; they then undergo a 
kind of fermentation or putrefaction, attended with the evolution of sulphuretted 
hydrogen and other foetid gases, which decomposes the gum and loosens the fiVires 
from one another and from the woody core; this process is called retting. The 
stems are then washed, and the fibre is mechanically separated from the woody coi*c by 
an operation called scutching, which consists in bruising the stems thoroughly, so 
that, while the fibre, from its tenacity, remains intact, the brittle woody part is flattened 
imd broken in such a manner as to admit of its bsing easily beaten off by the action of 
the scutch-blade or scutch-mill. The greater part of the mineral matter is removed in 
the steeping and wash-water, in which state of solution it is easily returned to the soil 
Another portion remains attached to the woody matter, which is generally used as fuel, 
the mineral substances of course remaining in the ash, which may likewise he used as 
manure. By thus returning to the soil the mineral matters removed by the growing 
jdant, flax may be rendered one of the least instead of one of the most exhaustive of 
a^eultural plants. 

The following analyses of the ash of the stem and seed of flax will show that it con- 
t^ini large quantities of alkali and phosphoric acid. - 

.1-7. Bel^ and Irish flax (Kane, Phil. Mag. [3] iSriv. 98; xxxi. 36, 106; J. pr. 
Giem.xxxii. 864; xH. 434; Jahresber. f. diem. 1847^, p. 1086).— 8-11. Russian 

78; Jahresber, 1849, p. 686.)-12-l3. 
lish (Way and Ogston, Boy. JW.' Soc. J. ix. [21 617; Jahresber. 


69).— 19-20. (Reich, Jahreil 


p. 670).]— 21, 2^ 24, 2^ ^ay 


Ogiton, he. eii.)-~23. 1847-8, p. lOTft),, 



Tablb t.“^CoMpGsition of the Ash of the Stern and Sad of Flax. 



* ? Dried or undiled* 
























In Kane*s anafyplj^ the amount of sulphuric acid TsHes" ■ to' that of r 

carbonic acid of the organic acids); notwithstanding 
relative quantities of the seToral bases (the ferric oaude in the YaHet;^ from AiS-^ k 
amounting to 13*52 per cent.), the capacity of the bases in the ash Ibr oiganic acid ' 
nearly the same in all, being represented by an amount of 13*28 per cent oxvffen in 
Belgian and Dutch, and 13*53 per cent in the (flax. ^ ^ 

The results of Hayer and Brazier's analyst agree nearly wi<& those of Kane so f 
as regards the lime and phosphoric acid ; but in all other respects they difler consider^ 
ably. In most of Kane's analyses, the potash and soda are nearly equ^ ; whereaa i ' 
those of Mayer and Brazier, the potash greatly exceeds 'the soda. J^ne also found 
alumina in most of his samples, whereas Mayer and Brazier, and indeed all other 
chemists who have analysed flax-ash, found none. 

Analyses 12, 13 (Way and Ogaton) show that the coarse-fibred varieties remove 
from the soil a larger quantity of potash and of mineral constituents in general than 
the fine-fibred kinds. In all cases, however, comparatively little of the more valuable 
mineral constituents remain with the scutched fibre, the greater part being dissolved 
out in the retting or steeping process, and another portion remaining with the woody 
matter separated by scutching. ^ 

The soils on which the samples of flax analysed by Kane were grown, were mostly 
tandy loams, very light and porous, rich in nitrogenous, matter, and coloured tlic 
water in whicli they were boiled, small quantities of alkalis and salts then passing 
into solution. Their composition is given in the following table : 


Taule ll.^C<y)npo3ition of Flax-soil. 



Soils dried Rt 100° from : 


1 

2 

3 

4 

a 

6 



Escam.'itlles, 

llammesofr, 

A district 

A good 
flax dis- 

Crowle ill 


Heestert 

best flax- 

best- flax, land 

yielding 

Lincoln 


near 

land of the 

of the Ant- 

only wild 

shire, the 


Courtray. 

Courtray 

district. 

werp dig* 
trict. 

flax and 
poor crops. 

trict in 
Holland. 

8o-ralleil 
“ warps.” 

Potash • • • . 

0*160 

0*123 

0068 

0*151 

0*58.3 

■ 1 

Soda ..... 

0*298 

0146 

0*110 

0*206 

0*306 


Ferric oxide . . 

3*298 

1*663 

1-202 

1*643 

6*047 

4-500 

Manganic oxide 

trace 

truce 

trace 

, , 

trace 

strong tr. 

Alumina . . . 

2*102 

1*383 

0*125 

0*988 

6*626 

3*065 

Lime .... 

0*367 

0-227 

0-481 

0*366 

3*043 

6-538 

Magnesia . . . 

Sulphuric anhy- 

0*202 

0*163 

0T40 

0*142 

0*106 


dride .... 

0*026 

0*017 

0*013 

0*026 

0*023 

0*113 

Phosphoric „ 
Chloride of So- 

0*121 

0*162 

0*064 

0*193 

0*16 


dium .. .. 

0*017 

0*030 

0*067 

0*009 

0*023 


Clay 

14*920 

9*280 

5*760 

4*400 

17*080 

1 

Sand .... 
Organic matter; 

76080 

84*065 

86*797 

88*386 

60*947 


residual mois- 
ture .... 

3*123 

2*361 

4*209 

8*672 

6*841 

6*328 

TjOSS 

0*297 

0*400 

0*964 

. • 

0*217 



100*000 

100:000 


100-081 

100-000 

100-204 


The samples 1-4 of flax in the table (p. 667) were grown on soil No. 4; sample 5 in 
the same table on soil No. 5. 

The so-called ** warps '* is found on the river BEumb^i and forms the muddy bottom 
of the flax-lands of the west coast (of Ireland? ). 

Kane regwds the fertility of the celebrated l^lgian flax-soils, t. e. their great light- 
ness, as w^ as their amount of alkalis, phosphonc ackl, and magnesia, aathe 
of diligent cultivation with animal manure, such cultivation requiring only a lignl 
iandy soil, with enough loam to nie'^-“ ?* 













F^AX. 


Ta^I 


^ FUuc-aoila. 
(Chem. Soe. Qii. J. iL 78). 


iCajer aad Brazier 


— 


L^eQHna. 

Kurland. 

Lithuania. 

Efithiand. 

Organic matter • # » • • * • 

4*717 

4*030 

4*344 

4*863 


fSolphtoie afihydride 

0154 

0*088 

0*121 

0*162 


Pbosjdiorio „ 

0*140 

0*064 

0*080 

0*160 


Feme oxide. . • 

1*807 

2*377 

3*19() 

2 021 

Soluble in 

Manganic oxide . 

trace 

trace 

trace 

trace 

dilute hy- 

Aluminft . • • • 

1*192 

1*873 

2*142 

2*010 

droehloric 

Lime 

0*375 

0*782 

0*498 

0*796 

acid. 

Magnesia .... 

0*201 

0*130 

0*180 

0*362 


Potash .... 

0*601 

0*324 

0*547 

0*373 


Soda 

, 

0132 

0*045 

0*048 


^Chloride of aodiura 

0*04^ 

0*025 

0*042 

0*079 

Insoluble 1 

/Silica 

79*342 

81*600 

85094 

80*5b8 

in dilute 

Ferric oxide . . . 

trace 

trace 

trace 

trace 

hy<lrochlo- 1 

Alumina .... 

11*627 

6*114 

2*245 

6*755 

ric acid. I 

[Lime 

trace 

1*873 

0*878 

2*012 



100*101 

99*302 

99*406 

99*208 


j\rnyor and Brazier also give the following as the result of treating these soils with 
wilt i f* and hydrochloric acid, and determining directly the quantities of substance 

vli>-s<jlvt.-d. 


Table IV . — liiisaian Flax-soils, 



Liefland* 

Kurland. 

Lilliuania. 


, . , . . ( Mineral matter . 

Sol. m water „ . . 

0*086 

0*229 

0*170 

0*312 

0*153 

0*442 

0*160 

0*468 

Soluble in hydrochloric acid . . 

Insoluble residue 

0*316 

7*259 

92*426 

0*482 

6*917 

92*601 

0*595 

7*243 

92*162 

0*608 

8*712 

90*681 


99*999 

100*000 

100 000 

10d*001 


I’ll 0 proportions thus determined of matter soluble and insoluble in hydrochloric 
aci<l, do not quite agree with those found by the elementary analysis of the same 
given in the preceding table. All these soils are distinguished by their richness 
iu alkali, especially potash, and in rjiosphoric acid. 


Tablb V. — Composition of Steep-waters, 



100 pti. of evaporation-reBidue yielded ; 

Potash 

1 

8-740 

a 

4*181 

3 

16*762 

4 

6*405 

n 

8*206 

Soda 

28*620 

U007 

30*232 

28*298 

19*277 

Lime 

6*940 

8*435 

17-829 . 

6484 

3*613 

Magnesia .... 

0*866 

1*369 

1*530 

1*192 

7*601 

Perric oxide . , . 

0*614 

6 633 

2*584 

6*200 

1*183 

Sulphuric anhydride 
Phosphoric „ . , 
Hydrochloric acid . 

8*054 

26765 

8*436 

8*682 

11*627 

2*580 

9*300 

0*079 

7*764 

6*607 

9*489 

Carbonic anhydr.,*) 
organic matterj> 
Mid loss , . ) 
100,000 pts. water 
_ left on evaporation 

20*611 

60*668 

17*856 

36*288 

46*076 

100*000 

61*70 

100-000 

139-69 

100000 

50*68 

100*000 

46*11 

100*000 

42*40 


V V 2 











\njv 

Stee^water.’^Kme haB analysed several waters (Table V.) In wli&h flax is stmitw^ 
1. Water of a large pool (forming a peat-bog) fed the Sche^t/ clear, with the^^ 
tion of a small quantity of suspended matter. — 2. Of a pool used for flax-stoenin^*^*^^ 
Hammozog in Belgium, also fed by the Scheldt. The flax is left in it for six week? 
the beginning of the process, the surface of the water becomes covered with a vecfit 
growth, which disappears as the retting proceeds : the workmen then shovel UD*tl 
mud from the bottom, and make the flax sink with it ; was at this stage, that tl 
sample of water, very muddy, was taken for analysis — 3. Another pool fmm a d‘*/ 
ferent part of the country, nearly clear. — 4. From the river Lys, which rises in tl 
north of France, and flows through the west of Belgium : it is regarded as tlie be* t 
steep-water in tlie world ; and yet there is nothing in its chemical composition t 
account for its being so peculiarly favourable to the steeping of flax. — 6, From I{ol° 
land. 

ITic following are two analyses of retting waters by C. Schmidt (Ann, Ch. Pharm 
Ixxxiii. 321); a from the Linnajerw-see surrounded by marshes, six miles south of 
Dorpat ; it generally yields a beautifiilly white flax, but in windy weather somewhat 
coloured, b from tlie Kullujerw-see in the same neighbourhood ; whicli being pro- 
tected from the 'wind by surrounding woods, yields a uniform product. Both waters 
are clear and colourless, and leave, when evaporated, a brownish residue, which 
eflervosces with acids, after being carbonised. 1 cubic metro of the water yielded the 
following quantities in grammes. 


Ta ule V I. — Steep-wa iers. 






a. 

h. 

a • 




21*85 

43*45 

• • 




1*06 

2*()3 

• • 




2*51 

21*01 

• • 




10*20 

18*10 

a • 




20*04 

64*45 





4*13 

10*67 

• • 




1*43 

5*98 

• • 


• 


1*36 

6*12 

• • 


a 


4*14 

12*87 

• • 


• 


60*72 

171 68 

• ^ 




0810 

9902 

• • 

• 

• 

• 

134*82 

274-30 

steeping proce.ss takes from one 

to six weeks, 


Chlorine 

Sulphuric anhydride 
Phosphoric „ 

Potassium 
Sodium . . . 

Lime . 

Magnesia 
Ferric oxide . 

Oxygen of the alkalis 

Inorganic matter . 

Organic matter and ammonia 

Anhydrous substance 
Hot’Water steeping. — The ordina 

according to the tempeniture and state of the' weather. In 1847, however, a new 
system of rotting was introduced into Ireland, by Mr. Scheuck of New York. This 
consists in immersing the flax-stems in a large tank containing water kept at the tem- 
perature of about 90® F., by means of a coil of pipe through which steam is passed. 
The higher temperature greatly accelerates the process, which is completed in alxait 
40 or 90 hours, according as the water used is soft or hard. The gas evolved during 
the process is usually stated to contain sulphuretted hydrogen ; but, according to 
Hodgos, it consists in 100 vol, of 22*29 carbonic anhydride, 44*30 hydrogen, and 33*41 
oxygen. Thre^ samples, A, i?, C, of scutched flax, which had been retted by this pro- 
cess, w^re found by Hodges (Chem. Gaz. 1854, p.37 ; Brit. Assoc. Eep. 1857, p. 12G ; 
Jahresber. f. Chem. 1854, p. 800 ; 1858, p. 667) to have tlie composition given in the 
follo'wing table. All three samples were dried at 100° C. ; A losing 010, li 8'61, 
and C 12*0 per cent, water : 




A, 

K 

a 

Wax ; volatile oil and acid ; resin . . 

• 

2*200 

2*620 

1*360 

Sugar and substances soluble in alcohol . 

• 

1*541 

0*624 

5*630 

Inorganic substances soluble in alcohol • 

• 

0*281 

0 116 

2*830 

Gum and pectin 

• 

0*698 

0*280 

0*860 

Salts insoluble in alcohol • . . 


0*076 

0*044 

0*080 

Azotised substances soluble in water, casein, 

See. 

3*560 

1*386 

6*834 

Azotised substances insoluble in water • 

• 

2*940 

4*810 

4*269 

Inorganic substances united with the fibre 
Wo<^y fibre . . • . • . 

• 

• 

0*238 

87*974 

1*490 

89^136 

2*500 

82*137 



A Bumple ot OfUrtray flftx, f ett^d by the ordinary method and scutched, gave, when 
A at 100^ 0. (with loss of 8*40 per cent, water), 2*3d per cent, wax and oil, 6*60 
substances, casein, &e. ; 7*69 gum, sugar, and colouring matter, 1*05 inorganic 

The sample A of flai tett4>d by SchencVs prooea^, yielded (after drying at 100® C.) 
1 -40 per cent., B 1*54 per cent, ash, having the following composition; 


Na«0 

NftCl 

CiiO 

M»rO 

F.*0^ 


so» 

co« 

SiO* 


219 

2*75 

29*24 

4*64 

3*72 

6-23 

6-00 

28-17 

10*45 

« 100*44 

7 63 

1*77 

27*08 

070 

7-40 

10*40 

3 12 

19*10 

21*31 

== 10()*62 


Several methods have been propo.sed for di.*<integruting flax flhre by meclianieal 
tieans without previous fermentation, ami eleansing it by tlni use of acids and alkalis ; 
but tinn* have not been adoi^ted in practice to any great extent. For a description of 
tlie c methods, and for full iletails relating to the mechanical opei-atioiis to whicli the 
fibre is subjected to convert it into linen, the reader is n‘fcrre<l to the excellent article 
on I'LAX in Urcs Dictionary of Arts, Manitfiwtur.s, and Mims, ii. 22 j. 

FLSSB. Tlic flesh of animals is, anatomically conshlered. a complex tissue made 
111 ) of sevond inorpliological elements, viz. true muscular filn-e, connective tissue, 
loTves. l)lood-ves.sels, and lymphatics. Muscular fibre is of two kinds, striped (►r 
striated, mid non-striated or plain; the former constituting tlie basis (»f the 
voliintary*mnsclcs : the latter occurring in the muscular coat of the stomach and intes- 
tiius. and in scv^nvil other Wscene. Tlie primitive bundle.s of striped fihrt^ are enclosed 
in a tliln horny tissue, called the sarcolemma ; a number of the.se bundles are united 
bv 'connective 'tissue into larger l/undle.s, and these again into entire mmsclcs, the con- 
lUM tive tissue l)eing more or h.‘.s.s filled up with fat-cells. Tl)c plain or non-strij^d 
fibres have either no sarcolemma, or a very indistinct one, not gcmi-rally recogiiis.vl, 
and artMTiercly joined together by connective tissue. Tlic entire mass of a imiscle, 
whether striped or plain' is moistened with an acid liquid called the flesh-juice or 
uiuRCMilar ,]uico; which, how'ever, is much more abundant in the striped than in 
tlic plain muscles. 

The chemical differences between striped and plain muscular fil)pe will be considered 
in tho article Musculaii TiSvSUB. At. present we shall treat of the llesli ns a wliole, as 
it i.s used for food. 


T.u-.lb h—Compositi 07 i of Muscular Flesh, accord im^] to Vo n 11 i h ra. ( TraiU dc 
Chimie glntrale, jiar Fdotise et Fremy, \ i 253.) 
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'Cw 

rd I 
iU 1 

iZz 1 

j 
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I6-S0 

1 

7JV 

2- 

SO 


r'j‘> 

1.V54 

i-flir 

3-71 

. . 

'i’U? 

i7-n.'i 

S’20 

1*8 1 1-3 

i raci-8 


17-fiH 

2*68 

4-12 

. . 

I '23 

20 

5-20* 

• • 

1-7 

1-0 

. . 


18 0 

2 30*- 

. . 


2-4 

0-4 


16-33 

2-0 1 

2-93 

. t 

1-79 

18(M) 

a-3 

280 

. . 


16 80 

2*40* 


08 

17 

. . 


9-42 

1*38 


VlV', 


2'1 ’ 

13-.% 

1-35 


4-98 

• • 

•i!-sn 

17 -W 

1 

•08 

7 

•33 

• • 

2'70 

11-77 

1 86 

.3-46 

. . 

2-48 

lG-27 

2-60 

6-97 

. • 

Ci-SS 

1.*.'74 

1 99 

3‘13 

. • 

211 

15-98 

1 69 

7 49 


2 .'»{) 

170 

4 5* 

i • ’ 

15 

1-0 


• • 

16-50 

3-0* 

. . 

1-2 

I*! 

(fi; 


16-50 

3-0 

1*2 

1*4 

(r*r, 


11-10 

4 4 

1 . . 

0-2 

0*6 

2*2 

• • 

16-53 

2*89 

1 

• 

1-9S 


N.iine of Animnl. 


Mm: pertoral muscles . 

I 0\ : inMS(*Ic‘s . 

j Wild duck; pectoml mufcles 
iJirp; heait . . , 

i 

I •’•y. : muscles . . • 

: hp.irt . ... 

('yvriuus nanvi ; nutscles 
» !i'Pr: niusclei . , 

CA con: heart . 

: itectornt muscles • 
Swallow ; muscles , 

M.irien: muscles • • 

N'arrow . 

pjje >11 : heart. . . 

Ciiicken , 

ehicken; inuicloi . • 

*youi; heart . 

‘'OX; muscles ... 




f-HO 


(i'.M 
1 J-.* 

0-10 

-•(i.i 

2*(;‘2 


2 47 


72*4i; 
7;Mr,l 
7:- 20 
71 1 
«)U 10 
7 "’VO 
7.'i*l *> 
7'- !»o 
7S.I.J 
m-MT 
70 10 

7r»' 
7(»2 I 
7U-00 
77*:«) 
77‘-Mi 
8l-:.0 


r»*oo 


• The Mtcriiki indicate that the albamln was not coagulated, and contained a portion of blood-dot. 



Hardebal (Oompt mnd. xad^, 691) hai de^terminad tlie mopox^n of waW A 
muscular aubstaacet and fat in 100 pts. of the muscular flesh from connect 
tissue^ bone, the following animals, commonly used as food: 



Pts. 

Ox. 

Sheep. 

Fowl. 

Water .... 

69*7 

72*5 

73*6 

73*7 

Muscular flesh free from fat 

24*3 

260 

23*4 

241> 

Fat 

6*0 

2*6 

8-0 

1*4 


It appears, from these results, that the flesh of the ox contains the laigest propor- 
tion of nutritive (flesh-tbrming) matter, and in decreasing series, that of the fowl 
sheep, and calf. Tliis must, however, be understood as applying to the real musculo 
substance, not to the entire flesh as sold in the market 

Q-irardin (Compt rend. xli. 746) has determined the composition of American salt 
beef and bacon (imported into France in 1866) as compared with French beef and 
bacon* 


Tabi.e II . — Composition of Balt Beef and Bacon* 













Salt Beef. 



Bacon. 



French. 

Americ.-in. 

French. 

American. 


Frenb- 

Dried at 
lOfP C. 

As taken 
from the 
cask. 

1 Dried at 

100 *^ c. 

Fresh. 

Dried at 
lOOO C. 

As taken 
from thff 
cu^k. 

Dried at 
IWr’C. 

Water , . , 

Fibrin and con- 


* • 

49*11 

• • 

69-55 

• • 

4406 

• • 

neetive tissue 

ICJrZjl 

66-14 

24*82 

48*78 

9-63 

31-30 

21-28 

3803 

Fat .... 


4-19 

0*18 

0-36 

11-77 

3865 

701 

12-53 

Albumin . , 

Extractire mat* 

2*25 

9-34 


1*38 

3-20 

10-61 

0*40 


ter .... 

2*06 

8-66 

3*28 

6*44 

3-46 

11-33 

3*91 

G-99 

Soluble salts 

2*95 

12-24 

21*07 

41*39 

1-64 

6*39 

22*82 

40-78 

Loss .... 

0*13 

0-64 


1-66 


2*8*2 

0-62 

0-9G 

Sum ... 

Nitrogen per 




100*00 

100-00 

100*00 

100*00 


cent. , . . 

Phosphoric acid 


12*58 

4*62 

9-10 

3-73 

12-26 


5-73 

0-59 

(P^O*^) p. c. 
Chloride of so- 

0*22 

0*93 

062 

1*22 

0*56 

1*81 



dium per cent. 

0*49 


11*62 

22*6 

0-50 

1-63 

11-61 

20-74 


In the dark brown brine in which the beef from America had been salted, Girardin 
found 62-23 per cent, water, 1'23 albumin, 8*40 other or^nic substances (total amount 
of nitrogen 0*267 per cent), 0*4 phosphoric acid, 29*01 cWoride of sodium, 3*65 other 
salts. 


Tablb III . — Composition qf Lean and Fait of Borh^ called and unsedted 
(Lassaigne, J* Chim* m6d. [3] ix. 166). 


100 pts. 


contain 


71 water|28*6 organic substance, 0*6 NaCl, KCl a 

- ^ 


Breast marbled with fat 

39 

70*6 

»» 

0*4 ,, ,, 

Back .... 

60 „ 

39*6 


0*4 „ ft 

Unsalted . . • 

10 „ 

89*7 

»> 

0*3 ,, ,f 

Salted fat . • • 

8'8m 

83*8 

>v 

7*9 NaCl 

Salted lean • • 

66*8 „ 

28*8 

tf 

14*4 „ 


a and 6| together with alkaline carbonates. 

For Che resnlts of Lawes and Gilbert’s researches ** On the Composition of some ol 
Che Animals fed and slaughtered as Human Food ” (Proc, Roy. Soc. ix. 848)» 
NumiTkox, 


















^Esk 




Tabu IV. — Compotition of the Flceh of Fieh 
(Fayen, Compt. tend, xzxix. 318), 


nay • • 

Congpr-eel 
Salt cod , 

Salt herring 
Fresh herring J 
Wliiting 
Mackerel 
Sole 
Dab 
Salmon 
Pike 
Carp 
Ihirbcl 
Bleak 
Eel . 

Gudgeon 


Water. 

Dry 

substaiiof. 

Fat. 

Inorganic 

substances. 

Nitrogen. 

76‘489 

24-6U 

0-472 

1-706 

3-846 

79-909 

20 091 

6 021 

1-106 

2-172 

47 029 

52-971 

0-383 

21-320* 

6-023 

48-998 

61-002 

12-718 

16-433t 

3-112 

70-000 

30-000 

10-300 

1-900 

2-450 

82-960 

17-050 

0-383 

1-083 

2-416 

68-275 

31-725 

6-768 

1-846 

3-747 

86-144 

13-866 

0-248 

1-229 

1-911 

79*412 

20-688 

2-058 

1-936 

2-898 

76^704 

24-296 * 

4-849 

1-279 

2-095 

77-530 

22-470 

0-602 I 

1-293 

3-258 

79-908 

23-032 

1-092 ' 

1-335 

3-498 

89-349 

10-651 

0-212 

0-900 

1-671 

72-889 

27-111 

8-134 

3-263 

2 689 

62-076 

37-924 

23-8GI 

0-773 

2-1)00 

76-889 

23-111 

2-676 

3-443 

2-779 


100 parts of the dried flesh, free from fat, of tlie following fish, were found hy Payen 
to contain : 



Carbon. 

Hydrogen. 

Nitrogen. 

Oxygen. 

Ash. 

Eel 

.. . 52-999 

T-474 

14*644 

19-296 

6*687 

Mackerel 

61-615 

6-902 

16*836 

19-608 

6-139 

Sole 

48-795 

6-681 

16-460 

20*032 

9*132 

Barbel • 

46*927 

6-800 

16-635 

22*783 

8-965 


The following analyses by Schmitz and Mulder {'IVaiU de Pclouze ei Prhmy^ 
vi. 264) exhibit the elementary composition of the muscular flesh of certain fishes, fret 
from fat and inorganic matter. 


Txblb .'-^Muscxdar Fluh of Fusites, 


Carbon . , 
Hydrogen , 
Nitrogen , 
Oxygen . . 
Sulphur , . 

Schmitz. 


Multtor. 

Astaens 

Jtuviatitis, 

Melolonika 

vulgaris. 

Anorionta 

cyn,nea. 

Sofia 

vul- 

garis. 

Jihom- 
bm bar- 
bat vs 

Gadus 

Mrr- 

langus. 

62-14 

7*10 

15-22 

26-64 

62-39 

7*18 

16*44 

24-99 

62-35 

7-20 

16*20 

26-26 

62-08 

7*14 

15-34 

26*44 

62-40 

7*34 

16-33 

24-93 

62-60 

7*26 

63 14 
6-99 
15-40 

0-84 

63-69 

711 

15-40 

12-fiO 

100-00 

100-00 

100-00 

100-00 

100-00 






Inorganic ecnctituenU of meek^lha quantity of ash left by 
appears to vary between 2 and 8 per cent. The ash is composed **“5^ 
end calcic phosphates, with smafier quantities of chloride, sulphate, and carbo a e 
Bodiunou 

The Mowing tables exhibit the composition <st the ash of various kinds of flesh. 


• Including 19 654 chloride of lodimn. 

f Including 14*698 chloride of lodluro. herrlnoi. 

i Calculated approximately from the composition of the relied nerringa. 






Tablb VI . — Ash of Muscular Flash on J}i bra» loc. eit\ 



Per- 


Composition of the ash. 

1 


centaae 





1 

Name of Animal. 

of ash 
in dried 

Chlo- 

Sul- 

Alkaline 

Earthy 

bo. 
nafe of 
*odiuiiv 


miiscu- 

ride of 

phate of 

phos- 

pnatea. 

and fi?r- 


lar fibre. 

sodium. 

sodium. 

lie phos* 
{ihatca. 

Man, aged 30 years : muscles . , , 


10*30 

1*72 

72*95 

16*03 


Man, aged 69 years : pectoral muscles 

. . 

traces 

H-40 

69*03 

19*57 


II II • « « 

. 

3*48 

4*26 

63*68 

28*68 


Woman, aged 36 : pectoral muscles , 

4-80 

13*44 

1*86 

63*68 

21*12 


II II hourti • • ■ • 

3-61 

6*33 

traces 

84*14 

10*53 


Infant, a week old : muscles . . , 

. , 

6*33 

2*04 

81*44 

10-19 


Ox: muscles 

7-71 

6-60 

0*30 

76-80 

16-40 


Badger, female: muscles .... 

616 

4*04 

, 

86*96 

10-00 


Wild duck : muscles ..... | 

4*48 

6-40 

1-20 

traces 

84*00 

87*90 

14-89 

12-10 


„ muscular membrane of 







stomach 

606 

17*00 

0*90 

68-40 

13-00 


Carp (Cf/prhiKs Carjrio) .... 

616 

1*31 

12*30 

44-19 

42-20 


Cat, male : muscles 

,, ,, muscular tissue of sto- 

6*36 

3*17 

• • 

74*13 

20-70 

2*00 

much 

4*64 

12*02 

5*00 

71*78 

10-60 


„ » lifart 

4*49 

1*31 

, , 

88*85 

9-84 

trucfs 

„ female : muscles 

4*81 

0*55 

traces 

74*06 

25-40 

„ „ muaedes of stomach 

„ „ mucous lacmhrano of 

2-92 

1*00 

• • 

46*30 

62-70 


stomach .... 

2*26 

1-70 


23*30 

75-00 


Kid, female : muscles . . . • | 

4-68 

6*06 

1*00 

1*73 

• v 

72-00 

70-07 

20-60 

28-20 


Raven : pectoral muscles .... 

7*46 

6*34 

i*2*3 

86*33 

8-10 


„ neart 

4*68 

3*34 

. 

70-06 

17-60 

traces 

„ muscles of the thigh . . . 

4*74 

4*60 

0*9’7 

86-03 

8-34 


Turkey: muscles 

4-30 

16*63 

22*20 

33-25 

1-46 

10-46 

Squirrel: „ 

6*49 

3*04 

traces 

85-64 

11-42 


Falcon (Falco pyrargos ) : muscles . 

4*73 

1*16 

. , 

90-40 

8-45 

tjnices 

„ muscular membrane of sto- 







mach 

2*82 

tract's 


57*90 

42-10 

traces 

„ mucous membrane of stomach 

4*95 

1*39 


81*21 

17*40 

trace 

Falcon {Falco hmto ) : muscles . . 

4*66 

7*38 

4*50 

46*15 

41*97 


„ muscular merabrauo of sto- 







mach 

1 4*96 

1*39 


81-21 

17-40 

trace 

„ raucous membrane of stom ach 

8*97 

2 *07 

4*32 

61-11 

20-50 

trace 

Frog {Rana csculenta) . . . ... 

4*96 

11*00 

, , 

61-00 

25-00 

trace 

Owl: muscles 

4*40 

trace 

trace 

76-10 

23-60 

trace 

„ muscular membra ne of stomach 

405 

trace 

4*40 

49-00 

46-60 

trace 

„ mucous „ „ 

7*36 

trace 

33*00 

31-30 

35-70 

trace 

Hare, male: muscles ..... 

4*48 

4*20 

0-90 

79-80 

1610 


Marten, male: muscles 

4*42 

6-66 

2*18 

54-62 

37-66 


Hawk (starred to death) .... 

6*87 

6*94 


69*33 

24*36 

trace 

Porch {Perea jhiviatilis) .... 

7 08 

1*27 


64*39 

44*34 

trace 

Domestic fowl : pectoral muscles . . 

6*61 

1*39 

trace 

84 72 

13*89 


„ „ muscular membrane 







of stomacli . . . 

6*34 

18*45 

4*33 

63*52 

13*70 

trace 

„ „ four years old . . 

3*14 

1-30 


86*70 ^ 

12-00 


„ „ thirteen years old . 

Fox, female: muscles 

4*31 1 

trace 


87*10 

12*90 


8 86 

1*02 

2*50 

74*08 

24*40 


„ „ muscular membrane of 






stomach . . . 

2*66 

4*12 

4*62 

46*36 

46*90 


„ „ mucous membrane of 







stomach .... 

6 24 

8*96 


75*64 

23*60 


Calf: muscles ........ 

. . 

trace 

trace 

8980 

10-20 



The following table contains analyses of the ash of rarions kinds of flesh used s» 
food;**Ash of firesh beef: a. by S tola el (Ann. Ch, Phann. cxxvii. 256 ).—^* by 






FLESH JUICE. 
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*ffel (Arch. Phanll. f2] Ixiv. 148). — Of veal by the same.— -Of fresh pork by 
l^bevarria (Ann. Ch. Pharm. Ixxxi. 373). — Of salt beef and ham, by Thiel (^ibid. 


-L^rarria (Ann. jrnarm. lixxi. o/o;.— ui t 
salt cod (stockfish), by Stolzel, luc. ciU 

Tabus VII . — Ash of Meat, SaU and brrsh. 


potash 

^da • • • , • • 

'’lilorido of sodium 
:^lilonde of potassium 
Lame , . • • • 

Magnesia . • • • 

I’tMTic oxide • • • 

L’hlcrino . . . - 

Sulphuric anhydride 
I’liosphoric „ 

[•'iiTic phosphate^ • 
Carbonic anhydride 
silicic fi 

Charcoal • . . . 

Sard 


Ayh, per cent, in dry sub- 
stance 

Water in fresli substance 


Fresh. 

S.iU. 

Beef. 

Veal. 

IVn k. I 

Viecf, 

H:im. 

Cod.* 

a 

& 


1 




36-94 

261 

34*40 

35-83 

21-70 

6-81 

3*70 

, , 

34*91 

2*36 

4 31 

16-82 

34-06 

4-26 

, , 

7*49 

10 59 


, 


15 11 

10*22 

4-01 




0*10 


1-73 

6-09 

1-90 

7-15 

0-73 

0-41 

40*22 

3*31 

2 35 

1*45 

4-5C 

1-90 

0-54 

3-27 

0-98 

0*96 

0-2t 

0-33 


, , 

(>•51 


, , 

0*59 

26-95 

6:!-72 


3-37 

1*77 

, 

, , 

0 62 

0-12 

1-64 

34*36 

39*28 

48*13 

42-16 

21-41 

4-72 

16-78 



, , 

, 

1-01 

0-10 


8-02 

, , 

, 

, , 

, 

, 

13-56 

2-07' 

1*52 

0-81 

. . 

0 20 



. . 

• • 

• * 

0*51 

2*74 

! 6*60 

0 23 


100-00 

9iF^ 

99-99 

98-18 

98*87 

10(181 

■ 99 -08 


2*2 

3*1 





• • 

72*63 

77*04 






11. Weber (Pogg;. Ann. Ixxvi. 372; Ixxxi. 92) analysed the asb of horso-flesh in 
,v.)\vaYs: a. Py lixiviating the changed flesh witJi water, then witli hydi'ochloi'ic 
■11, and iiiciiicrating both the extracts and the solid residue.- b, by lixiviating the 
ii.'harrcnl Hesli with water and with hydrochloric acid, then carbonising and inciner- 
fii!;r it ; also incinerating the extracts. In both cases the tics h operated on w'us that 
t' I lii> iore-lt'g of a lean liorsc, freed from blood by injection witli water. The com- 
' >itipii <.f tlic total quantity of ash (solid residue and cxtriicts) obtained in the two 
" was as follow's: 

N;i('l N;V^O K^O CaO W-:<) Ft'O’ 

a. 117 4 SO 30-95 1*80 3-8S 1 00 40-74 0-30 100*00 

h. 7-21 6 08 34'15 2*33 3-46 0*98 46-21 . . = 99'72 

The total quantity of ash obtained hy the second method am(;ante.d to 0*85 per 
flit, of the fresh flc.sh, and 4*14 pier cent, of the flesh dried at 100^ (b l7‘0<i percent, 
f the usli was contained iu the aqueous extract, 18*45 in the hydrochloric acid extract, 
u I 3-92 in the residue. 

rZiESK-JUZClS. It has been stated in the preceding article that the muscular 
<'sh of aniniaJs of the higher orders is moistened with an ucid^ liquid, which is inore 
bundaiit in the striiied than in the plum muscles. This liquid has been examined 
bif4ly by Liebig (Ann. Ch. Pharm. Ixii. 257), Scherer (ib/d. Ixix. 343), and 
dreeker (Cheni. Soc. Qu. J. x. 121). It is of reddish colour, reddens litmus paper 
trongly, and is partially coagulated by heat. It euntains albumin, casein, cr^me, 
TCiitinine, sarcine, lactic acid, inosic acid, several volatile acids of the senes C"11‘ u , 
-mong which, formic, acetic, and butyric, are tlie most conspicuous, a red pigment, 
iniilar to, but, according to Lehmann, not identical with, the colouring mutter ol the 
‘lorn!, ft.jut inorganic salts, chiefly alkaline chlorides and phosphates. 

A small portion of the flcsh-juice runs out on pressure, but the peater part remains 
n the tissue, andean only be extracted by treatment with water. 1 he mode of obtaii^g 
b and separating the creatine from it has been already explained (see Cbkat^, 
1 95, 5). The albumin separates on boiling; the casein is detected by acetic acid, or 
W^ication of rennet, either of which produces turbidity. 

The mother-liquor from which the creatine has crystallised, if ur e , ^ * 

«^xed with small portions of alcohol till milky turbidity is produced, 

for some diys, deposits yellow or white granular, laminar, or no^lle^ 
^'stals, which atfe a mixture of creatine, phosphate of magnesinm (if the p p 

» The lleftli wm soaked io lime-water ami wailicd. 
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acid has not been preribiislT qn^ separated by baryta, ii. Oft , 

and bMium-salts of inoaic acid, C*H^»0» (?). 

On mixing the liquid from which the inosates hare separated, ^th about At f 
iU volume of alcohol, it separatea into two layers, the lower of which ia thick g 
and brownish-yellow, and the upper more mobile and amounting to 20 


volume of the lower. The heavier liquid cooled to — 5® C. deposits a l'arge'"quJ^^f f 
loride of potassium. If separated from the lighter liquid and mixed 

nrl leaving it at rest, 5 

rru ' a ^^nsistinir 

The superiiatuiit liquid also contains a 


crystals of chloride of potassium. If "separated i _ 

an equal volume of common ether, it becomes milky, and,^ on leaving it arresPtr^** 
gradually collecte at the bottom of the vessel an amber-yellow syrupy liquid consist!!? 
almost wholly of lactate of potassium. The superiiat - ^ 

little of this salt, but ia chiefly a solution of creatinine. 


If the liquid from which the inosates have separated be evaporated over the water 
bath, and the residue treated with alcohol, all tne lactates are dissolved ; and if 
alcoholic solution be separated from the insoluble syrup, and the alcohol oraporatvd 
there remains a yellow syrup, which, aft-cir a week or fen days, solidifit's to a soft 
crystalliiie mass, consisting of creatine, creatinine, and the potassium-salt of a nitro- 
genous acid, diiferent from inosic acid ; the mother-liquor contains lactate of potassium 
As the lactic acid from flesh-juice exhibits certain peculiarities, it is sometimes called 
sarcolactic acid. (See Lactic Acin.) 

"When the liot mother-liquor of creatine (ii. 95, h) is diluted and mixed with acetate 
of copper, or better with nitrate of silver, a precipitate is formed, containing, togctlicr 
with other substances, a compound of sarcine with the oxide of copper or oxidr of 
silver, which, when decomposed by sulphydric acid, yields sarcine, in the 

form of a white, indistinctly crystalline powder. (Strecker.) 

Inorganic constituents of Flesh-juice, — The juice, when evaporated to dryness and 
incinerated, yields an ash, difficult to burn white, and consisting of alkaline phosphates 
and chlorides. The soluble salts extracted from it by water contain the three modifi- 
cations of phosphoric acid. (Liebig.) 

The flesh-juice of all animals is very rich in potash ; it contains chloride of potassium 
and only a small quantity of chloride of sodium ; in the blood the proportion between 
these alkalis is reversed. It appears, from numerous determinations made by Liehifr, 
that the quantities of potash present in the blood of certain animals, for 100 }»!.«!. of 
soda, are as follows : — 


lien.' Ox Horso. Fox. Pike. 

Ill the blood . . . 40’8 5*9 9 5 

In the flesh-juice . . 381*0 279*0 285 0 214 497 


F. Keller (Aim. Ch. Pharm. Ixx. 91) has examined the ash of the decoction of 
flesh [of what kind?], and that of the boiled flesh. Of the total quantity of asli 
obtained, 82*2 per cent, came from the decoction and 17 ’8 per cent, from the boiled 
residue. 



Ash of decoction. 

Ash of residue. 

Total amount uf ash. 

In water ; 

In water : 

Ill decoc- 
tion. 

In residue 

Soluble. 

Iiuoluble. 

Soluble. 

Insoluble. 

P*0* 



23*55 

2*72 

5*92 

32*48 

21*59 

6*83 

(Cl. , 



8*25 

0*38 



7 09 


K 



8*98 

0*42 



7*72 


(SO* 



3*21 

0*38 


, 

2*95 


}K*0 



3-78 

0*45 

, . 


3*47 


K*0. 



34-18 

469 

6*76 

2013 

31*96 

4*78 

(2CaO 


• 


306 

0-29 

9*05 

2*61 

1*66 

P*0M2hIg0 




6-76 

8-57 

16-26 

4*73 

2*99 

(2tVO* 



• • 

0-67 

0*05 

7-97 

0*46 

1*42 




81*95 

16*43 

13*59 

85*89 

82*47 

17-68 




1o6’38 

99-48 

10016 J 


From these analyses, it appears that of the inorganic salts contained in meat nearly 
fbur-flftha are extracted by 'filing with water. Fart of the earthy and frrrie phosphates 
passed into solution through the medium of the alkaline phosphates ; but 
after long boiling, is sdll rich in alkaline phosphates, al^ough the ekrthy phosphates 
pedominate. 


















SANBSTONE — FLINTT SLAllR m 

Broth .— "»*»* “ «ilpl>y'ln‘te of ammoninm u eTolred, 

ther with odoriferous compounds and an acid resembling acetic acid. The ex- 
called hroiht contains fat, a portion of the odoriferous compounds just mentioned, 
latin soluble salts, and the various proximate principles existing in the meat. The 
llowing is its composition, according toChevreul. 


“W^ater . • * i . % * . 

Fixed organic matters dried at 20^ C. in vacuo . 

Soda • • • • • *1 

Potash • • • ^ _ • * I • ' 

Sulphuric and phosphoric acids, chlorine J 

Phosphate of magnesium 

Phosphate of calcium \ 


Oxide of iron 


I 


. 988-6/ 
. 12-70 


2-90 


0-23 

0-10 

1004-60 


Boiled meat retains the fibrin, together with part of the albumin, and the earthy 
id ferric phosphates contained in the raw meat. 

The quality of the broth and of the boiled meat depends greatly on the mode of 
-.iling. To make good broth, the meat should be placed in cold water and gradually 
lised to the boiling heat. By tins means, the soluble constituents of the meat are 
sitracted before the albumin has time to coagulate in the tissue and oppose their 
itraction. In fact the coagulation of the albumin then takes place in tiio liquid 
uly, not in the substance of the meat; and as the albumin becomes insoluble, it rises 
) the surface, carrying with it certain calcium-salts which would render the broth 
irbid, and forms a scum which prevents the volatilisation of the odoriferous matters. 

0 obtain savoury and nutritious boiled meat, the moat should be at once plunged 
ito boiling water, so that a thin layer of coagulated albumin may at once form on the 
jrface and retain the soluble matters within the tissue. 

The broth does not, however, contain the whole of the substances extracted from 
iie meat by boiling, inasmuch as a portion of these substances undergoes decomposition 
nd produces the aroma ; hence, boil<?d meat and its broth taken together, arc, for tho 
aiiie wtdght, somewhat less nutritious than roast moat. 

Li cbiy's Broth for invalids . — Half a pound of finely chopped meat (beef or poultry), 
r(im a recently killed animal, is macerated for an hour with lb. cold distilled 
rater to which 4 drops of pure hydrochloric acid and a drachm of common salt have 
otn added ; the liquid is then seimrated from the residue by straining, without 
rcssuro, through a hair-sieve, and the residue is still further exhausted by gradually 
louring on it half a pound of distilled water. Inthisw'uy, a pound of cold meat- 
xtract is obtained, of reddish colour and agreeable taste. It must bo taken cold, as, if 

1 rated, it become.^ turbid, and deposits a thick coaguluni of flesb-albumiu and blood- 
ed. The advantages of this mode of preparation are that it yields an extract con- 
airiing certain ingredients which are wanting in ordinary brotli iireparod by boiling, 
ho8o, namely, which serve for tho formation of blood-albumin. Beside.s flcsh-albiiniin, 
t contains a certain quantity of biood-red, and a much larp'r quantity of iron (which 
s necessary for the formation of blood-corpuscles), besides the hydrochloric acid, 
vliicli assists the digestive process. 

In wai-m weather this extract ferments, though without any bad odruir. It should 
hcreforo be prepared with quite cold water m a cool place. (Liebig, Ann. Ch. 
Ixvii. 360.) 

nsacZBJbS S^kKDSTOarS. A fissile variety of sandstone, thin slabs of which 
exhibit a certain degree of flexibility, apparently ow-ing to the dissemination of small 
k^ilos of mica through the mass. Sandstones of this character occur at Villa liica, 
tlrazil, and in the gold region of North Carolina. 
i'XiBUB&ll 8ZBVBB-ORB. See Sterituergite. 

A variety of quartz, soraewdiat allied to chalcedony, but more oj^ue and 
of (lull colour, usually grey, smoky brown, and brownish black, occasionally with zoned 
•ind striped delineations. It occurs in nodules embedded in chalk. Internal lustre 
barely glimmering, subvitreous. Fracture conchoidal. Fragments sharp- edged. Trans- 
lucent. Harder than rock-crystal. Easily frangible. Sp. gr. 2-69. Infusible 
'*^thout addition, but whitens and becomes opaque. It consists mainly of silica (ab^t 
2? per cent.), with small quantities of lime, alumina, oxide of iron and water. The 
flint of the chalk-formation consists largely of the remains of infusoria, singes, and 
other marine productions. The silica of flint, ae<'ording to Fuchs, is partly soluble 

taken up by a solution of potash. Wlicn two ^ pieces of flint are rubbed 
h^gether in the dark, they phosphoresce, and emit a peculiar smell. 

SB ATS. SeeSiATE. 



JliOATSTONE — FLOW^ COLOURS OP. 

KiOAniTOirB. A light spongy variety of qaartz, the quartz neciiquc of H • 
consisting of fibres or filamentary crystals aMpegnted into a spongy or porous 
80 light as to float on water. Colour, white of various shades. It occurs ^ 
clialk formation of M6nil-Monhint, near Paris, and in some of the Coniish mincs!^ 

rXiOB rSRRl. A coralloidal variety of arragoiiite occurring in beds of iron-ore 

FXiOUX. The powd<;^r of the gramiiiacoiis seeds. (See Bhead and Wheat- i 
Ure'8 Dictionary of Arts, &c., ii. 277.) ’ ^ 

FZiOWSRS, COXiOirRS OP. (Schiibler, Schw. J. xlvi. 285.— Deoandoll 
iind. Iv, 472. — Clamor-Marquart, DieFurhen dcr Bluthen, Bonn, 1835. Froi 
and Cloez, J. Pharm. [3] xxv. 249. Marl ens, Iiistitut 1855, p. 168. Filhol Com!/ 
rend, xxxix. 194; 1. 345, 1132; Jahresber. f. Chom. 1860, p. 535.) — The petals <,f 
flowers, while still enclosed in tho bud, are mostly green, and acquire cliai u* 
teristic colours only under the influence of light. Sometimes, however, tliey nn w\[^o 
in the first instance, or the buds exhibit tiic same colours as tho expanded flowt i/ 
The blue and rod pigment^j of flowers arc generally soluble in water, whereas maiiv of 
the yellow pigments arc of resinous nature and dissolve only in alcohol and cth.-r 
Schiibler and Decaudolle endeavoured to prove the existence of two essentially diftlr, iit 
series of flower colours, the xanthic, producing the yellow tints withtlieir transitions 
into red, and the cyanic, producing tho blue tints with their modifications; and tma 
tlie colours of both series are formed from chlorophyll, tho xanthic by oxidation, tin., 
cyanic by deoxidation ; but these views are not borne out by observation. 

Tho extractive blue, violet, and red pigments, w^hich are likewise contained in lfi’')',vn 
and orange-coloured flowers, were designated by Clamor-Marquart, as anthoeya ii. tin- 
resinous yellow pigment as anthoxan thin. According to Fr^rny and Clocii. Mno, 
flowers contain a colouring matter, called cyan in (ii. 274), which is ideiitiiMl vitli 
Marquart’s anthocyan, and occurs also, coloured by acids, in rod flowers. YeJiow 
flowers on the other hand contain two distinct colouring matters, x an thin and x;iii- 
thein, tho former insoluble, the latter sohildc in water. 

According to Martens, all plants secrete, in cells sitiiattMl in flic pnn'ncliyina UIav 
tlic epidermis, a pale yellow juice, which becomes eontinually darkm* in colour ly I'm 
action of air and light, and sometimes gradually turns red. ThiHe.vfractivi'iuiM i- 
likewise called xau the in by Martens, is generally as.sociated in plants with a I'ln.' 
pigment, the antliocyan of Maniuart and the eyanin of Fremy. Alkalis t’lrn cyii.iin 
green, and deepen the yellow colour of xanthein. 

According to Filhol, nearly all llo\ver.s contain a siiTjstance which forms colonrlcss s il i- 
tions with acids, and acquires a line yellow colour when treated with alkalis: tliis siib- 
stance was designated by Marqiiart asresin of flowers, and by Hop c (.1. pr, Clirin.x. 
269) as xanthogen (q. v.\ which name is also retained by Filhol. lie describes it :!s 
solid, of a light yellow colour, with faint greenish iridescence, soluble in water, alcoh.il, 
and ether, and very much like luteolin, with which it i.s associated in weld da/iif ' « ), 
but neither crystalline nor volatile. Xanthogen is not contained in mosses, in [)l;ujts 
w’hichgrowin the dark, or in the flowers of Pcfa7yo7iium ztmalr, P. inquinans, Pajumr 
D/t(as, or tlic various species of Salvia and Camellia. All these flowers, when trc. tel 
M'itli alkalis assume a blue or violet colour, without any admixture of green, and tiic 
colouring matter contained in them is much more stable than that of most other 

The xanthein {q. v.) of Fr(5my and Cloez exists also, according to Filhol, in many 
flowers cither alone or associated with eyanin. The x an thin of tho same chemists 
exhibits peculiar relations to chlorophyll. Its alcoholic solution is coloured green slowly 
by dilute, quickly by conccntraited hydrochloric acid, and the liquid, if expo.sedfor some 
time to tiio air, turns yellow and deposits a blackish substance which dissolvesvith 
blue colour in alcohol and ether. Bv agitation with a mixture of hydrochloric acitl 
and ether, it is still more quickly rc.soh'ed into a blue and a yellow colouring matter. 
Both xanthin and chlorophyll treated with hydrochloric acid containing a trace of mtr*c 
acid yield a nearly pure blue. Xanthin is loss easily altered by sunshine than 
chlorophyll. 

Certain yellow flowers, especially those of Crocus lutrus, contain a peculiar colouring 
mattA»r, which is amorphous, of golden-yellow colour, soluble in water and in alcohol, 
insoluble in ether, distinguished from xanthin by its solubility in water, and by not 
being perceptibly altered by hydrochloric acid. , . . 

The eyanin of blue and red flowers (ii. 274) is free from nitrogen and identim 
with the colouring matter called oonolin or osnocyanin, obtained by 
from red wine, ^lo eyanin of red flowers dissolves in alcohol and in water wi^ont 
perceptibly colouring the b'quid ; but the addition of a few drops of acid brings put me 
oolouS^ : hence Filhol regard eyanin as identical ^^dth Hope’s crythtogen (ii. 

Some red flowers, several kinds of aloe for example, contain a colouring matter ciu* 
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ill flowers contain imerystallisabl© sugar (Filhol) 

S“- 12 !Kt"S 

Tho ooloure of flowers are, for the moat part, very fomtire «n^ ti. ^ 

::;;£'s “• "" "•™"''S£2l: 

(Jia^substauee. It is yellow, resinous! TOi!^wimt hm*r hanl undr*’l f 

at O'- 0., soft at higher temperatimts, pasty at 60°, liquid at 100- , 
hwt it boils and decomposes, turning brown and cirino ofF ■! .i I ‘ 

rariwus. It dissolves atcommonU'mperaturesinSeolid (which it 

in rtlier, bensene, oU of turpentine, sulphide of carboraK nLf 

an amorphous mass when the solutions are evaporated ’ SuInhnrN^ ?’ “ 

nj.ui it ill the same manner as upon gvrtta , JX Xtiir «! rm acids act 

v'iti, oat decomposition (Pay en,tom^. n.irXv Xf it 0^ 

PIVCEMWE. Syn. with FtrocEBim 

FLUEXiliXTS. A fluoride of aluminium crystallised in mimifn i x • 

Pi talioikons, Nvith truncated apex, and oecurrinf? on nmirt/ f.trmfi rhombic 

FLVOBORXC ACIB. Seo BortoN, Fi.uodidb of (i. G33). 

PLBOCEaiKB. Baskmne. Basic fluoride of cerium from Finbo (i 834) 

.srsE. it “zf TM=r;,'''“ 

FLTJOXiXTXSa Pitclistono from Iceland. 

FLUOR. iSee Fm;or-spab, 

Ampere, in 1810 8uXstV(tnf’"r it as an oxygen-compound, 

this view w.i ift. ’^‘1? “ Mtaeid analogous to hydrocbloric acid : and 

mis UC« was afterwards experuiientally confirmed by Davy. ’ 

i'imriX:rrmcwrflXXe' ««’■ 

“teivs used fits prep^Xonl’ l>eing almost 

C'aFi + H'SOs = 2HF -t C„SO'. 

cwdmnwaiiTth ? P?**'""™ “sed, as it corrodes glass 

fluw-spar Dcrfeilv P^pare the aqueous acid in its strongest form, 

vei'rl f f puiteetly dry w mixed with twice its 

loS'e f x (fiS- *83) having a bent ^ 

is im?n ** **i to it, the lower part of which 

immersed m a freezinir iTu'’rtiir« .—v. 


stn pH vh ®<>ider mmst be used in the con- 

na 1 ‘ n apparatus, as the acid attacks tin 
aeid ^ applying a gentle heat, hydrofluoric 
bi'Dt ^ vapour, and passing into the 

tube ,8 there condensed into a liquhl. 

whii-lf prepared contains M'ater, from 

l>liori(> ^ distillation with phos- 

obtained as a gas 



(ijouvt*! p .. oorainea as a gas 

oftected in 3txu. 960) ; acconiing to Fr^my, howerer, tlie dehydration 

%nite thA complete. A better mode of obtaining the dry gas is to 

coiRDonan*^^^ hydrogcn and potassium, which then splits up into iU. 

iiy'WiTnl "‘^'y obtained by passing dry 

o Ore* Ignited fluoride of lead or other metallic fluorides. 
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FttJOBJIiES. 


Hjf<df^aoric acid alto reaulta from the decompoBition of ceztaia flaorides bv 
Thus fluoride of silicou reacts with TOter to form hTdrofluosilicie aud siUcic awdli 
SSiF* + ZBK) « 2(2HF.SlF*) + H»SiO*; 
and the hydrofluosilicic acid gradually bwalw up into fluoride of silicon, which ev 
rates, and hydrofluoric acid, which remains in solution. 

Hydrofluorio gas is colourless, has a strong acid reaction, ftimes in moist air and * 
rapidly absorbed by water. When absolutely dry, it has but little reaction on 
According to Fr^my, it condenses at - 20^ C. into^ a very mobile liquid, which 
‘rii9lently wdth water, forms white fumos in the air, and attacks glass readily. tV 
concentrated aqueous acid is a colourless mobile liquid, which boils at 16° C. ; the fume! 
are highly caustic and irritating, and the liquid itself is a mostTirulent caustic, asiugl, 
drop producing a painful ulcer very difficult to heal. Its union with excess of wat^ i 
accompanied by a hissing noise and a considerable development of heat. The nuib 
concentrated acid has a sp. gr. 1*06. The acid of greatest density, namely, 115 
more dilute, and is usually regarded as a definite hydrate, H.F.2II20, coutaininir 
36*9 p.c. HF, boiling at 120° C., and distilling unchanged under the ordinary atmospherio 

E ressure. According to Roscoo, however (Chem. Soc. Qu. J. xiii. 162), no defiaitb 
ydrate of hydrofluoric acid exists, a weaker or stronger acid giving off water or 
hydrofluoric acid when boiled, till the residue contains from 36 to 38 p.c. HF. fly 
leaving the aqueous acid of any strength to evaporate over quick lime at eonimou 
temperatures, a residue is obtiiinod containing 32*5 p.c. HF. 

From the analogy of hydrofluoric acid to hydrochloric, liydrobromic, and liydriodic 
acid, it is supposed to contain equal volumes of fluorine and hydrogen gase.s uniti.d 
without condensation, its composition being therefore 1 pt. hydrogen united with 10 ]>ts. 
fluorine and its atomic weight 20. This composition by volume has not, howevor, 
been determined directly; for fluorine itself has not been isolated in a salLsfactcry 
manner, and even the specific gravity of hydrofluoric acid gas is unknown. 

Reactions. — Hydrofluoric acid acts with energy on many elementary bodies, espe- 
cially the iiutahy dissolving them with evolution of hydrogen, and sometimes, as in 
the case of potassium^ with explosion, and forming a fluoride. It acts in this nuinner, 
not only on the metals which are dissolved by hydrochloric acid, but likewise on tliose 
which that acid does not attack, copper and silver for example. It also dissolvt s many 
elementuiy bodies which are insoluble in all other acids, namely, silicon^ horon, zirconium, 
titanium and tantalum^ giving off hydrogen, and forming a compound of the rcsultiiijr 
fluoride with hydrofluoric acid ; with silicon (unignited), for example, it form.s hydro- 
fluosilicic acid, 2HF.SiF*. Ignited silicon and titanium are not attacked l)y hydro- 
fluoric acid alone, but dissolve in a mixture of hydrofluoric and nitric acids with 
evolution of nitric oxide. Gold and platinum, on the other hand, are not attacked, 
either by the pure acid or by its mixture with nitric acid. 

Silica and the silicates are very energetically attacked by hydrofluoric acid. Silica 
dissolves in it with great rise of temperature, forming a colourless solution of liydn)fluo- 
silicic acid, 2HF,SiF‘‘or H*SiF*; if the hydrofluoric acid is concentrated, the liquid 
Ijoilfl and fluoride of silicon escapes as gas. Witli silicates it forms water, fluoride of 
silicon, and a metallic fluoride which unites with the fluoride of silicon ; e, g. with 
silicate of calcium : « „ 

CaSiO* -t- 6HF « CaF“.FiF‘ + SH-'O. 

With silicates of different composition, an excess of metallic fluoride or of fluoride of 
silicon is formed, which unites with the hydrofluoric acid. 

On this reaction depends the use of hydrofluoric acid for the decomposition of silicates 
in mineral analysis (see Siucatbs), and for etching on glass. For the latter pur^se, 
the glass is covered with etching wax; the design is traced upon it with a winted in- 
strument ; aud the glass is either exposed to the vapour of the acid, or the aqueous 
acid is poured upon it The vapour is preferable to the liquid in this respect, that tiie 
lines which it forms on the glass are ^>aque, whereas those formed by the liquid are 
transparent and not so easily seen. Etching with hydrofluoric acid vapour is tlis 
best mode of marking scales of equal parts on glass tubes and jars. 

vauvoiUBa 01* AXiimuirzinM:. (l. 157.) 

nVOatZBS or Aaemomnw. KH'F. This salt crystallises from a mWiM 
of hydrofluoric acid saturated with ammonia and left to evaporato over quick Uma 
thin hexagonal laminae, or very brittle hollow hexagonal prisms ; the crystals some 
what deliquescent.— FVwoWrfe of Ammonium and Hydrogen, or Acid fluoride 
HH^F.HFf forms slightly deliquescent rhombic ’ crystals of 91® 50', 
tennmal frees oP, and fr^uently also with the prismatic odges pw— 

ggypirphous with the corresponding potassium-salt. (Marignao, Ajul Ch.Faann* 

artiirowa>B 07 AinnxmirTo See AmiMozrr, Fnuo ws ox (n * 
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AOOBIBX one A KfinW C. See Assgsic, Fivobidk of (i 871). 

AVOlUSa •*" *®**J[*?^j pH*p,P. (Borodine, Cimento, xr. 305 ; Bfejw 
Phim. P«i«' 1*®'^' P- 836.)— Obtained by mmng m a platinum retort I at. ehloride S 
Vnzorl and rather more than 1 at. a^id deoride of potassium, distilling as soon as 
wDOurs of hydroduoric acid cease to go off, and collecting in a small platinum receiver 
Ihrportion which distils between 165^ and 160^,* The product maybe fiirther 
nurified by fractional distillation. The reaction is represented by the equation : 

^ C'H'OCl + KRHF « C’H»OF + KCl + HF. . 

Fluoride of benzoyl is a colourless oily liquid, heavier than water, and having an 
odour even more irritating than that of the chloride. It boils at 161*6° (correct^) 
under a pressure of 746 mm. When pure, it scarcely attacks glass ; nevertheless its 
vn|iour*de]isity cannot be taken in glass vessels. It dissolves witliout decomposition 
in (th(r; is converted by water into benzoic and hydrofluoric acids ; forms with potash 
Uuzoate and fluoride of potassium ; with alcohol, benzoic ether, and with ammonia^ 
beiizainidc. It does not appear to unite with metallic fluorides. 
nirOXIBB or BAUVAS. See Ba.rium, Flvobide of (i. 604). 
rLUOBtDB or BOBOV. See Bohok, Fluoride of (i. 632). 
rLVOBXBBS or CABMXim, CABCltm, CBBZITM, COBAX.T, 
COPPSBf &c. See the several metals. 
pLirOBlBB or BTBYXi. See Etiitl, Fluoride of (ii. 633). 

FLVOBZDB or KTBBOOBV. See Fluoruyuric Acid (ii. 669). 
PLUORZBB or PBOSPBOBU’Sa See Phosphorus, Fluoride of. 
PLUORZDB or SZUCOV. Sec Silicon, Fluoride of. 

riiUORZBBBi MBTAXiBZC. These compounds are formed; 1. By beating 
liydn)fluoric acid with certain metals. — 2. By the action of that acid on metallic oxidi'S 
or carbonates. — 3. By heating electro-negative metals, antimony for example, with 
Huorule of lead or fluoride of mercury. — 4. Volatile metallic fluorides maybe prepared 
by hoiiting fluor-spar with sulphuric acid and the oxide of the metal. — 5. Insoluble 
fluorides, such as fluoride of calcium may be formed by precipitation. 

Fluorides have no metallic lustre; most of them are easily fusible, and for the most 
purl resemble the chlorides. When dry, they are not decomposc'd by ignition, eithei 
alone or when mixed with clmrcoal ; but when ignited in contact with the air, in a flame 
which contains aqueous vapour, many of them areconverted into oxides, while the fluorine 
is given off as hydrofluoric acid. All fluorides are decomposed by chlorine and con verte« i 
into chlorides. They are not decomposed by phosphoric anhydride, unless silica is 
I^reseiit. They are decomposed at a gentle heat by strong sulphuric acid, with forma- 
tion of a metallic sulphate and evolution of hydrofluoric acid. 

The fluorides of tin and silver are easily soluble in water ; those of potassium, sodium, 
and iron are sparingly soluble ; those of strontium and cadmium very slightly soluble, 
and the rest insoluble. The solutions of fluoride of ammonium, potassium, and sodium 
have ail alkaline reaction. The aqueous solutions of fluorides corrode glass vessels in 
which they are kept or evaporated. They form with soluble calcium-salts a precipitate 
of fluoride of calcium, in the form of a transparent jelly which is scarcely visible, 
l>ocau8e its refractive power is nearly the same as that of the liquid ; the addition of 
ammonia makes it plainer. This precipitate, if it does not contain silica, dissolves with 
difficulty in hydrochloric or nitric acid, and is roprecipitated by ammonia. The 
aqueous fluorides give a pulverulent precipitate with acetate of lead. 

The fluorides of antimony, arsenic, chromium, mercury, niobium, osmium, tantalum, 
hn, titanium, tungsten, and zinc, are volatile without decomposition. 

Double tluorides. — ^Fluorine has a groat tendency to form double salts, consisting of 
a fluoride of a basic or positive metal united with the fluoride of hydrogen, boron, 
fliUeon, tin, titanium, zirconium, &c., e.g , : 


Fluorliydrate of potassium 
Forofluoride of potassium 
Silicofluoride of potassium 
Titanofluoride or potassium 
SUnnofluoride of potassium 
^iiuoftuoride of potassium 


KHF» « 
KBF' « 
K^SiF* - 
K-'TiF- = 
K’^SnF* « 
K*ZrF« * 


KF.HF. 

KF.BF* 

2KF.SiF*. 

2KF.TiF^ 

2KF.SnF^ 

2KF.ZrF^ 


It will be observed that the double fluorides of silicon, titanium, tin, and zircouiom 
^presented by corresponding formnlfle. It appears indeed from the ei^nments 
otMarignac (Ann. Ch. Pharm. evii. 94; cxi. 380; cxvl 359.— Ann. Ch. Fhys. 

of tht thermometer ihould be protected by placing It within a small tube of 
dirooith the tubulure of the retort. 



■ ^■^B'WORTpES, FLUCltlNE.-^- 

257.rr?:Jabresb^ f. Che^ 1858, p. i44; 1859, 100 ; 1860 a 134' a 

iBltlpiftsiwjid^ fluoridfcji of silicon, tiu, and%inSin eiystallise for tltettr* 

the same number of atoms of water, and are-lsomorphous with each 
tte s and stannofluorides of Btroatium crystallise each 'tl' 

watCTi have nearly the same degree of solubility in water, and form • 

cr^st^ in' which : ooP is, in the former, « 84® 16', in the latter 
23'. The zinc-fluorideh of tin and silicon crystallise with 3 at water in hexaeo 1 
j^sms with rhombohedral faces, in which R : R « 127® IG', and similar foj* , 
aJ« exhibited by the corresponding salts of nickel (R : R a=127® 30') and oidnlb ** 
(B:R for the stannofluori<le 127®). Tlio corresponding salts of cobalt, iro*^ 
manganese, and copper are likewise isomorphous with the preceding, and 
with them in their optical properties. The zircofluorides or lluozirconates exhibitj.^ 
morphism with the corresponding siiicoflnorides, &c., in a few cases, but by no means 
in all. ^ 

The great tendency of fluorine to form double salts, has led to tlie idea that it 
should be regarded as diatomic and analogous to oxygen, with the atomic weight 38 
rather than as monatomic and analogous to cldorine, with the atomic w'cight 19. On 
this supposition, denoting the larger atom of fluorine by Ff, the formiilm of the lluorids* 
would be os follows : 


Hydrofluoric acid . . , ■ . . 

• =* 


Fluoride of potassium and hydrogen , 

. - 


Fluoride of potassium 

. - 


Fluoride of boron 

. = 

WFP. 

Borofluoride of potassium .... 

. * 

Kjm 

Fluoiide of silicon 

. « 

SiFP, 

Silicofluoride of pota.s.siuiTi .... 

• cs 



The question cannot be directly decided, because, as already observed, the vapouN 
densities of fluorine and of hydrofluoric acid are not known ; but the recent experiments 
of Borodin e (Cimento, xv, 305 ; R^p. Chim. pure, 1862, p. 334) tend strongly to the 
conclusion that fluorine is monatomic, as hitherto supposed, and that the doiilde 
fluorides are analogous to the double chlorides, iodides, &c., rather than to the double ’ 
sulphides and oxides, or to the double salts of dibasic acids. 

The fluorides of potassiinn and sodium have a great tendency to unite ^T^th hydro- 
fluoric acid, and form acid fluorides, and consequently they readily give up half their 
metal even to the weakest acids. Thus a solution of fliioride of potassium mixed with 
dilute acetic acid yields, by evaporation, crystals of the salt KF.Hb' : 

+ 2KF = KF.ITF + C“II'‘KO^ 

A similar action takes place with fluoride of sodium. 

An aqueous solution of benzoic acid docs not act on fluonde of potassium ; but an 
alcoholic solution of that acid mixed with the aqueous solution of the fluoride yields a 
crystalline precipitate, which is a mixture of acid benzoate and acid fluoride of pot^ 
sium, CTI^KO®. C'lPO^ + KF.HF, A similar action is exerted by valeric, citric, 
oxalic, and tartaric acids. Hence it appears that all organic acids decompose the 
fluorides of potassium, or of sodium, forming an acid fluoride, but do not themselves unite 
with the alkaline fluoride in the same manner as hydrofluoric acid does. 

FXiiroaZBBS, ORO Airxc. Only a few compounds of fluorine with organic 
radicles have been obtained, viz. the fluorides of benzoyl (p. 671), (p. 533), 

methyl {<[. v.). 

FXilTORZXra. Atomic weighty 19 ; symbol^ F. This element is widely diflueo^i bnt 
not in lam quantities. It occurs most abundantly as fluoride of calcium, and is aJM 
found in boride of cerium, topaz, cryolite, warwickite, and yttrocerite ; and in smsu 
quantity: in fluor-apatite, wagnerite, amblygonite, wavelUte, and many other minerals. 
It also c^curs in bones and teeth, both recent and fossil, and in r^rine. 

; Wils^ of Edinburgh, has shown that fluorine exists in a great number of plaW 
especiajdy in the siliceous stems of grasses and cquisetaceous plants, always, 
in and variable quantities. He supposes that soluble A™**®, 

y conlj^c^ds diffuse themselves through the rising sap of the plant, 

Tiftt^ by the silica contained therein, into soluble silico-fluorides!*^:^ 
fluorine also occur in the trap-rocks near Edinburgh and in the neighfa 



fluorine ! DETECTION AND ESTIMATION. 

'If. . ^ ^ 

<*•1 in the granites of Abe^eenshire, and in the soils formed by the duint^i|atid» 
^tht^rocka Wilson has aw found slight traces of fluorine in the ashes of ox* 
ffiSi milk, and cream* chees^ and very slight traces in the ash of the whey of milt 
J- li“* 356 ; Chem. Gaz. 1850, p. 366.) 

quantities of fluorine have been found in the waters of the Seine, Rhone, 
Loire, and other rivers (NickUs, Coinpt. rend. xliv. 783 ; xlv. 331. Mine, 
^ L 731) und in larger quantity in certain mineral waters, especially those of 
r^tK'xivUie, Antogast, and ChAtenoia. (NickliB.)_ 

According to Nicklfes, fluoride of calcium occurs in all waters which contain acid 
earbonate of calcium, and may tlierefore be found in all calcareous rocks and minerals 
formed by sedimentary deposition. 

Of fluorine in the free state wo know but little. Fluorides are decomposed by 
hlorino and converted into chlorides, and doubtless the fluorine is at the same t ime 
let free ; hut it directly enters into combination with the material of almost every 
vessel liiat can bo used to receive it, so that its isolation is a matter of great 


Louy et (Compt. rend. xxii. 960) decomposed fluoride of silver by means of chlorine 
or iodine in a vessel made of fluor-spar, and obtained a gas which was colourless in 
thin strata, did not bleach vegetable colours, decomposed water rapidly, and at- 
tacked most metals, not liowever, gold or platinum. Fr6my (Compt. rend, xxxviii. 
393 ■ il. 966), by submitting fused fluoride of potassium to the action of the voltaic 
current, obtained a gae which rapidly attacked platinum, decomposed water, with for- 
mation of liydrofluoric acid, and displaced iodine from its combinations with metals, 
by decomposing fluoride of calcium at a red heat with dry chlorine or oxygen, ho like- 
wise ol»tained a gas which rapidly attacked glass : this gas appeared to be fluorine. 

II. Ke ill sell (N. Jahrb. Pharm. xi. 1), by heating a mixt ure of cryolite, peroxide of 
lead, and acid sulphate of potassium, obtained a colourless gas, chiefly consisting of 
oxygen, but having a pungent odour, like that of nitrous acid, which he attributed 
to the presence of a small quantity of free fluorine. ^ ^ _ i. « * j 

Kainmeror (J. pr. Chem. Ixxxv. 462), by heating iodine with excess of fluoride 
of silver in a sealed tube, from which the air had been expelled by iodine-vapour, 
obtained a colourless gas, which did not attack glass, could bo collected over niercMiry, 
Hud was rapidly absorbed by potash, the liquid subsequently not exhibiting a trace of 
iodine or of silicon. 


rLVORXirS, BBTBCTZOW abb SSTZMATXOB or. l. Keacthns.^ 
Fluorine is usually detected by the evolution of hydrofluoric acid which takes 
plsi 'o whon its compounds are heated with sulphuric acii When a fluoride is gently 
heated with strong sulphuric acid in a leaden cup or platinum crucible; the vessel 
covered with a plate of glass coated with etching-wax on wliich lines are traced with 
a needle, so as to expose the surface of the glass, the plaU* removed after a 
the wax scraped oflT; the lines are found to be bitten in, and appear particularly distinct 
when breathed upon. ... i .. 

If the fluorine is in very small quantity, or if silicii is likewise present, the anbsta nee 
underexamiuation should be mixed with strong sulphuric acid in a xvatch-glass, heated 1 1 
it is dry, and the residue washed off with water ; the spot on whicli 4he mixtnn? luis been 
evaporated then appears dull. Another method of detecting small quantities of fluorine, 
is to heat the substance (mixed with silica if that body is not already present) wit 
strong sulphuric acid in a glass vessel ; pass the evolved fluoride of silicon into water , 
supersaturate the resulting hydrofluosilicic acid with ammonia; evaporate to dryne.ss, 
cxJiaust the residue with water; again evaporate the filtrate; and test tho residue m 
the ordinary way, by heating it with sulphuric acid in a platinum vessel covered wit 
a waxed glass plate. (O. Wilson, Chem. Soe. Qu. J. v. 161.) 

Nickliis (Compt. rend. xUv. 679) points out that in searching for trac^ of 
fluorine, error is very apt to arise from the presence of small quantities of hydioflu 
acid in the sulphuric acid used ; also from the fact that certain other acids m the sUi a 
of vapour act upon glass in a similar manner to hydrolluonc . 

powerfully. He states that a surfece of rock-crystal completely withstands ^tion 
of all acids except hydrofluoric acid, and that by using it instead of glass, the 
Juinutest traces of fluorine may be detected with certainty. • 

qaantities of fluorine m«y hUo be detected by the 
•tthetance examined likewise contains water. A sample is y , , . 

Pxaecosmic salt, and heated at the end of a glass tube open 

that the flame may be partly driveu into the tube. If 

acid is given off, and condenses, together wi J^P® , .„__j 

iJ^ler part of the tube; on evaporating the water, a duU spot is found 
itv Ihe hydrofluoric acid has acted on tho glass. 

XX 
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2. QuanUtati^B Solid fluorides are de<»mposeu uj aeaunet^c 

in ft platinum cruciblo with strong stdphuric SE^Vf, continuing the heat till 
fluorine is expelled in the form of hydrofluoric acid, and the excess of 8ulphi^a<^j&' 
likewise drawn oif. The residual sulphate is then weighed, and the ? 

in it calculated ; this quantity deducted from the original weight of the fluos^^^u 
the quantity of fluorine. Or, supposing no other rolatile acid to be presenti if the 
difference in the weight of the fluoride and the sulphate formed from it bc dj fla 
quantity of the fluorine may be found by means of the equations, 

SO" 48 

SO*-P = rf; pr” Ig! 
wiience the quantity of fluorine which goes off is 


F* 


.-ii- d 

48-19 


1 ? 

29 


d. 


The second mode of calculation is equally applicable, whether the fluorine be ^ 
Lined with one metal or with several. 

SoAu fluorides, especially the fluoride of aluminium, are somewhat difficult to de- 
compose by sulphuric acid. In this case, the substance must be reduced to extremely 
fine powder, and heated for some time with very strong sulphuric acid. The decompo^ ^ 
sition may, however, bo more quickly effected by fusion with acid sulpltate of 
nium» 'When fluoride of aluminium is thus treated, and the residual sulphate of alittni- 
nium calcined with addition of a small quantity of carbonate of ammonium, a residue oi 
pure alumina is obtained ; and by calculating the quantity of aluminium contained 
therein, the amount of fluorine may be determined by difference ; if, however, the 
fluoride contains water, the amount of the water must be previously determined. 

In decomposing fluorides by sulphuric acid, it is often desirable to estimate the 
amount of fluorine directly. For this purpose, the acid vapours evolved are passed 
into water, and the amount of fluorine is determined by means of oxide of lead, as will 
be presently explained. 

As gaseous fluoride of silicon is more easily separated from solid compounds 6y the 
action of strong sulphuric acid than hydrofluoric acid, Wohler has proposed to aete^ 
mine the fluorine in certain compounds by mixing them with si/tca, and treating 
with strong atdphuric acid. The fluorine is then given off as fluoride of silicon, 
when passed into water, is resolved into a precipitate of silica and a solution ef hydfejh 
fluosilicic acid. The liquid separated from the silica by filtration is mixed with ale^< 
hoi and with a salt of potassium, sodium, or barium, whereby a precipitate is formed,' 
containing the whole of the fluorine in the form of silicofluonde of potassium,. 
Bodium, or barium ; this precipitate is collected on a weighed filter, wasliKl with a 
mixture of equal volumes of alcohol and water, dried at 100° C. and weighed, and the 
amount of fluorine determined from it by calculation. 

Estimation of Fluorine in Solutions : a. By means of Oxide of Lead. — In a liquid 
containing hydrofluoric acid, unmixed with any base, or with any acid except nitric 
acid, the quantity of fluorine may bo determined by adding a weighed quantity of 
pure calcined oxide of lead, evaporating to dryness in a platinum capsule, and cal- 
cining the residue in a small platinum crucible, taking care not to raise the heat 
high enough to decompose the fluoride of lead. The solution must not contain ammonia 
or any of its salts. The residue exhibits an increase of weight, arising from the substitu- 
tion of fluorine for oxygen ; and a calculation similar to the above shows, that tm 
increase is to the quantity of fluorine in the residue^ in the same ratio as the different 
between the atomic weight of fluorine and hedf the atomic weight of oxygen is to iss 
atomic weight of fluorine. Hence if the increase of weight be cf the quantity of fluonna 
in the residue is 


. .. Jt 

b. By precipitation as Fluoride of Calcium. — In neutral liquids containing 
fluorides, the fluorine may be precipitated by chloride of calcium. To 
deposition of the precipitate, the whole must be boiled, and left to its^ 
dpitate to settle aown ; the clear liquid then poured through a filter;^' 
precipitate well boiled jrith water ; the clear liquid again poured off; and"^ 
tiona rej^ated several times, the precipitate not bein^ poured upon the t 
been ww washed by decantation. It is then dried, ignited, and weighed^ It < 

48*32 per cent of fluorine. 

If the solution is aci<i it is best to supersaturate it with carbonate: 
add f solution of chloride or nitrate of calcium, which thro^vdowU:;^ 
flttbilde and carbonate of calcium, much easier to Alter and wUah " 
alone. It is dried and ignited, the filter being burnt in the-eitc__ ^ ^ 
digested in a platinum capsule with acetic acid, which decomposes and^^ 
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of calcium, l>ot leaves the liaoride untouched. The whole is evaporated 
over the water-bath, till the rraidue no longer smells of acetic acid ; and 
“ tested with hot water, which dissolves the acetate of calcium, leaving 
washed, dried, and weighed as above. If the precipitate 
?®^^J^^cined before being treated with acetic acid, it would stop up the pores of 
during was W . , , , 

^If the solution of a fluoride contains ammoniacaJ salts, they must be decomposed by 
yfRuff with carbonate of sodium before precipitation, inasmuch as fluoride of calcium 
is swaewhat soluble in ammonia-salts. 

" jjoorine may also be precipitated aB of barium^ or of had; but these modes 

of etoiation are less exact than that which is based on the precipitation by calcium 
gaits as just described. 

fSttimUon of Fluorine in ineolMe convpounds . — ^When the quantity of fluorine in 
Btt insoluble compound is somewhat considerable, the method of estimation by decom- 
position with sulphuric acid (p. 674) is the simplest and most accurate that can bo 
mployed ; but very small quantities of fluorine cannot be exactly estimated in this 
manner. *Tho best mode of proceeding in such cases, is to convert the ina^luhlo 
fluoride into a soluble fluoride by fusion with an alkaline carbonate^ treat the fused 
mass with water, and precipitate the filtered solution with chloride or nitrate of calcium 
in the manner already described. Some of the earthy fluorides, however, especially 
flaflride of calcium, which is of frequent occurrence as a natural mineral, cannot be 
completely decomposed by this pi*ocos8. . In all c;iscs, however, complete decomr^osition 
may be effected by fusing the fluoride with a mixture of alkalbie carbonate and silica ; 
fluoride of calcium thus treated yields a mixture of alkaline fluoride and silicate*, with 
carbonate and silicate of calcium. On treating the fused mass with water, a solution 
is obtained containing a fluoride of the alkali-metal, together with carbonate and a 
Biniill quantity of silicate. The silica may be precipitated as silicate of zinc, by adding 
to tho alkaluie liquid a solution of zinc in ammonia; and from the flltnite, which eontaiiis 
fluoride and carbonate of the alkali-metal, the fluorine may be precipitated by acalcium- 
Rilt, And the estimation completed in the manner already described. 

Esthnation of free Hydrofluoric add in presence of Fluorides . — In compounds of 
metalUe fluorides with hydrofluoric acid, the amount of the latter may often be esti- 
lilted by simple calcination in a platinum crucible. In some cases, however, the 
q^ual metallic fluoride is partly decomposed by contact with the air. To avoid 
source of error thence arising, Berzelius mixed the compound with six times it. s 
'weight of oxide of lead, and calcined the whole in a small retort. The free hydi*o- 
flu<iric acid is then decomposed, yielding fluoride of lead and wal er, whicrh escapes and 
may be estimated by loss, and the equivalent quantity of hydrofluoric acid^ thence de- 
tennined. Another portion of the compound is deconi{X)sed by sulphuric acid (p, 674) ; 
the quantity of fluorine existing in the compound as metallic flu«)rido i.s determined 
from tlie amount of sulphate thus obtained ; and thi.s, added to the quantity present 
aa hydrofluoric acid, gives the total quantity of fluorine in the compound. 

If tho compound likewise contains water of crystallisation, the loss of weight 
resulting from calcination with oxide of lead represents the sum of this water of crys- 
tallisation, and the water which is formed by combination of tho hydrogen of tlie 
hydrofluoric acid with the oxygen of the lead-oxide. The total quantity of fluorine 
originally in combination with the metal, may then be determined by heating tho 
calcined residue with sulphuric acid ; and this diminished by the quantity originally in 
combination with the metal, — which may be determined by heating a separate portion 
of the original substance with sulphuric acid, as above, — gives the quantity present 
as hydrofluoric acid. The amount of water equivalent to this latter quantity may 
then be calculated, and this deducted from the loss of weight resulting from calcina- 
flon with lead-oxide, gives the amount of water of crystallisation. 

3. Separation of BHiiorinefromother elements. — 1* Mitah. Huorides 

ij^lttble in water or in acids may, in many cases, be decomposed by prccipitatmg tno 


is ^d, the precipitation of the metal must be performed in a platinum vesse 
.(‘‘fee free %drofluonc acid attacks glass), and the liquid filtered on a platinum fnnuel 
ma^ Bupereaturated with the ^ 

without previoua filtration, by sulphuric acid: the liquid then A"®'™. 
iW the fluorine precipitated by chloride of calcium : by proceeding in this manner, the 


process may be performed in glass vessels. < e i « 

lands of fluorine with metals which are not prmpitoted by “ 

the fluoriflee of the oarth-metels, cannot be decomposed in this manner, 
»1««st t^»»ted either with sulphuric acid (p. 674), or by fusion with carbonate of 

•wwftand saicu. 

X X 2 
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From CKrwme add, — ^Wlien a aoS^T^^Hontainlng hydroflaoric and chiomlc addf 
treated with chloride of calcium, aanw qtiantitj of chromic acid is always precipituM 
together with the fluoride of calcium, and consequently exhibits a green colour 
calcination, the chromic acid having been partly r^uced to sesquioxide by the com! 
bustion of the filter. To separate this small quantity of chromium, the calcined nw! 
cipitate is moistened with sulphuric acid, which decomposes it completely, and the de- 
composed mass is heated with alcohol diluted with half its bulk of water, and 
the resulting sulphate of calcium is washed with alcohol. The filtered solution, which 
contains all the chromium in the form of chromic sulphate, is treated with ammouia, 
which precipitates the chromium in the form of sesquioxide. 

The liquid Stored from the original precipitate of fluoride of calcium containf the 
greater part of the chromium in the form of chromate of calcium. The chromi?aeid 
u reduced-^ susquioxide by means of hydrochloric acid and sulphydric acid or 
alcohol, and chi’omiurn precipitated by ammonia from the filtrate as sesquioxide. 
From this quantity, added to the small quantity previously determined, the amount of 
chromic acid or metallic chromium in the compound may be found by calculation. 

The quantity of chromate of calcium equivalent to the sesquioxido of chromium 
separated from the fluoride of calcium, must also bo determined ; and this deducted 
from the total weight of the calcined precipitate, gives the exact quantify of the fluoride 
of calcium. This method may serve for the analysis of fluoride of chromium (i. 946). 

For the separation of fluorine from Boron see i. 631. 

Separation of Fluorides from Phosphates. — Fluorides frequently occur in nature in 
conjunction with phosphates, as in apatite and in bones. To analyse such a com. 
pound, it is first heated with sulphuric acid, to expel the fluorine ; the residue digested 
with alcohol to dissolve the phosphoric acid which has been set free ; the quantity of 
that acid determined by precipitation with ammonia and sulphate of magnesium ; and 
the metals, now remaining in the form of sulphates, determined by the usual methods. 
Lastly, the total weight of these metals, togetlier with that of the phosphoric acid, or 
rather of the corresponding salt-radicle (PO\ if the phosphates are tribasic)i8 deducted 
from the original weight of the mineral; and the difference gives the quantity of fluorine. 

For the separation o^ fluorides from silicates^ see Sir.icoN, Estimation ok. 

Separation of Fluorides from Sulphates, — Some fluorides occur in nature mixed 
with insoluble sulphates ; fluor-spar with sulphate of barium for example. Such a 
mixture cannot be completely decomposed, cither by hydrochloric acid, or by alkaline 
carbonates: for hydrochloric acid, besides dissolving a small quantity of the sulphate, 
leaves a portion of the fluoride of calcium mixed with the undissolved sulphate ; and 
fusion with alkaline carbonates decomposes the sulphate of barium completely, but 
not the fluoride of calcium. The only way of effecting the complete decomposition of 
such a mixture is to fuse it with a mixture of alkaline carbonate and silica; best with 
six times its weight of a mixture of potassic and sodic carbonates in atomic proportions, 
and 2 pts. of silica. 

The fused mass is treated with water, the whole evaporated to dryness to sepanite 
the silica as completely as possible, the alkaline liquid then supersaturated vith 
hydrochloric acid, and precipitated by chloride of barium. Sulphate of barium is 
thereby precipitated quite free from fluorine ; this determines the sulphuric acid. 

To determine the fluorine, the alkaline lu;|uid from another portion must be suptT- 
saturatod with nitric acid, the suiphurie acid precipitated by nitrate of barium, the 
filtrate exactly saturated with carbonate of sodium, and the fluorine precipitated as 


fluoride of barium by addition of alcohol. 

The residue insoluble in water is treated with hydrochloric acid; the whole is 
evaporated to dryness, the dried moss moistened with hydrochloric acid, and boihid 
with water to separate silica, and the baryta and lime separated in the filtrate by 
methods already giver, (i. 717). 

Scparati<m of Fluorine from Chlorine. — In neutral soluble compounds, chlorine 
may be separated from fluorine by precipitation with nitrate of silver. The excess of 
silver is then separated by hydrochloric acid, the filtrate saturated with carbonate of 
sodium, and the fluoride precipitated as fluoride of calcium. ^ . 

Or the fluorine may bo first precipitated by nitnite of calcium, and the chlonne 
fh>m the filtrate by nitrate of silver. This is the easier method of the two. ... 

To effect the separation of chlorine and fluorine in insoluble compounds, 
most cases necessary to decompose the compound with a mixture of alkaline 
and. silica. The fused mass is then treated with water, which dissolves the 
and fluoride of the alkali-metal, together with the excess of the 
and a small quantity of silica. The residue is washed with ^ter s^n^aining ^ 
bonate of ammonia, and the alkaline filtrate is exactly neutralised IjitH nitne sj^ 
to separate the dissolved silica, the liquid again filtered, auLth^ ehlorine nnd flnoBiw 
separated as above. 

Similar methods may be used to separate fluorine from bromine Biid iodiM, 



FLuoR-s^."' en 

A Atomic of Fluorine^ (Pogg. Ann. L 1; Lehrb. 

*U Aufl. iii. 1196) determmed tho atomic we%llt of flnorine by converting known 
^iffhts of fluoride of calcium into sulphate, by decomposing it with pure sulphuric 
S and igniting and weighing the product. 

100 ptfl. of Derbyshire fluor-sp^ gave, when thus treated, from 173 63 to 173*86 pts. 

Inhale of calcium. The material used for these experiments was, however, after- 
**ards found to contain phosphoric acid and magnesia, so that tho following determi- 
lutions, made with artificially prepared fluoride of calcium, may bo considered more 
^i^ratc. lOOpts. of the latter tnaterial gave — 174‘9, 176 0, and 176T, on the average 
1^0 pts, sulphate of calcium. Taking Ca «= 40, S =« 32, and 0 = 16, these results 
leadio the number 18*85 for the atomic weight of fluorine. Berzelius, however, con- 
fiid^ this number as still only approximately correct. 

Louyet (Ann. Ch. Pharm. Ixx. 234), on repeating the determination in the same 
* ffot nearly similar results. 100 pts. of almost colourless Derbyshire fluor-spar 
cavo him from 173*6 to 17*^*6 pts. sulphate of calcium ; mean 173*53 pts. Artificial 
fluoride of calcium gave 173*4, 173*6, and 173*7 pts. sulphate of calcium. The mean 
of these analyses gives 19*2 as tho atomic Weight of fluorine. 

Louyet observed, liowevcr, that tho complete decomposition of fluor-spar by sul- 
phuric acid, took place only with great difficulty. Finally, lie succeeded in efTecting 
It by pulverising the fluor-spar very flnely, treating it in tho cold witli concentrated 
Bulphuric acid, heating the mixture when the spar was entirely dissolved, and then 
Btrongly igniting the residue. 8ix experiments made in this way gave from 174**2 to 
174*5 pts. sulphate from 100 pts. of fluoride of calcium. The atomic weight of 
fluorine hence deduced is 19*0. Experiments with artificial fluorides of calcium, 
l)ttriuni, and lead, confirmed this result (Handworterb. 2“ Aufl. ii. [1] 485). 
Dumas’ experiments on the decomposition of native fluoride of calcium, and of the 
artificially prepared fluorides of potassium and sodium by sulphuric acid, also gave 
for tliiorinc the number 19 (Ann. Ch. Pharm. cxiii. 20). 

rXiirOR-SPAR. CaF** Fluor. Fluorite, Flti-oridc of CaJekm, Fluate of 
Lihic. Fatoffkite, Chlorophane. JUue John. Liparite, Chaux JluaUe. Fluss-spath. 
Muria phoaphorans.—'iWi^^ mineral crystallises in simple forms of the inononietric 
svstc'in ; viz. the cube, octahedron, rhombic dedecahedron, tetrakis-hexahedron 30oo 
(like Jifj. 484, which represents 20 op), also in combinations of the cube and 


Fig. 484. Fig. 485. 
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ft diagonal in common, and one turnip vonnd 180® from the position of the oth 
more frequently, however, the intersection is not quite so regular, the cubes 
being of different sizes, or haring their diagonals parallel, but not exactly coinc^ l ^ 
Cleavage, octahedral perfect {Kopp^s KTp$taUographie^ p. 122). — Fluor-spar also 
columnar, though rarely ; often granular, coarse or fine. ^ 

Hardness = 4. Specific gravity 314 — S19, or according to Kenngott from 
amination of 48 specimens, 3*1800 — 3*1889, mean 3*1 83. ’ 

Fluor-spar is transparent to aubtranslucent, and has a glassy, sometimes splende t 
lustre. It is sometimes perfectly colourless and transparent, but much more freqm-atlj 

488. F?^.489. 








coloured, exhibiting veiy pure and bright tints of yellow, green, blue, and of As 
most various shades. These colours do not arise from the presence of mineral pig- 
ments, for they nearly all disappear when the mineral is heated to redness. On the 
other hand, it is by no means probable that they are due to the presence of organic 
matter; they appear rather to depend upon the molecular structure of the mineral, and 
to be connectea with its property of exhibiting phosphorescence when heated (Handw. 
d. Chem. iiL 171). Streak white. Brittle. Fracture of fine massive varieties, flat 
oonchoidal, and splinteir. 

Nearly ^varieties of fluor-spar, especially in the state of powder, when 
temperature somewhat below r^ness, exhibit vivid phosphorescence, the 
being of various colours, and independent of the external colour. This effect my 
produced several times sueceesively with the same specimen of fluor-spar, provided tw 
temperature ^ not raised above a certain limit ; but above this limit the inineiaj com- 
pletely loses its phosphorescent power, and likewise becomes colourle^, ft coincidence 
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eliicli flccms to indicate that the conditions which produce the colour and the phos- 
ohoresrence are the same, or at least closely related. The phosphorescent power 
^bieh has been lost by exposure to a high temperature, may be partially restored bv 

•n electro , 

Pefore the blowpipe, fluor-spar decrepitates and ultimately melts to an enamel If 
the flame be continued, the fluOTine is partly expelled, and the specimen assumes a 
rsuliflower-like appearance. Easily decomposed by beating with strong sulphuric 
acid (p. 669). 

Pure fluor-spar contains 48*7 per cent, fluorine and 61*3 calcium. The mineral 
cpncrdUy, however, contains small quantities of phosphate of calcium, and sometimes 
Bulphate of barium. Berzelius found 0‘6 per cent, pbospliuto of calcium in the fluor- 
epivr of Derbyshire. Keralen, in a fluor-spar from Marienberg and Freiberg, detected 
ii small quantity of chlorine. ^ The blue granular or earthy variety called Katoffkite, 
from Ilitoffka in Russia, is mixed with clay. 

Fluor-spar is a mineral of very frequent occurrence, especially in association with 
metalliferous veins ; as with silver, copper, tin, lead, and cobalt ores. It sometimes 
occurs as an unessential constituent of certain rocks, especially of some varieties of 
granite aud porphyry, and most frequently where these rocks border on others. It 
^-cura, however, also in distinct veins, as in the neighbourhood of Freiberg and in the 
Ilarz. In the latto district, near Stolborg, there is a veiy entensivo vein of compact 
fluor-spar, which has for years supplied the Mansfeld copper works with the fluoride of 
(‘alciiiin which they require as a flux. 

In the North of England, fluor-spar forms the gangue of the lead-veins which inter- 
R'cl the coal-formations of Northumberland, Cumberland, Durham, and Yorkshire ; the 
Cuniberland fluor, especially the green variety, often contains drops of liquid. It is 
abundant in Derbyshire, and also in Cornwall, wln^e the veins intersect much older 
rocks. Professor Rogers has detected it in cannel coal. 

Fluor-spar is also found abundantly in many parts of North America. A remarkable 
locality, now exhausted, was discovered on the lairders of Muscalongo Lake, in r- 
son county. New York, where cubical crystals, some of them more than a foot tbroiigli, 
aiifl having a greenish tinge, were found in granular limestone. Chlorophane fimna two 
veins in gneiss about 18 inches wide in Ihe town of Trumbull, Connecticut, together 
with topaz and magnetic ]'>yrites. 

Fluor-spar is much used as a source of hydrofluoric acid (ii. 669), and as a flux in me- 
talliirgic operations, for instance, in Devillo’s method of preparing aluminium (i. 160). 

A/ttrcd forms. — Fluor-spar is slightly soluble in water containing acid carlK)nate of 
calcium. The alkaline carbonates decompose it, producing carbonate of calcium or 
calc^ipar, and a subsequent cfiange of the calcspar may produce other pseudomoriihs, 
kluor-spar occurs changed to quartz by substitution, also to liinonite, Inematite, litho- 
marge, psilomebine, cahimine, smithsouite, and cerusite. (Dana, ii. 96.) 

F:LTr0SZXiXC4^nrZXiX3>B- A product of the decomposition of pbenylamino by 
fluoride of silicon. (See Puenylamine, Decompositions.) 


rx.uoszXiZc.aTB8. 

rXiUOT8.irTii.&ikTB8. 

rxuOTXTil.ai'A.TSIS. 


[,Sco FniroRiDES, also Silicon, Tantalum, and Tita- 
nium. 


-A. general term for any substance or mixture added to assist the fusion of 
minerdls. In the large way, limestone and fluor-spar are used na fluxes. The fluxes 
'Wed in jwisays op blowpipe experiments consist usually of alkalis, which render the 
'^i^ctures fusible by converting them into glass, or else glass it.self in powder. 

Alkaline fluxes are either the p^ude flux, the vfhitu flux, or the hfavic flux. Crude 
flux is a mixture of nitre and ti^ar, which is put into the crncihlo with llie mineral 
intended to be fused. The detonation of the nitre with the inflnmmjible nuitter of the 
tartar is of service in some operations, though generally it is attencled with incon- 
venience, on account of the swelling of tho materinis, wliich may throw them out of the 
vessel, if proper care be not taken either to throw in only a little of the mixture at a 
pwide a large vessel 

flux is formed by projecting equal parts of a mixture of nitre and tai^r, by 
moderate portions at a time, into an ignited crucible. The mass thus obtained is 
jvnite, because, in this proportion, the oxygen of the nitre is more than sufficient for 
‘he combustion of the carbon in tho tartar; but for that very reason the residue con- 
wns a cd^ii^derable quantity of nitrite of potassium, and likewise some nitrate. 

Black flux differs fix>m the preceding in the proportion of its ingredients. In to is, 
me weight of the tairtar is double that of the nitre ; on which account the combustion 
w incomplete, and a eon8ideraV)le portion of tho tartaric acid is decomposed by the 
*nere heat, and leaves a quantity of coal behind, on wliich the bla -k colour depend*. 
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It is nsed where metallic ores are intended to be reduced, and effects this pajpoie K. 
combining with the oxygen of the oxide. ^ ^ ^ 

Morreau’s reducing flux is made of eight parts of pulverised ^ass, one of ciilcinvi 
borax, and half a part of charcoal powder. Care must be taken to use a glass wbi ^ 
contains no lead. The white glasses contain in general a large proportion and tl 
green bottle glasses are not entirely free from it ’ 

Cyanide of potassium is much used as a fusing and reducing agent ; when ienited 
with metallic oxides, it is converted into cyanate of potassium, reducing some oxides, 
as oxide of lead, to the metallic state ; others, as peroxide of manganese, to a 
degree of oxidation (see Blowpipe). 


l^bT-VOWUllB. This term is applied to various preparations of arsenic, used 
for poisoning flies. (See lire's Dictionary of Arts^ ^t., ii. 280.) ’ 

VOUBfiR* The following analyses of the ash of various fodder-plants luive been 
made by Way and Ogaton (Koy. Agr. Soc. J. xi. [2] 636; Jahresber. f Chem. 
I860, No. 76—84 of Table B, p. 661). ^ 


Ash of Fodder-plants. 
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Lime .... 

45*95 

22*62 

20*61 

24*66 

20 78 

26*83 

19*01 

24-82 

13-40 

Magnesia 

3*60 

4*08 

10*22 

4*52 

5*31 

401 

3-51 

4-21 

3-01 

Ferric oxide 

0*75 

0*26 

0*33 

0*23 

0*65 

0*71 

0*90 

0-86 

0-21 

Sulphuric anhydride 

2-85 

1*85 

2*15 

1*08 

2*52 

3*62 

6*11 

4*84 

2--I1 

Silicic anhydride 

0*59 

0*59 

1*14 

0*63 

1 28 

1*73 

2-37 

0-83 

9-!i2 

Carbonic anhydrido 

26*48 

23*47 

22-70 

25*51 

18-73 

20*74 

14*40 

21-72 

9-3(1 

Phosphoric anliydride , 

5-96 

6*71 

8*46 

5*41 

10*59 

6*64 

7-08 

7-81 

7*13 

Chloride of potassium . 

1*54 

2*39 

. . 

0-86 

3*27 

6*29 

4*53 

3 27 

20-19 

Chloride of sodium 

1-90 

1*63 

3*40 

2*46 

4*03 

1*06 

8*80 

1-35 
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99*95 ' 

99-97 

99*98 

100*24 

99-97 

99-97 

99-96 

Ash per cent, in diyl 
substance . . { 

10*11 

9*56 

8*36 

7-97 

6*50 

7-69 

8*68 

7-97 

13-15 

Ash per cent, in f3pc8h| 
substance . . { 

3*04 

1*84 

1*58 

1*77 

Ml 

2*12 

1*32 

1*15 


Moisture in 100 pts. of| 
air-dried substance ) 

69*95 

81*01 

81*05 

77*67 

82*90 

69*25 

■4. 

00 

85*66 


Sulphur in 100 pts. of{ 
diy substance . ) 

2*73 

2 69 

1*02 

2*06 

2*38 

2*51 

3*26 

2*13 

1*67 


On the nutritive value of fodder, see the article Nutrition ; also the following 
memoirs (arranged chronologically). 

On the effect of Salt added to Fodder (Boussingault, Ann. Ch. Phys. [3] xx. 
113: xxii. 116, 603; Jahresber. f, Chem. 1847-8, p. 1101). 

Difference between the action of Moist and Dry Fodder (E. Oppermann, Ann. Ch, 
Phys. [3] xix. 249; Jahresber. 1847-8, p. 1102). 

Nutritive value of Fodder proportional to its amount of Nitrogen (Henneberg, 
Ann. Ch. Pharin. Ixix. 336 ; Jaliresber . 1849, p. 627.— Lass aigne, Compt. rend, 
xxix. 627; Jahresber. 1849, p. 627). — On the contrary (Volcker, Chem. Oaz. 1850, 
p. 337; Jahresber. 1860, p. 663). 

Belation between the Uomposition of Fodder and the Bespiration and Nutrition of 
animals (La wes and Gilbert, Beports of British Association, 1862; Jahresber. 1853, 
p. 769). 

Nutritive value of Luoem, Mulbeny-leaves, and Marc of Grapes, as fodder for sheep 
(Mar8s, Bev. scient. [4] i. 117 ; Jahresber. 1862, p. 817). 

Feeding of Merino wieep (Wolff and Bahr, Pharm. Centr. 1862, p. 694 ; Jahresber. 

1862, p. 818). 

Nutritive value of various kinds of Fodder (Anderson, Journal of Agriculture, No. 
39, Jan. 1863, p. 346.) 

Composition and nutritive value of Fodder (Volcker, Highland Agric. Soc. J. Jwi 
1868, p, 36.— Way, Roy. Agr. Soc. J. 1863, p. 661 ; Jahresber. 1868, p. 769). 
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Wntririve of Ba^e-cake (Wolff, Pharm. Centr. 1853, p. 697). 
n the Feeding of animala and es^ocially on the effect of particular kinds of fodder 
. Piirs (La wes, Roy, Agr. Soc. J. xiv [2]). 

/I mnarison between Sugar and Starch as ingredients of the Food ofanimals (Lawns 
1 Gilbert, Chem. Gaz. 1864, p. 396; Jahresber. 1854, p. 7H7). 

C inposition and nutritive value of the Waste derived from the grinding of Peas, 
u Kico, Oats, &c. (Anderson, Highland Agr. Soc..J. now series, xliii. 197). 

Salritive value of various kinds of Fodder, and determination of the quantities of 
w.fprsind Nitrogen contained in them (Pierre, Coinpt. rend. xl. 668; xli. 47, 138, 
fifiC ‘ Jaiiresbcr. 1866, p. 888). 

^V^’^mno^ition of Oil-cake from various sources (Anderson, Highland Agr. Soc. J. 
irt^rNo.’ 48, p.662;No.49, p. 632). . 

^^VutritLve value of various waste products, especially of the Residues from the distil- 
l ition of Spirit from Grain and Potatoes, and of Brewers’ waste (Ritthausen, J. pr. 

oTBarW-malt, Wine-lees, and Malt-germs (Scheven, 315). 

Nutritive value of Elm-, Vine-, and Poplar-leaves (Pierre, Ann. Ch. Phys. [3] 

^''vniouift^ of nutritive matter in Mangold-wurzel and its relation to the speeifio 
envity (Anderson, Highland Agr. Soc. J. 1856, No. 61, p. 174 ; Chem. Centr. 1866, 
^ 0)0) _-On the constituents of Cabbage-heads at various stages of their development 
UVdorson, iM. No. 61, p. 196 ; Chem. Centr. 1856, p. 232). 

^ Ih duction of the nutritive value of various kinds of Fodder to that of Hay as a 
Ptiuuliird (Korber, Chem. Centr. 1856, p. 843). 

Composition of Carrots (Ritthausen, Chem. Centr. 1867, p. 14). 

Composition of St. John’s bread, Artocarpmincisa (Volcker, Zeitschr. d. deutschen 
Landwirthc, 1856, p. 18; Chem. Centr. 1857, p. 85). 

On Buckwheat (Pierre, Compt. rend, xlvii. 710). , . „ _ . „ 

Composition of Cotton-seed cake (Anderson, Highland Agr. Soc. J. new senes, No. 

60, p. ‘287; Chem. Centr. 1868, p. 327). , ^ , tt- 1 1 i a o t 

( imposition of the Husks of Rape-seed (J. Lehmann, Highland Agr. Soc. J. now 
Berios, No. 59, p. 196 ; Chem. Centr. 1868, p. 328). 

Determination of the amount of Nitrogen, and theneo of Albuminous matters, m 
A.'orns, Horse-chestnuts, Buckwheat flour and husks (G. J. Mulder, Scheik. Onder- 

zoik, i. No. 2, p. 73; Chem. Centr, 1868, p. 717). , 

Examination of Artificial Fodders (Lawes, Roy. Agp*. Soc. J. xix. pt. 1). 
Dioe.stil)ility of Earthy Phosphates, when added in the finely pulverised state to 
Foililir (J. Lehmann, Ann. Ch. Pharm. cviiL 267; Bep. Chim. app. i. 253). 

FOU&TZiD TB&KVXXVM. See Naotaoitk. 

FOOD. See Nutkition. 

fCHO 

FOaMAMZDS. Cn*NO ■■ N -j H . — Discovered in 1863 by Hofmann 

(Chem. Soc. .T. xvi. 72). Prepared by heating formate of ethyl saturated with dry 
aininonia to 100° C. for two days in sealed tubes, then distilling, and collecting apart 
thiit wliich passes over at 196° C. It is a transparent colourless liquid, which does 
net exhiliit any tendency to crystallise, even when kept for several weeks over oil of 
vitriol. Under the ordinary pressure, it boils ^^twoen 192° ami lOo C., I’Jli 
rt'solvrd at the same time into carbonic oxide and ammonia: CH NO = CO + • 

In a partial vacuum, which lowers the boiling point to 140°, it may be distilled with- 
out the slightest decomposition. By the action of acids or of alkalis, it is resolved mto 
ammonia and formic acid. By distillation with phosphoric anhydride, it is convertea 
into hydrocyanic acid. 

fCHO 

ITaphtbylformamlde. C'‘H*NO = N | C'W. (Zinin, Ann. Ch. Pharm. cviu. 

228.)-Prodnced, together with dinaphthyloxamidc, by the action of heat on neutral oe 
acid oxalate of naphthylamine : (C*0’)" 

2C'*H’N.C»H»0‘ - 21PO + N*|(C"H’)’ 

Neurral oxalate V ^ 

naphthylamine. Dlnapbthyloxamide. 


a. H*0 + CO* + 


f C'*H’ ( CHO 

nJ H + 

I H I H 

N.phthyUmine. 



683 


FOBMANlMUJi: — FUKJaiU auuj. 


{(CPO*)- 

8(C'«H*N.Cy'H*0‘) - 3H»0 + CO «■ CO’ + N«^(C«H»)» 

Acid oxulate of naphthyl- j J|3 

*"**®®* Dinaphthyl- 

oxamfde. 

'CHO 

- 2H»0 + CO + 2CO* + N. H + n]c=«H» 

I H ( H 

Naphthyl- Naphthrl. 

atnioo. forraamide 

The acid salt is tho more advantageous of the two for the preparation of naphthrl- 
formamide, as it yields this product in larger proportion. It melts at about 200^*0 
giving off carbonic oxide and carbonic anhydride, together with a laige qiinntity of 
water, and leaves a residue amounting to two-thirds of the salt, which solidifies in » 
radio-crystalline mass on cooling. Hot alcohol dissolves out the tiaphthylformamido 
leaving the dinaphthyloxamide, and on cooling deposits it in Jong white needles. Tlic 
compound is very soluble in water, turns red when exposed to damp air, melts at 102° C. 
and distils without decomposition. By the action of acids or alkalis at the boiling heut 
it is easily resolved into naphthylamine and formic acid. ‘ ’ 

fCHO 

Ptieoylidrmamlde. Formanilide, C’H’NO = NJ C*H*. (Gerhardt, J.Pharm. 

( n 

[3] ix. 409 ; Traith^ i. 237). — Prepared by heating oxalate of phcnylaminc, tho decom- 
position being precisely antilogous to that of oxalate of naplilhylamino. Tlie rosidno 
18 exhausted with cold alcohol ; the solution heated till the greater part of tin* 
is driven off, then lioiled with water, and tho solution filtered to sepanito a fsmall 
quantity of red or brown matter. The filtrate, if further evaporated by heut, 
the phcnyl-formamido in oily drops which do not solidify ; but if the heating be <\is- 
continued as soon as the oily drops begin to separ.ite, and the solution then loft t( 
evaporate spontaneously, tho amide is gradually deposited in very flattened, acuniinatoi! 
rectangular prisms, usually very long and interlaced. 

Phonylformamide is moderately soluble in cold, more 'freely in hot water, still mor 
in alcohol ; the aqueous solution is slightly bitter and neutral to test paper. In tli 
dry state it melts at 46°* C,, and may then be cooled several degrees below tin 
temperature without solidifying, but if agitated with a glass rod, it solidifies immob 
atcly. Under water it melts nyjro easily and remains liquid after cooling. It iiki 
wise retains its fluidity after being distilled. It begins to give off vaponrs, even a 
the heat of the water-bath. Adds and alkalis decompose it slowly in tho cold, mor 
quickly at tho boiling heat, into formic acid and phcnylaniino. When licjited wit 
strong sulphuric acid^ it gives off carbonic oxide without blackening, and is convene 
into phenyl-sulphuric acid. 

rORlMLaii’ZXiXDIS. See the last article. 

TORMSRiiMZnriS. The name given by Cloez to tho first of the three b;m( 
which he obtained by the action of ammonia on dibromide of ethylene. 
Ethyi.bne-Ba8ks„ ii. 585.) 

VORBXSlffBf TltZXVZTRjEiTBD. Syn. with Kithoform {q, v,) 

VORMZO AGXR. CHW = Acidum /ormicum, Amchmsdw 

(Gm. vii. 268; Gerh. i. 255; Handw. d, Chem. 2 Aufl. i. 668.) — This acid, which 
the first term of the adipic series derives its name from the ant {formict 

from which it was first obtained. The acid nature of these insects has long be 
known. Samuel Fischer first subjected them to distillation, and obtained an ac 
liquid ; Marggraf, Arvidson and Oehrn, Hermbstadt, and Richter exitmined the ac 
more minutely. Fourcroy and Vauquelin pronounced it to be a mixture of acel 
and malic acids, a statement which was afterwards completely refuted by Siiersen a 
Gehlen. Berzelius, Gobel, Bobereiner, Liebig, and Pelouze examined the most ii 
portant relations of formic acid. Its formation from inorganic materials was ttJ 
effected by Bertholot. 

Occurrence. — 1. In the animal kingdom. In ants, especially the red ant (rormi 
rufa\ these insects projecting it from their bodies as a defence against their enemi 
AccoMing to Fr. Will (Jahresher. f. Ohom. 1847-8, p. 546), tho corrosive substai 
in caterpillars, especially In Bombpx processioneOf likewise consista of formic acid, 
exists in the ftee concentra^ state in all parts of the caterpillar, but especially ^ 
feeces, in the yellowish gr^n juice which exudes on making an incision into the 
sect, ^d lastly, in the hollow, very brittle hairs. The acid occurs also in 
aecretions of the hnman body, viz. in the blood, in the nrine (Campbell, Cn< 
Gaz. 1853, p. 310), in the fluid of the spleen, in the flesh juice (Scheerer, Ann. 
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rkam. !«*• i» the pewpiration (Schottin, JahresW. f. Chom. 18 « 2 . 

jj’jjii). Small quantities of xt have been found in guiuio (Lucius, Ann. Ch. Phanm 

^h\he wgitaWt fnngdom, partly perhaps u a product of decomposition. It is 
found in commercial oil ^tu^ntine, whence it may be extracted by agitation with 
Irater (Wiggors, Ann. Ch. Phann. xxxiv. 23o); being doubtless formed by oxidation 
in the air; it imparts an acid reaction to the oil, and passes over as an aqueous acid 
vhen the oil is distilled with water (Weppen, Ann. Ch. Phami. xli. 294). When 
oil of turpent iiio is kept in leaden vessels, crystals of formate of lead are sometimes 
produced (Laurent, J. pr. Chem. xxvii. 316). Fr. Miiller (Arch. Pharm. [2] 149) 
states, though not po.sitively, that formic acid i.s sonu times produced in a similar 
manner from oil of lemons. It occurs in the needles of Pvuis A hies, somewhat more 
Blmmlantly in those which fall off, than in tliose which are dried while fre.s]i and 
preen (Aschoff, N. Br. Arch. xl. 274), being probably formed therein by oxidation 
if oil of turpentine. In pine-needles, which had been used for litter, and had stood 
for several months made up into a heap and expo.scd to the air, the acid was fonned 
po abundantly that on opening the lieap a very sour smell of ants was emitted 
(Kedtenbacher, Ann. Ch. Pharm. xlvji. 148). The juice of houseleek {^mpcrmvum 
Urtorum), when distilled, yields an acid which reduces llie noble metals like formio 
arid, but forms with mercurous nitrate a white precipitate, from whicli the metal is 
not reduced till the mixture is heated (Ddberoiner, Schw. J. Ixiii. 368). According 
to Goriip-Besanez (Ann. Ch. Pharm. Ixix. 369), the fruit of the soap-tree (Sapindus 
enponaria) distilled with water and sulphuric acid yields a distilhite containing formic 
and butyric acids. Tamarinds similarly treated yield formic and acetic acids, and 
emit ail odour of bu^ric acid. Qorup-Bosanez considers it not improbable that these 
luids may be formed by oxidation from the tartaric acid originally contained in the 
fruits. Formic acid is also found in the juice of the stinging nettle. (Gorup- 
hc.sinicz, Ann. Ch. Pharm. Ixii. 267.) 

In wtmral waters. — In the water of Prinzhofon, near Straubing (Pettenkofer, 
Kustn. Arcli. vii. 104) ; in that of Briickenau, together with acetic, propionic, and Imtyric 
iicitl.s, Iho formic acid constituting 85 per cent, of the entire amount of volatile fatty 
jii iih (»S cheer er, Ann. Cli. Pharm. xeix. 267), and in the deposit fixim the waters of 
Mariciibad. (Lehmann.) 

Formation.-- a. From Inorganic materials, — 1. By the action of carbonic oxide at a 

temperature on moist hydrate of potassium, the bodies simply uniting and yield* 
injjf formate of potassium (Berth clot, Ann. Ch. Pharm. xcvii. 126); 

CO + KHO - CHKO*. 

Tlie absorjition of the gas and production of formic acid take place more quickly 
ivlirii a considerable quantity of water is present, than w'lien the potash is merely 
imtisfcnod ; alcohol ana wood-spirit accelerate it still further, and ether most of all ; 
ilyccrin, on account of its viscidity, has but little effect, and acetic ether none at all ; in 
sliort, the effect of any liquid in accelerating the action appears to be proportional to its 
[^"iwer of dissolving tlie carbonic oxide. Similar results are obtained when caustic soda, 
baryta, or lime is used in place of potash. (Berthelot, Ann. Ch, Pliys. [3] Ixi. 463.) 

2, rotassiuni spread on the inner surface of a vessel filled with carbonic anhydride, 
luiil .standing over lukewarm water, is converted in 24 hours into a mixture of for- 
mate and acid carbonate of potassium (Kolbe and R. Schmidt, Ann. Ch. Pharm. 
cxix. 251): 

K« 4- 2CO* + IPO * CnKO* + CHKO». 

h. From Organic materials, chiefly by oxidation, formic acid being, with the excep- 
Hon of oxalic acid and carbonic anhydride, the most highly oxidised of all carbon- 
compounds. 

1. In the oxidation of wood-spirit by the air in presence of platinum, or by nitric 
3fid (Dumas and Poligot), — 2. By heating wood-spirit with a mixture of lime and 
oydrate of potassium (Dumas and Stas). — 3. In the decomposition of chloroforia, 
oromoform, or iodoform, by potash. — 4. In the decomposition of liydrocyanic ^d by 
I^tash, or by the stronger mineral acids (Pelouze, Ann. Ch. Phys. 396 ; 

J^eiger, Ann. Ch. Pharm. i. 44).— 6. In the decompsition of oxalic acid by ht^t 
(^ay-Lussac, Ann. Ch. Phys. xlvi. 218). When the oxalic acid is heated alone, the 
JRantity of formic acid obtained is very small, but it is gn^atly increa^d by distilling 
[f’ oxalic acid with glycerin or mannite (Berthelot, p. 684)--T®* ’ 

of alcohol or ether in the glow lamp (A. Connell, Phil. Mag. [8] xi. 612). 

L In the preparation of iodoform m>m alcohol, iodine, and potassium (Bou ch ar d a t). 

% the action of the air on an alcoholic solution of potwh (A. Conned I, a. 

xiv. 231).— 9. By heating alcohol with nitric acid (Gaultier dc Claubry, 
Bharm. xxv. 764 ; Dalpiaz, J. Pharm. L^J v. 239).~10. In the decompsi lou of 
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chloral or bromal hy aqueous potash (Liebig).— 11. By boiling chloracetic acid • \ 
excess of potash (Dumas). — 12. By heating gelatin with aqueous chromic -5 
(Schlieper, Ann. Ch. Pharm. lix. 1). — 13. By exposing oil of turpentine to th • 
or heating it with aqueous chromic acid (Weppen, Ann. Ch. Pharm. xli. 294 ^*^’ 
14, By distilling aqueous tartaric acid with peroxide of manganese (Doberci 7* 
Gilb. Ann. Ixxi. 107). — 15. By distilling the following substances with peroxifl7^i 
manganese and dilute sulphuric acid: tartaric acid or cane-sugar (Doberejcer 7 
Ch. Pharm. iii. 144) ; starch (Wohler, Pogg. Ann. xv. 307) ; mucic acid, niilk.’su 
starch, woody fibre, marsh-mallow root, fibrin (C. G. Gmclin, xvi. *55)- oI ^m 
(C. G. Gmelin ; Connell, N. Ed. Phil. J. xiv. 240 ; L. Graelin, Pogg. Ann. x^! ■ 
608); suberic acid (Brandes, N. Br. Arch. xxi. 319) ; glucose, which likewise 
formic acid when treated with sulphuric acid and chromic acid or ferric oxi!l 
(Hunefeld, J.pr. Chem. vii. 44) ; —albumin, fibrin, casein, and gelatin, which likewise 
yield formic acid with acid chrcimate of potassium and sulphuric acid ; in both cases tho 
formic acid is accompanied by other acids of the series C*H**0^ and a variety of other 
products (Guckelberger, Ann. Ch. Pharm. Ixiv. 39 ; Jahresber. 1847-8, pp. 847-.8541 
When some of these compounds — starch, for example — are thus treated, there i? givea 
of? together with the formic acid, a strong smelling volatile oil (fiirfurol), which Tf tha 
distillate be saturated with a fixed dkali, imparts a yellow colour to the liquid, but passes 
off*, OP is decomposed when the solution is evaporated. In this impure di.stillato, and in 
another obtained from starch, oxide of manganese, and hydrochloric acid. Tii nn ermnnn 
(Pogg. Ann. XV. 307) thought that he had discovered two peculiar acid.s, to which he 
gave the names of and acids. When alcohol is treated with sul- 

phuric acid and oxide of manganese, no oil like fhrfurol passes over, but a lar^^e 
quantity of acetic acid. — 16. Sugar, starch, gum, woody fibre, cereal grains, and other 
organic substances, yield much more formic acid when distilled with strong sulphuric 
acid, OP a mixture of that substance with an equal bulk of water, than when treated 
with sulphuric acid and peroxide of manganese : for the latter converts a consider- 
able quantity of the formic acid into carbonic acid and water. Before carbonisation, a 
volatile oil passes over ; but as soon as carbonisation takes place, the distillate consists 
of colourless formic acid. Phosphoric acid, stannic chloride, and other dehydratiinr 
substances, act like sulphuric acid (Emmet, Sill. Am. J. xxxii. 140; also J. p. 
Clmm. xii. 120). These statements have been verified by Erdmann (.T. pr. Chom. 
xiif 124) and Stenhouse (Phil. Mag. [3] xviii. 122; also Ann. Ch. Pharm. xxxv. 
301). — 17. A solution of tartaric acid containing a little sulphuric acid heated with p» r- 
manganate of potassium yields formic and carbonic acids, C‘H®0® + 0* 2CH*0* + 2C()’ 

; but if the solution is neutralised by an alkali, the whole of the formic acid 
is oxidised to carbonic acid (P4an de St. Gilles, Ann. Ch. Phys. [3] Iv. 374).— 
18. When linseed-oil is heated with sulphuric acid, a largo quantity of formic acid passes 
over, together with sulphurous acid (Sacc, Ann. Ch. Pharm. li. 214).— 19. Sugar, 
starch, cotton, &c., treated with chloride of lime containing free lime, jdeld formate of 
calcium ; if no free lime be present, carbonic acid is produced instead of formic acid : ot 
a solution of sugar the action is very violent. Chloride of lime contaiping free limfl 
fbms, with a solution of gelatin, formate of calcium and ammonia (Bas tick, Pharm. J. 
Trans, vii. 467; Jahresber. f. Chem. 1847-8, 381).— 20. By treating crude oil of usa- 
^ fostida with caustic soda, acetic acid being likewise formed, and sulphuretted hydrogen 
off. The gummy portion of asafeetida, when subjected to dry distillation, yields 
fonhie acid, with a small quantity of acetic acid. — 21. Oil of mipstard and oil of garlic 
treated with nitric acid yield formic acid, together with oxalic (Hlasiwetz, J. pr. 
Chem. li. 366). — 22. An aqueous solution of acetone containing sulphuric acid yields, 
by electrolysis, acetic and formic acids, together with oxygen, hydiigen, and car^mc 


peat. (Sullivan, Atlantis, i. 186; J'ahrcsber. f. Chem. 1868, p. 280.) 

By distilling aloes with very dilute sulphuric acid, Ed. Simon (N. Br. Arch. 

1861 obtained a distillate which reduced silver-salts like formic acid ; but yielaea 

^ . ... • t A. -.itm , n .1 I* T_ i.1. maafi 


(Anthon, Repert. Ixxxviii. 106). • When 4 at. of iron-filings are distilled with 14 ^ 
tartaric acid (C®H®0®), the water in the receiver acquires an odour of ants, and in 
property of reducing metallic oxides (Artus, J. pr. Chem. xii. 261). Accoidn^ J 
Gobel (N. TV. X. 1, 34), formicacid is produced in the diy distillation of argol. 
however, has not been satisfactorily proved. ^ . . 

Klinger (Ann. Ch. Pharm. evi 13) found small quantities of formic and propyj; 
acids, together with large quantities of acetic and butyric acids, in the 
fermentation of diabetic urine ; other observers, however, have found only acetic an 
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According ^ G^atbar (Ann. Ch. Pharm. cix. 73) and Lieben {ibid, cdi 326), 
iJfflIc acid is produced by the action of carbonic oxide on ethylate of sodium* 
Ti<*ben, however, and Wanklyn (IhiL Mag. [4] xviii. 391) attribute this result to 
the presence of hydrate of sodium in the ethylate (p. 682). 

Preparation.^ Of the aqueous aetd. — 1. tVom Ants. — Red ants provioual}'^ mashed, 
th«r expressed juices, are distilled; the distillate is saturated with potash, soda, 
oxide of lead, or oxide of copper ; the solution evaporated, whereupon the volatile oil 
of ants passes off together with the water; and the residue, or the formate purified by 
crystaUisation, is distilled with dilute sulphuric acid. 

’^Tbc very dilute acid thus obtain^ is saturated with carbonate of potassium 
(Richter, Siiersen), sodium (Lowitz, Gehlen), or copper (Gehlcn); and the 
residue, or, when oxide of copper is used, the crystals purified by repeated crys- 
laiisatiou are distilled with oil of vitriol (Richter, Gehlen), or with a mixture of 
1 pt. oil of vitriol and J water (Siiersen), or with pulrorised acid sulplmta of potas- 
wum (Lowitz), If the quantity of water present is too small, a large proportion of 
the formic acid is decomposed ; hence strong sulphuric acid cannot be used for tho 
distillation. Any sulphurous acid that may be present is removed by continued 
(lipestioii with red lead ; also hydrochloric acid (proceeding from the carbonate of po- 
tassium) by red lead, or better by oxide of silver. (Gob el.) 

The residue left in the preparation of oil of ants (a pliannaceutical product obtained 
bv distilling 2 pta. of red ants wit h 4 pts. rectified spirit of 00 per cent,, and an equal 
qiiatitity of water) contains a considerable quantity of formic acid, and may be used 
for its preparation. The residue is pressed ; tho expressed liquid left to itself for a 
wliile: tho fatty oil which collects on the suifacc removed; the subjacmit liquid 
m-utralised with an alkali, filtered and evaporated ; and the residual salt mixed with 
lialf its weight of strong sulphuric acid diluted with an equal quantity of water, and 
(lis(illfd till the liquid begins to pass over turbid. This first clistillato consists of 
tdleriibly pure formic acid. The turbid liquid which follows still contains formic acid ; 
it may be neutralised w'ith carbonate of barium, and used tor the preparation of pure 
liirytic formate. (Handw. 2** Aufl. L 688.) 

2. h'rom Tartaric acid. — 10 pts. of tartaric acid are mixed with 14 pts. of oxide of 
nKinp:aiicse and from 30 to 45 pts. of water, and distilled in a capacious retort. 
(Lnbereiner.) 

3. From Sugar or Starch with 'Peroxide of Manganese and Sulphuric acid. — d. A 
Sul lit ion of 1 pt. sugar in 2 pts. water is heated to 60^ C., with 2^ or 3 pts. of fljiely 
pontulcd manganese in a copper still, wliich, as the liquid is very apt to froth up, 
must have at lea.st 16 times tho bulk of tho mixture; a third part of a mixture*of 
3 pts. oil of vitriol and 3 pts. water is then gradually added, whereupon carbonic acid 
gas loaded with vapour of formic acid immediately escapes with violence. The head 
and condensing tube must now' be quickly put on, and when the violent action has 
Mil sided, the other two- thirds of tho dilute sulphuric acid added, the mixture beiJig 
.stirred all the while; after wdiich the liquid is gradually distilled almost to drynes^ 
The distillate, which is transparent and colourless, and still contains volatile oil 
(fiirfuiol), is saturated with chaik (the distillate from 100 pts. of sugar suturatos from 
31 to 38 pts. of chalk); and the filtrate evaporated to the crystaUising point; or, if it 
b<* desired to obtain tho acid, the distillate is saturated with carbonate of sodium, 
eya^ttited, and 7 pts. of tho dry residue distilled with a mixture of 70 pts, of 
vitriol and 4 pts. water (Dobereiner, Ann. Ch. Pharm. iii. 144). This prwess is a 
Very good one ; but the formic acid which it yields is slightly contaminated with acetic 
lu id. To remove this impurity, the distillate should be saturated, while yet warm, 
not W'ith carbonate of sodium, but with carbonate of lead, and the solution evaporated 
to the crystallising point; the more soluble acetate of lead remains principally in the 
laother-Uquor ; and the fomate of lead thus obtained must be distilled with a mixture 
of equal parts of oil of vimol and water. 

P’ 1 pt. of starch is mixed with 4 "Jits, of finely pounded man^ncse and 4 pts. of 
^ater in a copper, still ; 4 pts. of oil of vitriol added by small portions, and with con- 
®bint stirring ; the vessel heated by a slow fire till the contents begin to froth up; the 
head and condensing tube then put on, and the distillation continued till 4^ pts. of 
tbe liquid have passed over. This liquid has a density of 1*026 at 10® C., and satu- 
rates 10*6 per cent, of dry carbonate of sodium. If the distillation is performed in a 
Mort instead of a still, it is necessary, in order to prevent frothing over, to take only 
“ 7 pts. of manganese, 3 water, and 3 oil of vitriol to 1 pt. of starch ; the retort must 
kare 10 times the bulk of the mixture. The product thus obtained amounts to 3*36 pts. 

a distUlate of specific gravity 1*042, which neutralises 16 per cent, of carbonate 
w sodium. The distillate obtained either from the retort or from the still is clouded 
k} a white substance ; and if the distillation has been earned too far, the liquid also 
«?Dtain8 sulphurous acid. It must therefore be neutralised with carbonate of cal- 
,• milk of lime addpd in excess to convert the soluble acid sulphite of calcium wite 
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thfi neutral insoluble sulphite ;lhe filtrate eraporated to dryness; and 10 pts ofth* 
suiting formate of calcium distilled, either with 8 pts. oil of vitriol and 4 water wh*** u 
9 pts. of formic acid, are obtained, having a density of 1*076, or with 8 pts. oil of 
and water, by which a highly concentrated acid is obtained. The strongest acid 
can be premred in this manner is obtained by distilling 18 pts. of finely pounded fon 
of lead with 6 pts. oil of vitriol and 1 pt. water in a chloride of calcium bath. The disturb 
has a density of 1*110 at 10® (Liebig). Cloes ([3J J. Pharm. iv, 306) mixes 500 l^^ 
of starch with 2000 grm. of manganese ; places the mixture in a still having a cjipar 
of 26 or 30 litres ; adds 1 litre of water, then a mixture of 2 kilogrammes of oil of iitri 1 
with 2 litres of water, stirring the mixture well ; and distils, adding hot water in pJ! 
portion as the liquid passes over : from 12 to 16 litres of a strongly acid liquid may be 
thus obtained over, containing about 412 grammes of formic acid (CH-O*). ^ ” 

4. From Su^ar^ Starchy or Woody fibre, with Sulphuric acid Onemt‘asure of oil of 

vitriol, 1 measure of water, and 1 measure of rye, wheats oats, or coarsely bruised maize 
are heated together in a glass retort till the liquid boils ; one measure of water is atllod 
as soon as the mass becomes thoroughly black ; the liquid distilled till one measure of 
distillate has passed over ; another measure of water added to the residue ; and the 
distillation repeated with a fresh receiver. The first distillate consists of strong fonuie 
acid, generally free from sulphurous acid ; the second is very dilute and often contains 
sulphnrous acid ; this impurity may be removed by agitating the cold liquid for a 
short time with peroxide of lead. The organic matter used in this process, l)ein|/ of a 
granular nature, does not swell up so much : hence the vessels used need not lie go 
large as those required in the preceding processes (Emmet, 8ill. Am. J. xxxii. 14 , 1 ). 
Carbonisation takes place before boiling, so that there is no occasion to wait till the 
liquid boils. The addition of water causes the hot mass to froth over: henct; it is 
necessary to let the mixture cool before adding fresh water. In all oases frothing {iiul 
boiling over are very likely to bo produced by a slight rise of temperature : hence thi* 
retort should hold at least five times as much as the volume of the mixture. Th» 
distillate is free fi*om acetic acid, but contains furfurol, which may be removed l>y 
ether (Erdmann, J. pr. Chem. xii. 124). Stonhouse (Phil. Mag. [3] xviii. Tii) 
proceeds in the same manner as Emmet for the preparation of furfurol and foimic 
acid, excepting that ho uses wheat-flour, saw-dust, or chaft) instead of grain. 

6< From Oa’alio acid. — An intimate mixture of oxalic acid and very fine wand 
is^distilled in a glass retort, and the distillate freed from oxalic acid by frequent no- 
tification. This process yields very pure formic acid in a highly concoutruted stiite. 
(Clerhardt, Ann. Ch. Phys. [3] vii. 130.) 

•A much larger product may be obtained by distilling the oxalic acid with glycerin 
Oxalic acid, contains the elements of carbonic anhydride, CO* and formic ncid, 

and is actually resolved into these compounds by heat ; but when it is hentci! 
Uibne, or even with sand, the temperature rises so higli that the greater part of tin 
;lbvmic aeid is further resolved into carbonic oxide, CO, and water IPO; biittlu 
ju^tion of glycerin, which takes no part in the decomposition, enables it to take plaet 
nil a lower temperature, and the whole of the formic acid is then obtained. Whoi 
weights of commercial oxalic acid and syrupy glycerin (a kilogramme of eacli 
100 to 200 grammes of water, are gently heated (scarcely above 100® C.) i» 
retort, a b^risk evolution of carbonic anhydride soon begins, and after 12 V 
the whole of the oxalic acid is decomposed without any evolution of carhonii 
A amaU quantity of the resulting formic acid distils over tvith the water; bv. 


•> A amall quantity of the resulting formic acid distils over tvith the water; m; 
portion remains in the retort together with the glycerin, and may be w^pa 
; the residue with hiilf a litre of water, renewing^ the water as i 

till 6 or 7 litres of liqiud have passed over. The glycerin which remains nia^ 
u^ed for the conversion of fresh quantities of oxalic acid. The decompositioi 
qsiist be conducted slowly, as, if too much heat is applied, the temperature rises to be 
tSeeu 190° and 200°, and carbonic oxide is evolved. (Berth elot, Ann. Ch. rhv* 
fij ^vi. 477.) This is the best of all methods of preparing formic acid. 

Preparation of the pure concentrated acid, CH*0*.— 1. Pulverised formate o 
lead dried by heat is introduced into a Jong glass tube, from 4 to 6 lines in width, on 
end of which is drawn out into a narrow neck, turned downwards and inserted into 
small receiver ; sulphuretted hydrogen dried by chloride of calcium is passed into tn 
tubs at the other end, tiU the lead-salt is completely decomposed; a gentle hes 
applied to drive the formic acid into the receiver ; and the acid repeatedly boiled t 
free it ftom sulphuretted hydrogen. If the .tube be too strongly heated, the aci 
becomes contaminat«>d with decomposition-products containing sulphur 
Bineau (Compt. rend. xix. 769) passes dry carbonic anhydride through the diatilW 
to drive off the sulphuretted hydrogen, and rectifies it, rejecting the first portion, whic 
still smells of sulphuretted hydrogen. 

2. By mixing 8 at. of a dry formate, the barium-salt for example, with 8 at. waw 
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adding 3 at. chlorid® of sulphur, CKS, distilling between aud 122® C., 
^rectifying the distillate over a small quantity of formate of lead : 

4 C 2 H*BaO* + 3C1*S = 4CII=0« + iCO + 3BaCl* + BaSO^ + S*. 

/neintz, Fogg. Ann. wviil 468.) 

ProMrii<s.—'^he most concentrated acid solidifies at C. in shining lamime, 
whicli melt at + 1®. At ordinuiy temperatures it forma a thin, transparent, and 
^lourless liquid, of specific gra\aty 1-2363, which boils at 98'6o (bar. 27" 10"') 
fLiebig)*^ According to Kopp (Jahresber. 1847-8, p. 68), the specific gravity is 1*2227 
HtO®, and the boiling point 106-3 (bar. 760 mm.); according to Person (Jahresbrr. 
1847-6. P- 100®; according to Hoscoc (Chem. Soc. J. xv. 271), 

at 101 under a pressure of 768 mm. of mercury. The vapour-density, betwoou the 
temperatures 111® and 118®, varies from 2*126 to 2*14 (Bincau, Coinpt. rend. xix. 
700 ; also Fogg. Ixv. 424 ; Compt. rend, xxiii. 416). The strongest acid fumes slightly 
in tho air, has a pungent sour taste, and is so corrosive that a single drop placed ujion 
tt soft part of the skin produces intolerablo pain, causing the part to swell aud turn 
white, afterwards drawing the skin together and producing a painful ulcer (Liebig). 
The dilute acid has a peculiar pungent and sour sinell, and a purely acid taste. 

Formic acid mixes with water in all proportions, with diminution of specific gravity 
and without rise of teinpeniture. According to Liebig, an aqueous acid containing 
1 at. water (CH'O*. 11*0), and boiling at the fixed temperature of 106® C., is obtained 
hy distilling 18 pts. formate of lead with 6 pts. oil of vitriol and 1 pt. water. Ac- 
ronliiig to lloscoe (Chem. Soc. J. xv. 271), formic acid (like all otlier acitls) possesses 
no hydrate of constant boiling point at all pressures ; but any number of mixtures of 
formic acid and water can be made, each of which, when distilled under a given pres- 
fui-e, will undergo no change in composition, and therefore will boil at a fixed point, 
lut will undergo decomposition when boiled under any other pressure. Under 
tlio ordinary atmospheric pressure (760 mni.), a liquid containing 77‘6 pts. acid to 
o pts. water undergoes no change by distillation, boiling at the temperature of 
107’ I'’ 0.: and all mixtures containing more acid or more water than this quantity, 
when distilh.*d under the above conditions, ultimately attain this same fixed boiling 
point and constant composition. When distilled under a higher pressure, however, 
this aqueous ueid undergoes a change of composition. Under a pressure of 1*83 mot. 
of merevu-y, the residual liquid attains a composition of 83*2 per cent, real acid and 
lioils unchanged at 134*6-* C. Under a pressure of 1-36 met. of mercury, the aqueous 
noid boils constantly at 124*1® C., and attains the strength corresponding to 80 pec 
ci iit. of real acid. 

Formic acid dissolves in all proportions in alcohol^ being partly converted into for» 
male of ethyl. 

Ihompositiovs . — 1. The vapour of the boiling concentrated acid may be set on flye 
in tf/r, and burns with a dull blue flame (Liebig). Platinum-black, repeatedljr 
iiiuistcncd in the air with aqueous formic acid, causes slovr combustion of th© acid, 
accompanied by evolution of heat and a hissing noise, the pu’oducts of the combustiou 
heiii{r carbonic acid and water. If the pliitinum-black has been previously charged with , 
oxygen by exposure to the air, it will oxidise small quantities of the acid, even OOt of 
contact of air. .Spongy platinum, slightly moistened in the air with formic acid eott- 
taining not more than IJ at. water, becomes almost instantly red-hot, ^dtwi Jig 
water and carbonic acid (Ddbereiner). 2. Chlorine decomposes; the jicid and iti 
Halts completely, converting them after a while into carbonic aud hydrochloric aridfk 
(Cloez, Ann. Ch. Phys. [3] xvii. 297) : 

CH*0* + Cl* * CO* + 2nci. 

3. ac/rf decomposes formic acid. (Arfvodson.) 

4. Aqueous toefto or periodic acid acts violently on formic acid at a Imiling hcaih 
pvolnug carbonic anhydride and iodine (B.enckiser, Ann. Ch. Pharm. xvii. 268). At 
a temperature near 100® C. aqueous iodic acid completely converts formic acid, in the 
CDurso of twentv minutes, into water and carbonic annydride ; but a trace of hydrocyanic 

prevents the decomposition, even at a boiling beat. (Mill on, Corapt. rend. xix. 

5. Strong audphuric acid, at a gentle heat, decomposes formic acid and its salts, con- 

verting them into water and carbonic oxide, with strong effervescence, but without 
blackening: CH*0* = K*0 + CO. (Ddbereiner.) , v • 

6. Formic acid reduces the oxides of the noble metals, yielding water and carbonic 
anhydride. It reduces mercuric oxide with effervescence when boated. From mei^- 
roua or mercuric nitrate, it tlirows down metallic mercury at a boiling heat ; boiled 
with a solution of mercuric chloride, it throws down calomel (Odbel, Dbber- 
*tner), A hot aqueous solution of mercuric chloride mixed with formate of 
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potassium or sodium, and kept for two or thtfee hours «« .. 7(» 

and 80® C., deposita all the mercury in the form of calomel ; but >f kept oonstantl^^ 
a boiling heat, it yields the merci^ in the metallic state (Bonsdorff, Pogg /** 
xxxiii. 73). This reducing action is, however, prevented by the presence of chlorid”I!l 
potassium, sodium, or ammonium, and ^en by adding acetic acid to the solution f 
mercuric chloride (H. Bose, Pogg. Ann. cv^ 600). Silver-oxide and those of it 
salts which are soluble in water are reduced ify formic acid with the aid of heat - 
salts are more quickly reduced by of sodium (Gob el, I) 6b ere in cr? 

Solutions of gold, platinum, and palladium ^ not. reduced by continued boiling 
free fomiic acid, because the acid gradually volatilises; but they are eomnletHv 
reduced by formate of sodium, which in some cases throws down spangles, in otheJ 
as with platinum, precipitates a black possessing great power of inducing coinbu.sti^ 
(Gobol). The aqueous acid converts platlnous oxide and platinate of sodium into 
pLitiniim-black, with brisk evolution of carbonic acid (Bobereiner, Pogg. xxviii 
180; Schw. Ixvi. 289). At a boiling heat, it reduces prot^lorido of platinum to tlu» 
metallic state. (Berz elius, Pogg. xxxvi. 8.) 

7. Veroxides with dilute sulphuric acid convert formic acid into carbonic anhydride 
and water. (Liebig.) 

8. Formate of potassium, moderately heated oi hydrate of potoBmm, 

gives off hydrogen, and is converted into oxalate, 2CHKO^ = C*K*0* + H*. (PeJi- 
got, Ann. Ch. Phys. Ixxiii. 220; Pumas and Stas, ibid, Ixxiii. 123.) 

Z*ormate8. — The affinity of formic acid for bases is, according to Arfvoilson.greatpr 
than that of acetic acid. It is monoba.sic, the formulao of its salts being CHMO^ lind 
I’here arc, however, a few double and acid formates produced by tho union 
of two metallic formates or of a metallic formate with formic acid, analogous in fict 
to the double chlorides, acid acetate of potassium, &c., not to the double salts of 
dibasic acids. They are obtained by dissolving tlie bases or their carbonates in tho 
aqueous acid, and evaporating. The formates of the fixed alkali-metals ignited out of 
contact of air, leave alkaline carbonates slightly blackened by charcoal, a combustible 
gas, piobably carbonic oxide and hydrogen, being also evolved : 

2C3K0* « K*CO> 4- CO + m 


Formate of barium yields the products just mentioned, together with gaseous hydro- 
carbons, viz. marsh-gas, ethylene, and tritylene. (Berthe lot, Ann. Cb. Phys, [3] 
liii. 69 ; Jahresber. f. Ohem. 1868, p. 216.) 

i The formates of uranium, bismuth, zinc, cadmium, lead, cobalt, nickel, and copper, 
when heated to redness, leave a regulus of metal, which at a stronger heat assuiias 
the metallio lustre (Gobel). In these decompositions, water, carbonic anhydride, 
and carbonic oxide are doubtless evolved : 

« H*0 CO = CO» 4* M. 


Sulphuric acid heated with the formates decomposes them, forming a sulphate, water, 
and carbonic oxide gas, which escapes : 


CHKO* 4 - H*SO* « KHSO^ 4 - CO 4 - H’^O. 

Platinum-black, poistened with the solution of an alkaline formate, converts it into 
^ -i;«arbonate (Dobereiner, Ann, Ch. Pharra, xiv. 14). The aqueous solutions of 
if ^ttnates, heated with solutions of the noble metals, e,g, mercury and silver, in acids, 
reduce the metids, with evolution of carbonic anhydride. 

. All formatk# are soluble in water : their aqueous solutions form dark red mixtures 
withTerric salts. 


' Formate of Aluminium maybe obtained by precipitating formate of barium 
; dulpliate of aluminium in equivalent proportion, and evaporating the filtrate. It 
. ' esr^ with difficulty (Liebig). It tastes sweet and rough; reddens litmus 

al^ntljr ; becomes moist in the air ; forms a clear solution in cold water ; dissolves 
likewise in hot water, but with instant precipitation of all the alumina (Gobel). The 
s^tibn of the pure salt does not become turbid when heated ; but if sulphate of potes* 
bIto is present, it forms a precipitate which redissolves as the liquid cools. (Liebig.) 
' Fofih,ate of Ammonium^ CH(NH*)0* forms raonoclinic crystals, exhibiting the 
v. eo^ina^^ odPoo . oP . 4- Poo . 4'P . [P«)]. Ratio of axes, a : 6 : 0 **= 0*884 : 1 
t Angle of inclined axes « 87® 28'; ooPoo : 4 - Poo « 140® 38'; oP : [P® ] 

64'. Cleavage parallel to oP (Grailich and Lang, Wien. Afcad. Ber. xxvii. 
178). It has a fresh pungent flavour, and is not poisonous (Pelouze). When 
suddenly heated in a retort, it is resol v^ into water and hydrocyanic acid (Bober- 
einer, Kepert. xv. 426): 

CH(NH«)0» = CNH 4- 2H*0, 

• When gradually heated it fuses at 120® C. without giving off water, but evolrw s 




-rtll quiintiyr of anwcnoiiia at 140® and at 180®, it is for the most part resolved into 
iiv^ioevani® water, a small portion only volatilising undecompos^ 

fpelonze, Ann. Ch- Phys. xliii, 899 ; also Ann. Pharm. ii. 87). To make the decom- 
^ition complete, the salt must be heated at the closed end of a bent tube, and the 
passed over a part of the tube kept at a stronger beat (Liebig), The 
*nu^us solution exposed to light in a stoppered bottle top half a year deposits a large 
Quantity offtakes and becomes alkalifla^Horst, Br. Arch. iv. 257). The salt dis- 
lolves readily in water. 

Formate of Amyl See FoBiad Et^s. 

Formate of Barium^ C*H*Ba"0*. — Crystallises in shining transparent rhombic 

ignis ; a\h \ c ^ 0*7664 ; 1 : 0*8842. Inclination of ooP 
■ oc»P in the macrodiagonal principal section — 76® 35'; of 401 . 

f 00 ■ 'poo in the basal principal section » 97® 30'. Ordina^ 
corabinatioa ceP . ifig. •^4; K^'a KrystaUi^raphie, 
p 265); also with the faces Poo, 2Poo, and oopoo, more 
nirely ooPfl 5 ((Heu 8 ser, Pogg. Ann. Ixxxiii. 37). The crystals 
are permanent in the air, have a bitter taste, dissolve in 4 
nts. of cold water, but are insoluble in alcohol and in ether. 

Tlie salt decomposes when heated, emitting the odour of burnt 
sugar. 

Formate A— Soluble in water; crystallises on 

evaporation. 

Formate ofButyL^See Fobmic Ethbbs. 

Formate of Cadmium^ C*H*Cd"0* + 2H*0, — Crystal- 
lises in cubes and rhombic dodecahedrons (Gob el) ; in mono- 
clinic prisms isomorphous with the zinc-salt (Heusser). 
a:h: c = 0‘7546 : 1 : 0*924. Angle of inclined axes = 82® 55^; 

»P : ooP in the orthodia^nal priiicipal section = 105® 30' ; oP : c»P » 85° 43' ; 

+ 2Pao : the principal axis = 29® 65'. The crystals have the faces oop-^and oP 
predominant, or they form short prisms with the faces +P, +2Poo , — P, and ooPoo ; 
or they are tabular from predominance of oP, with — P and +2Pco, which latter 
often predominates to tho obliteration of ooPoo {Kopy's Krystallographie, p, 310). 
Tho salt has a sweetish, but somewhat metallic taste, and dissolves easily in water. 
The crystals when heated give off their water with difficulty, and undergo sudden 
decomposition at a higher temperature. 

Formate of Cadmium and Barium, — Crystallises in rhombic prisms, 

whose predominant faces are ooP, ooPoo, and poo, Igclination of : ooP in the 
niacrodiagonal principal section = 84® 10'; Poo : Poo over tho principal axis = 
118® .50'. (Handl, Wien. Akad. Ber. xxxii. 262.) 

Formate of Calcium^ C2H*Ca"0^ — Obtained by sponteneous evaporation in 
rhombic crystals, exhibiting the faces P, ooP2, ooPoo , ooPoo , 2P. Ratio of axes 
(i:b:c = 0*76988 : 1 : 0*46713, P : P in the terminal edges — 136® 38' and 
121 ® 46 '; oop2 : oop2 in the brachydiagonal principal sectiono= 67° (Heusser, 
Togg. Ann. Itytiii, 37). Usually, however, it separates in crystalline crusts made up 
of small shining six-sided crystals. It has a sharp saline taste, dissolves in 8 to 10 
pts. of cold water, scarcely more in warm water, insoluble in alcohol. 

Gobel obtained a salt containing crystallisation-water, which crystaUised in octahe- 
drons and dodecahedrons, but gave up its water with efflorescence, even at common 



teni|>ertttures. 

Formate of Cerium, C*n*Ce"0*.— Formed by precipitating a hot concentnt^ 
w)lution of cerons chloride with formate of sodium, ^d separates on cooliM. A 
faintly rose-colonred granulo-crystaUine powder. It is very sparingly soluw^ 1 
wmtains water of crystallisation, which, however, it gives off 7 

(bio big). According to Beringer, it still retains^ at. water at 260 . At it 

intumesces without melting, gives off carbonic anhydride and hydrocarbons, 
‘‘onverted, without blackening, into cerous carbonate, which when more strongly neateq, 
leaves ceroso-ceric oxide. (Liebig.) 

(Chromic Formate is a green soluble salt, ' ^ 

Formate of Cobalt forms rose-red indistinct crystals, sparingly soluble in.wdtor, 
insoluble in alcohol ; when heat^, they give off water and turn blue. 

rormatt of C^WO* + 4 HK).-C^BtoUi 8 e 8 in monoclimc 

tsbles. o ; 6 : c = ^983 ; 1 : 0766. Angle of inchne^es - W 
of »p : *p in the clinodiagonal principal section = 9(^; ^ ^ 

•• 112® 18'; of oP : ooP » 82® 89'. Ordinary combination oeP . oP . +i (y^. 


VoL. II. 


yy 
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Kopp's KrpstaUographie, p. 810). According to Hensser, wnw mmurdmentfl acPM 
voiy nearly ’with those of Kopp, the ciystalB likewise exhibit the faces — P and 
[ ooPoo ], and often form twins, with the face of combi 
Fig, AOS, nation parallel to oP. Cleayage parallel to oP. Th 

crystals are traniroarent and or a pale blue or gwenwh 
yellow colour. Specific gravity 1*81. Soluble with 
blue colour in 7 or 8 pts. water, and in 400 pts. alcohol 
of 80 per cent. They effloresce in warm air, and when 
heated give ofif inflammable products which bum with 
a green flame. The salt when subjected to dry distill, 
ation, leaves metallic cop^r, and gives off a mixture 
of carbonic oxide, carbonic anhydride, and hydr^en 
gases. 

Formate of Copper and Hydrogen ; Acid Formate of 
Copper, C*H«Cu"O\2CH*0* + SlPO.-^Soparates. to. 
gether with forrxiate of copper and strontium, from a 
strongly acid solution of 2 at. formate of strontium 
and 1 at. formate of copper, in monoclmic crystals, which, according to Zepharovich, 
exhibit the combination oP . + 2Poo . ooP . ooPoo . — P . + P. liatio of axes a\b:e 
«* 1 : 1*3238 : 1*1765. Angle of inclined axes «= 82^ 31'. Inclination of al>: 
ooPoo =» 127® 15'; +P : +P -= 94® 18'; ~P : — P = 100® 44', both in the clino- 
diagonal terminal edge; oP : +2Poo = 114® 21'. Cleavage parallel to ooP». 

(K. v. Hauer, Wien. Akad. Per. xliii. [2] 548.) 

Formates of Copper and Barium , — Heusser obtained two of these salts from mixed 
solutions of the simple salts, viz. bluish green crystals having the com{K)siti()n 
; Cu)"()* + 4H“0 ; that is to say, formate of copper in which part of the 
copper is isomorpliously replaced by barium ; and light blue crystals, whose com- 
position he represents by the formula C*H^Cu '0^.411*0 2C‘‘^II‘'^Ba'0\ Both are 

isoniorphous with neutral formate of copper. 

ForL^te of Copper and Strontium, (C^IPCu"0*.4H20) + 2(CmSr"O*.2H20).-0b. 
tained like the cupro-barytic salt. According to Ileusser, it is likew’iso isoniorphous 
with neutral formate of copper; but according to Zepharovich (Wien. Akad. Her. 
xliii. [2] 546), it does not even crystallise in tho same system, the mstals being not 
mono- but tri-clinic, and exhibiting the combination oP . c»Poo . odPoo . ooP/ . » P . 
^ 00 . 4 P'oo . 't'oo . jP 00 . P . ^P,. Eatio of brachydiagonal a, macrodiagonal b, and 
principal axis o « 0*7436 ; 1 : l‘0103. Anglo b :c in tho left upper octant = 
104® 43'; a: 0 » 96® 62'; a: b — 88® 18'. Inclination of oP *. ooPoo * 104® 38'; 
oP ; ooj*oo «=* 96® 37'; oo^oo : ootoo = 89® 47'; •= 1^2® 31'; 

P 00 «. 127® 69'. Cleavage perfect parallel to ooPoo ; less perfect parallel to ooPw . 

Formate of Ethyl , — See Foumic Ethers. 

Formates of Iron, — The ferrous salt is obtained by dissolving ferrous hydrate in 
formic acid, or more easily by decomposing the barium-salt with ferrous sulphate. 
The colourless solution when evaporated in an open vessel deposits a basic feme 



salt. 

Neutral ferric formate, C*H*(Fq*)^* 0**, is obtained by digesting moist ferric hydrate 
for several days in aqueous formic acid, evaporating the red-brown acid solution at 
about 70® C., and drying tho residue at 40®. It is a light, loosely coherent powder, 
of the colour of levigated litharge, easily soluble in water, having an astringent 
taste, and acid reaction ; it does not reduce nitrate of silver even at the boiling heat. 
(Ludwig, Arch. Pharm. [2] evii. 1.) , 

Dbbereiner obtained a basic ferric formate, probably .8Fe®0*.C*H*(Fe )’ 0 , y 
boiling the solution of a ferrous salt with formate of sodium. 

Formate of Lead, C*H*Pb''0*, forms anhydrous shining rhombic crystals 

isomopphous with the barium-salt (Heusser), ha'ving a sweet, metallic, astringon 

taste, like that of tho acetate, soluble in 36 to 40 pta. of water, but 
alcohol ; this last character affords a means of separating formate of lead ^roin w 
acetate. Specific gravity 4*66 (Bottgor and Giesecke, Jahresber. f. Chem, lo » 
p. 17). It decomposes when heated, giving off a watery liquid having a disagreean 
odour, but no acid reaction. Qobel obtained a formate of lead containing 1 at. waie 
(C5*H«Pb"0^ -I- mO), which it gave off at 100® C. , , ^ 

Formonitrate of Lead, 3C»H»Pb"0^Pb"N*0• 2H*0.--0btained by dissolving 
formate of lead in a hot nearly saturated solution of the nitrate, and c^hng slow . 
in large rhombic crystals, permanent in the air, and sparingly soluble in cold wa 
(Lncius, Ann. Ch. Pharm. ciii. 118.) ^ 


Formate of Lithium, CHLiO’.— Rhombic ci^i 
P . Poo , 2Poo. Inclination of ooP : ooP « 113® 


stals, having the faces ooP . coF« j 
62'; Poo ; poo over the principal 
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.,i. s 106* 42'; 2?<» : 2Peo over the principal axis = 91° 48'. (Handl, Wien. 
Akad. Bet. xxxii- 262.) 

jpofinate of Magnesium^ C*H®Mg O* + 2H-0. — Crystallises in microscopic 
rhombic prisms and octahedrons, efflorescing in the air, sohiblo in 13 pts. water, 
[Liable in alcohol and other; gives off its water at 100° C. (Souchay and 
aroll, J. pr- Chem. Ixxvi. 470.) 

ji'ornicitB of Manganese^ C'^IPMn^O* + 2H*0. — Uoddisli inonoclinic crystals, 
isoniorphoiis with the following siilt, and exhibiting the sumo faces. Soluble in 
lo pt 5 . cold water, insoluble in alcohol. When heated, they give off water and 
crumble to a white powder. 

Fanmfe of Manganese and Barium, C*n* + 2IPO.— This salt, wdiich 1ms the com- 
position of the preceding with an indclinito portion of the manganese (IVTu ; Ba)"0‘ 
^placed by barium, crystallises, on evaporating the mixed solutions of it.s component 
baits in moncxilinic crystals exhibiting the combination ooP . oP . ooPoo . [ooPoo] . 
^p’ _p . +2Poo . Rjitio of axes a : b : c = O ToOS : 1 : 0-9175. Angle h : c 
s)0 28'- ooP : in the orthodiagonal principal section = l()o° 4'; oP : -t-P 

oP : c»r = 94° 33'; oP : + 2Poo ^112° 39'; +P : +P=-.93° 11'; +r:-.P 

109° 39'. Cleavage distinct parallel to ooP. (Housser. Pogg. Ann. Ixxxiii. 37.) 

Fo r m atesof Mercu rv. — 1 . Mermrous Formate. C --1I When mercu vi c 
oxide is dissolved in cold aqueous formic acid, containing 10 per cent, of the acid 
({'JI-0^), and a gentle heat ajipliod, the solution suddenly solidi lies, with intumescence 
iuvi escape of carbonic anhydride, yielding a micaceous mass; this effect is duo to 
tlio separation of the mercurous salt formed by the action of the formic acid on the 
mercuric oxide. At first, a solution of mercuric formate is produced, but on tha 
sipplication of heat, 2 at. of this salt are resolved into 2 at. mercurous formate, 1 at. 
froo formic acid, aud 1 at. carbonic anhydride : 

2Cai'^Hg"0^ = C2ir-XUg2)'^0* + CJP02 + CO\ 

As formic acid is set free in this process, the liquid separated from the crystals of the 
inorcurous salt may bo again saturated in the coUl with mercuric oxide, and then, if 
front ly boated, it will yield another crop of crystals of the mercnrf)U8 salt. If the mer- 
curic solution be too sti’ongly heated, the crysUils turn grey from admixture of mercury, 
ntul if a still stronger heat be applied, nothing but metallic mercury is precipiUitcui, 
The crystals must be dried between bibulous paper at a teinperaturo between 30 * 
and 40° 0. They are delicate microscopic four and six-sided tsibles, snow-white 
with a pearly lustre, and greasy to the touch ; their taste is saline at first, but after- 
M’iirds inetailic and astringent. They blacken when exposed to light, especially if 
moist, and likewise, though more slowly, in the dark. They are docomposod by 
pressure, or by a heat of 1 00°, into mercury, carbonic anhydride, and formic acid : 

C'^H'^Hg^O* = llg* + CH“02 + CO*. 

Wlien heated in a spoon, they are suddenly decomposed, with a hissing noise, and 
have metidlic mercury. Their aqueous solution, when continuously heated, gives off 
carbonic anhydride, and dcfiosits all the mercury in the metallic state, the liquid 
being converted into a solution of pure formic acid (as shown by the preceding equa- 
tion). The crystals dissolve in 620 pts. of water at 17® C. ; more abundantly, but witli 
incipient decomposition, in warm water; and are insoluble in alcohol and ether. 
(Gobel, N. Tp. vi. 1, 190; Liebig, Pogg. Ann. iii. 207.) 

2. Mercuric Foniiate , — The solution of mercuric oxide in cold dilute formic ^id yields, 
with potash, a precipitate whicli is yellow at first, and witli ammonia a white precipi- 
tate ; but even if kept cold, it likewise, after a few minutes, deposits crystals of the 
mercurous salt (Gobel). .The finely pulverised oxide dissolves in the cold concen- 
trated aiiid, forming a syrupy solution, which, if left in vacuo over oil of vitriol, 
dries up to a white crystallo-granular mass, soluble in water. This miiss is likewise 
converted, by the slightest rise of temperature, into white, acicular mercurous formate, 
carbonic anhydride being at the same time evolved aud formic acid set free. (Liebig.) 

I^'ormate of Methyl , — See Pormio Ethers. 

Formate of Nickel crystallises in hydrated green needles grouped in tufts; they 
are very soluble in water, and turn yellow in drying. 

Formates of Votassium. — 1. The CIIKO*, crystallises with diffi- 

culty in white transparent cubes, having a saline bitter taste. They are anhydrous, 
deliquescent, and very soluble in water. They decrepibite when heated, and at a 
higher temperature mnlC to a liquid which solidifies on cooling. _ 

Add salt . — A solution of neutral formate of potassium 
fortnic acid, yields, according to Eineau (Ann. Ch. Phys. [31 xix. 201, and xxi. 18' _)» 
«*y8talline needles as it cools. Tho mother-liquor evaporated in vacuo over pulphurio 

T T 2 
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acid and caostic j^tash yielded a ciystalline maas, part of which was left in vacn 
long aa it emitted any odour of formic acid ; another portion was dissolved in al 
and evaporated to dryness in vacuo. These three preparations contained formie^^^^ 
and potash in the proportion indicated by the formula, CHKO^.CH'^O®, but the 
also contained 2*6 per cent, of water, the second 7‘6, and the third *110 per c ^ 
The salt has a strongly acid taste, and is highly deliquescent. By solution iu a 
quantity of water and evaporation, it is, for the most pai-t, converted into the neutral 
salt. When kept for some time in vacuo, it gives off part of its acid. ^ 

Formate of Silver^ CHAgO^ — Oxide of silver is instantly reduced by heat 1 
formic acid, but the cold acid dissolves it without decomposition ; by evaporating th 
solution, the salt is deposited in transparent rhombohedral c^stals. It likewise 
separates, on mixing moderately strong solutions of nitrate of silver and formate of 
sodium, in small shining white crystals, which under the microscope exhibit thefonii 
of four or six-sided plates. From very strong solutions the salt separates as a curtly 
precipitate. ^ 

Formate of silver quickly turns black even in the dark, especially if moist. Whoa 
heated it is immediately resolved into carbonic anhydride, metallic silver, and formic 
acid. Potash decomposes it immediately, with evolution of heat. (Liebig.) 

Formates of Sodium. — 1. The anhydrous neutral salt^ CIINaO® crystallises in 
rhombic prisms with bevelled lateral faces, which molt at 200® C., are moderately 
soluble in water, less in alcohol, insoluble in ether (S ouch ay and Groll, J. pr. Chem. 
Ixxvi. 470). A hydrated salt, ClINaO’* + H^O, was obtained by Gtibel, and likewise 
by Souchay and Groll, in rhombic tables with bevelled lateral faces, or flat four-sided 
prisms, melting in their water of crystallisation, then giving it off with strong intu- 
mescence, and afterwards solidifying to a pearly anhydrous mass. These hydrated 
crystals are deliquescent and soluble in 2 pts. water. Formate of sodium does not 
yidd any acid distillate when strongly heated. 

The solution of this salt is used by Dobereiner to precipitate mercury, silver, gold, 
palladiura, and platinum from their solutions in the metallic state, and thus to Rcparalo 
them from other metals. The dry salt may be used as a reducing agent iu blo^vpipe 
experiments. 

2. The acid salt, obtained by dissolving the neutral salt in strong aqueous formic 
acid, and evaporating in vacuo, forms ill-defined crystals, containing acid and base in 
the proportion represented by the formula CITNaO''*.CII‘0* ; they also contain 7 ppr 
cent, of water. The properties of this salt are similar to those of the corresponding 
jpotassium-salt. (B i n e a u. ) 

Formate of Strontium, C^H^Sr^O^ + 211*0. — The statements of different ob- 
servers respecting the crystalline form of this salt do not quite agree. According to 
Kopp {Krystallographie, p. 164), it forms crystals belonging to the dimctric or quiul- 
ratic system, for which c == 1*177 ; P : P in the terminal edges = 105® 23'; in the 
lateral edges » 118® 30'; Poo : Poo in the terminal edges = 98° 48'; in the late.'“al 
edges 1^3® 68'. Ordinary combination P. oP with 2Poo subordinate; or P with P*. 
which then occurs hcmihedrally, and often as the dominant form. According to 
Heusser, on the other hand, the salt crystallises in transparent six-sided prisms be- 
longing to the trimetric or rhombic system, with the faces ooP , t > 2 * 

2^2 ' I* • 

the two hemihedral forms occurring on opposite sides of the crystal ( + 2 

2j^2 P 2P2 . -j 

— , and — ^ with + “^)» being invariably attached to either side. 

^tio of axes a: b : c ^ 0*60761 ; 1 : 0*69494.* Inclination of ooP : ooP *= 117° 26; 
Poo : f 00 over the principal axis 118° 30'. According to Pasteur (Ann. Ch. 
Phys. [3] xxxi 67), this salt, thoi^h it exliibits non-superposible hemihetol foi^s 
(which may be distinguished as right and left), differs from other salts which exhibit 
this peculiarity (the dextro- and laevo-tartrates for example) in two respects : first, its 
Bolunon does not deflect the piano of polarisation of a ray of light; and secondly, 
crystallising either the right ortho left variety of the salt, crystals of the opposite kird 
are always obtained mixed with those of the original variety. But according to b. 
Jacobsen (Pogg. Ann. cxiii. 493), the development of the hemihedral faces depenaa 
altogether on the presence of foreign substances in the solution ; a small quantity ot 
free formic acid favours their development, and on recrystallising the -salt 
times from pure water, they gradually disappear. Jacobsen finds also that careniuy 
seleoted hemihedral d^st^ of either variety never yield the opposite variety on 
recrystalUsation. CSx 3 Pca]s of the salt prepared ■with formic acia obtained by tne 

* Al two of these axes dlfllw but sli^tly In length, ilie form is very nearly quadratic. 
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oxidation of etarch, placed so tliat an obtuse edge of the prism ooP is turned 
to the exhibit for the most part the face - to the left point abore (of the 

observer), whereas crystals of the same salt prepared with formic acid obtained 
from oxalic acid and glycerin exhibit, for the most part, the face ? to the right point 
Above (Jacobsen.) 

Formate of strontium is soluble in water, permanent in tlie air, and crumbles to a 
wliito anhydrous powder when heated. 

i'orviate of Tc t ry Sec Fohmic Ethebs. 

Jporma te of Thorimim , — A solution of hydrate of thorinum in aqueous formic 
ftoid yields, by spontaneous evaporation, cry^stals which form a clear solution in boiling 
wilier, but when digested in cold water form an acid solution and leave a basic salt 
Aleoliol dissolves them but sparingly. (B erzeliu s. ) 

formates of Tin. — Siavnotes Formate is sometimes a white insoluble powder, 
whi' h turns black at first when igniU'd ; sometimes a gelatinous mass wliicli is difficult 
to drv, and from which alcohol precipitates a white powder. ( A r f v o d s o n.) 

Siamic Formats. — Aqueous tetrachloride of tin mixed with formate of sodium 
(IcK's not become turbid till the mixture is heated ; it then becomes white and gelati- 
nfius, and after a while the precipitate assumes a crystalline character (Liebig). The 
acid does not dissolve stannic oxido, even when heated. 

Form a tes vf Uranium, — 1. Uranous formate. — Protochloride of uranium yields, 
with formate of sodium, a green precipitate, which dissolvi's, with green colour, in 
exci'ss of the sodium-salt, and docs not reappear on further addition of chloride of 
uranium. But on heating the mixture, it becomes turbid, and deposits a greyish 
iriven body containing uranous oxide and formic acid. The colourless liquid filtered 
iVdin this substance contains a largo quantity of formic acid and but little uranium. 
(Hamm cl a berg, Pogg. Ann. lix. 34.) 

Uranic Formate. — tfnciystallisable, glutinous mass, which becomes moist on expo- 
fcuro to the air. (Richter.) 

Formate of Vanadium, — Hydrated vanadic oxide dissolves in aqueous formic 
aciil, yielding a blue solution, wliich on evaporation leaves a blue, opaque, saline 
mass, easily soluble in water. The aqueous solution remains blue if it contains a 
dight excess of acid ; but as this acid evaporates in the air, the solution turns green, 
(lierzelius.) 

Formate o/ + 2IPO. — Crystallises by ovapiwition In mono- 
clinic prisms, isomorphous with the manganese and cadmium salts, and exhibiting the 
faces ooP, oP, + P, + 2P 00 , ooPoo . Ratio of axes a : h : c =. 0*70527 : 1 : 0‘y3430. 
Angle of inclined axes c= 82® 41'; ooP ; ooP - 104® 32’; oP: + P = 120® 4'; 
oP:c»P == 94® 28'; oP ^ + 2Poo - 112® 14'; +P: +P - 93® 17' (Uoussor). 
Tho crystals are permanent in the air, soluble in 24 pts. water at 19° C., insoluble in 
•ilcohol. By dry distillation they give off pungent inflammable gas, and leave zinc- 
oxide containing charcoal. 

Formate of Zinc and Barium, C®H^(Ba ; ZnfO*, forms crystals belonging to tho 
triclinic system, (l^i^usser.) 

FORMZO ZSTHSI^. Compounds derived from formic acid by the substitution 
of an alcohol-radicle for the basic hydrogen. Four of them are known, all derived 
from alcohols of the series C"H**+*0, viz. the formates of methyl, ethyl, tetiyl, and 
amyl. 

Formate of Amyl, C®H**0* « CH(C*H”)0*. — This compound, isomeric with 
oapric acid, and with valerate of methyl, butyrate of ethyl, ethylate of tctryl, and pro- 
pionate of trityl, is obtained by distilling 6 pts. anhydrous formate of sodium, 6 pts. 
strong sulphuric acid, and 7 pts. amylie alcohol : mixing the distillate with water ; 
gashing the separated liqnid with solution of caibonate of sodium, then with water ; 
drying over chloride of calcium, and rectifying. It is a colourless mobile liquid, having 
an agreeable odour, like that of ripe fhiits. Specific gravity 0;8743 at 21® C. (K opp) ; 
Wu9 at 16®, referred to water at 4® as unity (Mendelejef, Compt rend. L 62). 
i^ilmg point about 116®. Slightly soluble in water ; when kept in vessels containing 

'J.'l^ickly turns acid (H. Kopp, Ann. Ch. Phann. Iv. 183.) 

uuoramylio Formate, C®H"C10*. Syn, with Chlobocabbonatb 


ov Ama 


(»• 916). 

formate of Butyl, — See Fobmatb of Tbtbtl. 

formate of EthvL «*• CH(C*H*)0*. Ethylic formate. Formic ether. 

^eniUher, Ameismiaphta, (Ghl vui. 482 ; Gcrh. i, 234.)-This ether, isomeno 



694 FORMIC ETHERS. 

with propionic acid and acetate of methyl, was discovered by Afzelius of UMal • 
1777 ; examined soon afterwards by Bucholz, and by Gehlen, and more cxaSy 
Bobereiner, Liebig, Marchand, Lowig and Weidmann, and H, Kopp. It is obtwnS 
by distilling alcohol with strong formic acid, or fonnate of sodium and sulphuric a ‘d 
and by the decomposition of oxalic ether. 

Preparation,-^\, By distilling 7 pts. of dry formate of sodium with a mixture of 6 
pts. of highly rectified spirit, and 10 pts. strong sulphuric acid ; agitating thedistiliat 
if acid, with magnesia ; separating it from alcohol by agitation with water, then dll 
canting the ether and rectifying it over chloride of calcium (Bobereiner). 
mixing the three ingredients, heat is evolved sufficient to distil over all the formic 
ether. The distillate is agitated with an equal volume of milk of lime, and the formic 
ether evolved as above is dehydrated by chloride of calcium, after separation from th«* 
lower stratum, the chloride of calcium being renewed as often as it becomes moist 
after which the ether is simply decanted off (Liebig). II. Kopp uses 8 pts. 
mato of sodium to 7 pts. alcohol of 88 per cent., and 1 1 pts. sulphuric acid, conduetiii«r 
the process in other respects in the same manner as Liebig. — 2. A mixture of 30 pts” 
sulphuric acid, 15 pts. water, and 15 pts. highly rectified spirit is poured upon an in- 
timate mixture of 10 pts. starch and 37 pts. very finely pounded manganese, and the 
whole distilled with gentle ebullition as long as formic ether continues to pass over 
A large quantity of chloride of calcium is then dissolved in the distillate, whereby, iii 
the following distillation over the water-bath, the ^eater part of the water and alcohol U 
retained, and the liquid which passes over is* again rectified with chloride of calcinm. 

3. Acid oxalate of ethyl distilled with glycerin at 100° C. decomposes similarly m 
oxalic acid when similarly treated (p. C86), yieldinjj foimnatc of ethyl I'he impiirt* 
ether obtained by prolonged digestion of oxalic acid with alcohol may be used fur 
the purpose. fChurch, Phil. Mag. [4] xi. 75.) 

4. Formic ether is obtained as a secondary product in the preparation of ncutriil 
oxalate of ethjd. When 700 grms. dehydrated oxalic acid (obtained by gently 

a kilogramme of the crystalUsed acid) are mixed with 750-800 grms. absolutt; alcohrii, 
or spirit of 97 to 98 per cent., and the mixture distilled in a sand batli, there is oli- 
tained between 145° and 186° C. a distillate containing formute and oxalate of clhyl, 
together with small quantities of carbonate of ethyl and alcohol, and above 18G°piiro 
oxalate of ethyl. The mixture just mentioned may be separated by fractional distil- 
lation, the formate of ethyl passing over between 65° and 75°. (Lowig, Ann. Cli. 
Phys. [3] Ixiii. 464 ; Jahrosber. f. Chem. 1861, p. 697.) 

Properties. — Formic ether is a thin, transparent and colourless liquid, having a 
strong agreeable odour, like that of peach-kornel.s, and a strongly aromatic tasto ; of 
specific gravity 0*9157 at 18° C. (Gohlon); 0*9188 at 17^; O DOSl at 0° (II. Kopp); 
0*9677 at 0^ (Pierre). Boils at 54° (li. Marchand); at 66°, under a })ressureof 
27*7” (Bobereiner) ; at 54*9° w'ith platinum wire immersed in it (IT. Kopp); sit 
52*9° under a pressure of 752 mm. (Pierre); at 54*3 under a p>ressurc of 702 min. 
(Andrews). Tension of vapour at 230 «== 8*2 inches of mercury (B ci her einer). 
vapour-density «= 2*693 (Liebig); by calculation (2 voL) = 2 665. It burns vitli 
a blue flame yellow at the edges. It dissolves in 9 pts. w’ater at 18° C., absorbs 
moisture quickly from the air, and i.s slowly decomposed thereby into alcohol ami 
formic acid ; it must therefore bo kept over chloride of calcium. In presence of alkalis 
the decomposition takes place more quickly. Formic ether mixes in all proportions with 
alcohol, ether, and wood-spirit, and with many oils, both fixed and volatile. Heated 
with dry ammonia in sealed tubes, it is converted into formamide (Hofmann, p. 681). 
Witli chlorine it yields substitution products {vid. inf.). 

Chtorethylic FormatCy — ^Identical with chlorocarbonate of ethyl (i. 916). 

Dichhrethylic formate^ C®H*'CPO* •» rapidly attacks formic 

ether, producing hydrochloric acid and dichlorethylic formate : 

+ 2C1» « C»H*CFO» -f 2HC1; 

together with formic acid and chloride of ethyl, resulting from the action of the hydro- 
d&ric acid on the formic ether. The product is distilled slowly, the temperature iiot 
being allowed to exceed 90° C. ; at 105° the mixture would turn brown. The residui? 
is poured into water, and the oil which rises to the surface is dried in vacuo. It 
soluble in alcohol and ether, but is decomposed by water. Specific gravity « 

16° C. It cannot bo boiled without decomposition. Aqueous potash attacks it readiiyi 
produciiig chloride, acetate, and formate of potassium : 

C»H^C1*0* + 2KHO - 2HC1 + C*H»KO» + CHKO*. 

Ferchlorethylic formute^ C*CPO* - This compound, produced by 
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ortion of cWoriae on fonnio ether in sunshine, has exactly the same composition, pro- 
!!^ie8, and reactions as perchloromethylic acetate obtained in like iniinner by the 
of chlorine on acetate of methyl (i. 24); in fact the two compounds appoi\r to 

be identical. CHO > 

jPorfnfitc of Methyl^ ^0. Mcthylic formate . — This compound, 

. ,ric with acetic acid, was first obtained in 1835 by Dumas and Toligot (Ann. 
fh riivs. [2] Iviii. 48). To prepare it, equal parts of sulphate of melliyl and formate 
f sodium nre gently heated in a distillatory apparatus. As soon us the act ion begins, 
t^Iie mass becomes spontaneously heated, and methylic formate passes over in a nearly 
ure state into the receiver, which should bo well cooled. The methylic formate, 
which afterwards passes over at a higher temperature, is contaminated with a little 
nietliylic sulphate. The distillate thus obtained is rectified over formate of sodium, 
anti then once by itself in a dry retort. In this manner, a perfectly pure product ia 
obtained. This compound is not obtained by distilling wood-spirit and formate of 
sodium with sulphuric acid. 

Fi)nnate of methyl is a transparent and colourless liquid, lighter than water, vciy 
volatile, and having an ethereal but very pleasant odour. Vapour-density « 2*084 
(Dumas and Peligot) ; by calculation (2 vol.) = 2*08. Boils between 30° and 
C. ; smells like formic ether. (L i o b i g.) 

' ChJ or oimthylic formate^ Cll^CiO'-*. — Identical with chlorocarbonato of methyl 

cnoi 

TercUoromethylic formate, C^CPO* « > 0.— To prepare it, perfectly anhy- 

drous methylic formate is placed in a bottle filled with dry chlorine gas, and exposed 
for some days to the sun (the action, though violent at first, soon diminishes in inten- 
sity), till after about fourteen days the colour of the chlorine no longer diminishes. 
Tlio iiqui(l, which is coloured by free clilorino, is then distilled, the portion which 
distils over below 190^ C. eollectod apart, and rectified several times, llic more volatile 
jiortion being each time collected. 

It is a transparent, colourless, very thin liquid, of specific gravity 1*724 at 10° C., 
boiling at 180° to 181°, and having a strong pungent odour, like that of phosgene. 
AMjcii passed in the state of vapour through a tube heated to 340<^--350, it is converted 
almost wholly into phosgene gas, with which indeed it is polymeric. Aqueous 
acts violently upon it, forming white nacreous trichloracetamide and sal-ammoniac, 
and probably a third product. Potash, even when hot and concentrated, exerts scarcely 
any d(‘Comj) 0 .sing action. Alcohol decomposes it, with formation of chlorocarbonato of 
ethyl; methylic and amylic alcohols form similar products. (Cab ours.) 

FormateofTetryl, Discovered by Wurtz (Ann. Ch. Pharm. 

xciii. 121). Isomeric with valeric acifl, witli butyrate of methyl, promonatc of ethyl, 
and acetate of trityl. It is prepared by heating formate of silver with somewhat less 
than an equivalent quantity of iodide of tetryl in a sealed tube in the water-bath for 
several hours, then distilling off the volatile product, wa.sliing with sodic carbonate, 
drying over chloride of calciora, and rectifying. It is a fragrant liquid, boiling at 
about 100° C. 


FOftMOMBnmAXi. See Methtlal. 

FORM;oirAFBTSAUl>B. Syn, with Naphthti.-fohmamidb (p. 681). 
rORMOirSTZir. (Hlasiwotz, Wien. Akad. Bor. xy. 142).— A 

Bub.stance obtained, together with glucose, by the action of hot hydrochloric or boiling 
dilute sulphuric acid on ononin, (g. v .) : 

-t- +211^0. 

It may be purified and obtained quite white by crystallisation from strong alcohol, 
yr by solution in ammonia and partial precipitation with hydrochloric acid. ^ 
hot alcoholic solution it separates in small crystals. It is nearly insolu > e _ 
aud in ether, does not precipitate metallic salts, or colour ferric ch ori . 
rtlkalis dissolve it and decompose it at the boiling heat. By sidphunc aci P , 
oxide of manganese it is coloured violet. By boiling with baryta-water it ifl resoivea 
into formic acid and ononetin, C*®H^*0** : 

C5oji«0« + 4H*0 = 2CH*0* + C«II«0” 
FORMOirtTBUB. Syn. with Htdboctanic acid (p. 214.) . , , , 

rOBiigirr-^ 1UI.TXOWAB.— Chemists are accustomed to ^'stinguish 

formula; namely, empiric^ 189^^^ 

These terms were first introduced by Berzelius (Jahresber. [1833] xiu. 189, i'ogg. 
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Adb. xxTiii. 617; Ann. Ch. Phys. liv, 6 ; abstr. Ann. Ch. Pbarm. vi. 173) ; the iomm 
denote formulse which “ result immediately from an exact analysis and are invarShT.? 
the latter to denote formulae which “ are designed to give an idea of the two elalbL 
chemically opposite bodies of which the comjwund is regarded as constituted • thr 
to say, to render evident the electro-chemical division of the body submitted t* 
analysis.” The meaning now attached to these expressions is only so far differe t 
from their original meaning as here defined, that, with the growth of new theories f 
chemical constitution, the signification of rational formulae has been widened so as 
longer to denote the representation of substances on the electro -chemical theory onP 
but so that a formula which expresses any view whaterer respecting the constatutio 
or nature of a substance, beyond what results directly from its. analysis, is now called 
a rational formula. 

Empirical formulae being merely expressions of the results of analysis in terms of 
the atomic weights of the elements (or more strictly speaking, in terms of the vaiuog 
represented by the elementary symbols : which, however, are always taken in thig 
work as standing for atomic weights), all that is required, in order to fix the empirical 
formula of any substance, is that the atomic weights of the elements should liavo Iwn 
determined, and that the substance itself should have been accurately analysed. Such 
formulte, therefore, can never become the subjects of discussion, or of differences of 
opinion ; except, indeed, in cases whore the experimental data aro incomplete. With 
rational formulae, on the other hand, it is very different. A perfect rational formula 
would amount to a complete statement of the chemical constitution, analogies, and rela- 
tions of the body which it represents, while tlie simplest of such formulas is, by its 
veiy nature, an expression of something more than the direct results of experiment. 
It is obvious, therefore, that the rational formula of any substance must vary with 
the general theoretical views which from time to time exert the greatest influence in 
chemical science, and that chemists who hold different opinions with regard to any 
fundamental point of chemical theory, will assign different rational forimilm to the 
same bodies. On investigation, however, it will be found that, in very many cases, 
the different formulae given to the same substance do not represent distinctly different 
views of its chemical nature, but that they express the same meaning under differmt 
forms. In fact, the question, what is the rat ional formula of any given substanct' ? 
resolves itself into these two different parts: (1) what is its chemical function or its 
place in a general chemical classification ? (2) by what formula is this function most 
suitably expressed ? In this article wo shall endeavour to show, by the discussion of 
one or two illustrative examples, the manner in which answers to these questions can 
be arrived at. 

Tlie chemical properties of compounds of the lowest order of complexity appear to 
depend solely on their chemical composition, and hence the emjpirical formula! which 
express their composition are at the same time the only possible rational formula) 
.which can be given to them. In more complex compounds, on the other hand, 
the chemical properties depend, not only on the nature and proportions of their ele- 
mentary constituents, but also on the mode in which these constituents are comhineil. 
Thus acetic acid, lactic acid, formate of methyl, ethyl-carbonic acid, glycollatc uf 
methyl, methyl-glycollic acid, glucose, and some other substances, would all give the 
same results on analysis, and would consequently all be represented by the same em- 
pirical formula, CH*0. The very different properties exhibited by these l>odii*», 
all comjjosed of the same elements united in the same proportions, can be due to 
nothing but to differences in the mode or order in which these elements are combined 
in each of them ; and although, in most cases, we are far too ignorant of the manner in 
which the atoms of compound bodies are grouped together, to attempt the expression 
of it by the arrangement of symbols in our formule, still it is possible to indicate to a 
groat extent, by means of rational formulae, the different chemical characteristics which 
result from variations in the mode of combination of the same atoms. This, however, 
can be done only by a comparative method, that is, by selecting a certain number of 
representative substances, and giving to all other bodies formula which shall 
express the nature of their relations to the substances so selected. 

In the article Classification (i. 1010, et seq.) it has been shown that the following 
substances 

Ha HK) H*0 

Hydrochloric acid. Water. Ammoula. llarih gas. 

may be thus taken as typical of all compounds of the simplest order, and that, by ^ 
assumption of compound radicles, substances of ™at complexity may also be oomparw 
with them. The rational formula adopted in niis work amount merely to .8tAtem<raw 
that the substances represented by them are comparable, so fiur as regards their mode* 
nl formation and tran^ormation, with one or other of these fundamental types. 
•umiiig, at present^ that this is the best system of rational formulae, the first quesbon 
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y, be — nwnely, Ae ^nner of determining the place of a substance in a 

ffpiternl scheme of chemical dassiiication — is seen to be in reality a discussion of the 
Smnndfl upon which a compound is referred to this or that type, and regarded as con- 
Sninff this or that compound radicle. 

The rules which are practically recognised by chemists in the formation of rational 
fnrmulfle, will be better explained in relation to particular instances, than by attempting 
1 eeneral exposition of them which should be appUcable to all cases. Hippuric acid, 
for examplcf is represented by many chemists by tho rational formula, 

H) 

C’H*0 N 
(C'^H^or^ ^ 

H 


W’o will proceed to consider in dobiil the meaning of this expression, and the manner 
in which it is deduced from the known properties of the substance it represents. 

The analysis of hippuric acid leads at once to the empirical formula C*H®NO*; and 
the quantity represented by this expression, is that which rcsult-s from all reactions 
in which hippuric acid is formed, as well as that which reacts in all tho transforma- 
tions which this acid is capable of undergoing. ^ This formula therefore represents, not 
only the composition of hippuric acid, but also its molecular weight. The principal reac- 
tions of hippuric acid, at least those which have been chiefly kept in view in deducing 
the rational formula above given, are expressed by the following equations : 


Reactions of 

formation — 




1. 

C^H^NO* + 

C’Il»OCl 

- C’H^NO* + 

HCl. 


Glycocine. Chloride of benzoyl. Hippuric acid. 


2. 

C»H»N02 + 

C’lPO* 

« C»H®NO» + 

H*0. 


Glycocine. 

Benzoic acid. 

Hippuric acid. 


Reactions of 

transformation 

— 



3. 

C^n^NO* + 

KHO 

= C*H«KNO* + 

RH>. 


Hippuric acid. 


Hippurate of potassium. 

4. 

CIPNO* + 

H^O 

= c*n»NO* + 



Hippuric acid. 


Glycocine. 

Benzoic acid. 

5. 

c^irao* + 


« C^H^NO* + 

caw. 


Hi]ipuric acid. 


Glycocine. Hydride of benzoyl. 

6. 


NHO* 

= C»IP0‘ + 

N* + H»0. 


Hippuric acid. 


Benzoglycolllc acid. 


7. 

C^H^NO* + 

0* 

«= C^H'ON + 

2C0» + n'O. 


Hippuric acid. 


Benzamide. 



In the first of these equations, that representing the formation of hippuric acid by 
the action of chloride of benzoyl on glycocine, there is an azotised body and a chloride 
on cncli side : on the first side, glycocine and chloride of benzoyl, and on the second, 
hippuric acid and chloride of hydrogen ; and on looking at the composition of these 
suhstimccs, it is seen that the difiTerence between glycocine and hippunc acid is just the 
saiiu* as that between hydrochloric acid and chloride of benzoyl. To exprt'ss these 
n-Iations in the rational formula of hippunc acid, it is plain that this formula must 
ropreseiit hippuric acid as bearing the same relation to glycocine that chloride of 
benzoyl does to chloride of hydrogen; that is, it must represent it as glycocine wherein 
the rjuiicle C’H^O, benzoyl, takes the place of an atom of hydrogen. Similarly, 
equations 2 and 4, which are the converse of each other, show that the relation of 
hippuric acid to glycocine is the same as that of benzoic acid to water; and equation o, 
tiiat it is also the same as that of hydride of benzoyl to hydride of hydrogen : but 
benzoic acid is to water, and hydride of benzoyl is to hydride of hydrogen, just what 
chloriJu of benzoyl is to hydrochloric acid : these last three equations therefore load 
to exactly the same rational formula for hippuric acid as the first ; that is, to the 
formula 

C*H\C'H»0)N0*, 


f an equivalent expression, . . i? u 

Again, equation 3 shows that hippuric acid contains an atom of hydro^g * 

> far different from tho rest that it can he replaced by an atoin of another meta.1, M 
otassium, while all the other atoms remain in unaltered combination. To 
«?.we must further break up the formula and wnto one ^ 

»iiadcr. Here, however, the question arises, how is this 

le previous one. Are we to represent this exceptional atom of hyd^en m b P S 
'the original compound glycoi^ne, or to tho radicle hensoyl, which wo 
imitted as replacing one atom of hydmgen ? The answer to this questnm is 
F considcring^^thc properties of glycocine and chloride of benzoyl, the substances from 
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which hippnrie acid is put together in the reaction represented In equation 1. qj 
cine contains an atom of hjdw^mi replaceable by metals ; chloride of benzyl 
not : hence the natural conclusion is that the replaceable hydrogen of hippuric a?i 
belongs to the glycooine and not to the benzoyl This is expressed by the fo 
niula 

C*H».H(C»H»0)N0* 

whereas the opposite conclusion would be represented by C*H^(C’H*O.H)NO». 

Equation 6 states that an atom of hydrogen and an atom of nitrogen can be 
removed from hippiinc acid and replaced by an atom of oxygen. The hydrogen^atom 
thus removed appears not to bo the one which, as we have already seen, is replacoablo 
by metals: for the product of the reaction, benzoglycoUic acid, still contains asiinilarly 
replaceable atom of hydrogen. A second H must therefore be separated fixmi the 
rest in the formula of hippuric acid, and thus we get the expression 

c=mir.n(C’H*o)NO« 

There is reason to believe that the atom of hydrogen in glycocine, which can U 
replaced by metals, owes its special characters to its being in more direct combinatiou 
with one of the oxygen-atoms of the compound than witli the nitrogen : hence, if tho 
conclusion arrived at in the last paragrapli but one be admitt ed, it follows that fho 
radicle C’H^O in hippuric acid is not directly combined with oxygen, but is probably 
primarily united with the nitrogen. This supposition is strengthened by the reaction 
represented in equation 7, where, when the other elements are completely oxidlseii 
into carbonic anhydride and water, the benzoyl and part of the hydrogen remain united 
with the nitrogen in tho form of benzamide. This can be expressed in the rational 
formula of hippuric acid by arranging the symbols in such a way as to represent the 
nitrogen and the group C’il*0 as in direct combination ; for example, thus— 

CTiwir, 


where the atom of hydrogen represented in direct combination with the nitrogen is the 
one which is displaced, at thd same time as the latter, when liippuric acid is acted on 
by nitrous acid (equation 6), and the second hydrogen-atom written apart from tho 
rest, in tho lowest line of tho formula, is tho one replaceable by metals. 

There is still the group of atoms, C^IPO-, which remains intact throughout all tlio 
transformations hitherto considered, except that represented by equation 7, where it 
is completely oxidised. We might therefore legitimately regard it as a diatomio 
radicle, and assign to hippuric acid tho rational formula 

^ ) 

C’H^O IN 
(OT-o^y' { 

n 1 

M the one 'trhicli expreeses all its principal transformations. But the adopt ion of ttiis 
formula for hippuric acid would involve the representation of glycocine by 


H 

H 


N, 


H 

and of glycoUic acid by (C'*H*0‘)" 


}0 

} 


formula) which, though expressing several very important- relations of these bodies, net 
only do not indicate the possible formation of Heintz’s diglycolamidic acid, , 

and triglycolamidic acid, C*H®NO®, or of the diglycoUic acid, discovered by 

Wiutx and by Heintz, but conceal the analogy of glycollic acid to lactic acid, which 
latter cannot be represented with a radicle containing 0'“*, since, by the action of pent*- 
chloride of phosphorus, it yields tho chloride C®H^0C1*. Por these reasons, a formula 
in which the radicle C^H*0» is broken up thus, €®II*0:0, is a more satisfactoiy repre* 
sontation of glycocine, and consequently of hippuric acid, than that given above. Tuua 
we come finely to the expression 

^ 1 

C'n»o fN 

H }0 


* as the ultimate rational formula of hippuric acid. . , 

If, however, we extend our consideration, not merely to the transformations of 
puric acid itself, but also to those of the substances out of which it is built up, 
which it can be decomposed : if, for instance, we take into account the 
of benzoic acid into a carbonate and benzene, and of glycocine into a carbonate 



fokmul^ rational. 

Avlamin®* distilled with baryta, we mast break up this formula still further 

C‘n‘ 

(CO)"! 

(CH*)''{ 

(co)'r 

H }o, 

r In some equivalent form. 

** Two points arise from the foregoing discussion which aro of sufficient importance to 
. dwelt upon somewhat more at length. They are, first, the purely relative oharact<T 
f rational formulae, or their dependence on the particular transformations which they 
are intended to represent; secondly, the necessity of assigning comparable formulso to 
eompamble substances. 

Rational formulm being used in the sense which has been indicated in tliis article, that 
is as descriptive only of the bodies to which they are assigned, it is obvious that, if a 
gubstonce can react in several different ways, it may receive as many distinct rational 
formula?, each of which shall bo truly descriptive of it relatively to a particular set of 
transformations; although it can only have one completely rational formula, that is, 
only one formula indicating all the transformations which it is capable of undei*going. 
This is nothing more than what we meet with in common language, where, as wo know, 
several distinct partial descriptions of the same object may bo each of them quite 
aooiirate as far as they go, although there cannot be more than one complete dt‘scriptioii 
of it. This is almost too simple a matter to need to be sp(>cially pointed out, were it 
iiot that some chemists maintain that the same substance cannot liave more than one 
rational formula. For inst^ince, in the Annaltm dcr Chmiie und PharmacU’, vol. cxiii. 
pp. 225, 226 (February, 1860), we find the following passage in reference to the tw'o 

formula ) jo, which Wurtz, in order to express the 

' Cl 

(Hffi'ront ways in which that body reacts, had assigned to the product of the action of 
alcohol on chloride of laxttyl : , » i ^ * 

“ If two isomeric bodies are recognised as distinct substances because they contain 
their proximate constituents grouped in different ways ; if further the rational consti- 
tution, as distinguished from the empirical constitution, is that which indicates the 
proximate constituents of a compound together with the part which they play therein ; 
and if finally the rational formula is the symbolic expression of the conception wliicli 
we form to ourselves, at any given time, respecting the rational constitution of a body, 
it is not possible that, as Wurte supposes in the case of chloropropionic ether, a com- 
pound can have twor.itional fonnulse at the same time; that is, that it can beyariouslv 
constituted. No ono will share the opinion that the chloropropionic acid which 
produces lactic acid is not identical, but merely isomeric, with that wliich is converted 
by hydrogen into propionic acid.” 

“ . . . . To advocate at ono time two different rational foiTnula? for tlie same 

compound, that is, to pretend that it contains now one group of atoms, and now 
another as its proximate constituents, and contains them perhaps differently combined 
toiietlier, as is expressed by Wurtz’s two formula) for chloropropionic ether, is to assert 
an impossibility.” „ , 

On examining these quotations, it will be seen that the use of rational formulm 

•U.* U X 1 . -1 1 il 1- 4. ....^4-.. t-liiif wliinVi Tina TiO.CTl CXOlaincd 111 tillS 



positions respecting the < 


L of compounds, 


chemical properties. Regarding the reactions of compound bodies as deerminc, 
only by the nature of their elements, hut also by the way in which 
atoms are united, ho considers that rational formulm ought to represen 
stmeturo of bodies, and thus show why they exhibit the particular ^ 

which they are characterised. If we had the means of ascertniuing wi c ^ 

constitution of bodies, there can be no question that formula by w iic 1 1 < * ^ P : , 
would be the best rational chemical formulae, and that 

he true for each substance ; hut, since our only mode of learning o . V ^ 
Btituted is by studying the reactions by which they are formed 
^oms the s^est course to be satisfied, for the P^sent, with 

jeate what these reactions are, resting assured that ^ c<fnceD- 

knowledge of their cause is by endeavouring to attain a distinct an p P 

When^coiSaeri^ any reaction for the purpose of deducing from it a rational 
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formula for ih« bodies which take part in it> we have fo distinguish betwa^ 

the constituents which are unaffected by the reaction and those which are add^ 
separated, or replaced by others. Thus when chloride of benzoyl acts on ammoi^ 
producing benzamide, ^ 


H*N 


C^H’ON 

Benzamide. 


HCl, 


C’H»0C1 + 

Chloride of benzoyl. 

we have the group C^H*0 common to the reagent and to the product, while Cl in th 
former is replaced by in the latter. It has been explained in the article Cla.s8i^ 
FICATION (i. 1014, 1015) that the group which remains constant throughout a reaction is 
the radicle of the substances concerned in it, while tlie atoms that are affected by the rv>- 
action are those which serve to characterise the type of the reagent and product 
spectively. In the rational formula of any substance, the radicle expresses its 

relations, and the type its chemical function. In the formula H >N, for benza- 

H ) 

mide, the radicle C’H*0 indicates that the substance belongs to the same chemical 
family as benzoic acid, oil of bitter almonds, and chloride of benzoyl ; while the symbol 
of nitrogen outside the bracket, and the two Hs within, denote that its chemical 
function is that of a primary monamide (Amides, i. 169). This formula, however, 
plainly does not indicate the possibility of a reaction such as that of pentachloride of 
phosphorus on benzamide, namely, 

C»H»NO + PCP « C’H«NC1 + HCl + POCl>. 

To obtain a formula which shall do so, we must, as before, distinguish between the 
atoms which are affected by the reaction and those which remain in unaltered 
combination; we thus got from this equation the rational formula for benzamiih^ 

^ which rejjresents it as the hydrate of tlie radicle C’H*N. 

The consideration of two different reactions tlius leads to the representation of 
benzamide at one time as an amide, at another as a hydrate, but it is possible fo 
express both these reactions by a single rational formula, il* we represent benzamidi* as 

n 1-^ 

at once an amide and a hydrate. This is done by the formula (OW)'", , where 

n }o 

C^H®, the group of atoms which remains unaltered tliroughout both reactions, is the 

H’N ) 

radicle, and the typo > . 

It is important to notice here that a formula derived from a simple typo can only 
express pactions of the kind which is characteristic of that type, and that, as soon os 
we have to express more than one kind of reaction by the same formula, wo mmst 
make use of a complex type. It is obvious, however, that complication of typo involves 
simplification of radicle, and vice versd; so that a formula expressing oil the rojictioiis 
in which a given substance could possibly take part, whethi'r as reagent or product, 
would be one containing only radicles of the greatest possible simplicity ; that is, con- 
sisting of single elementary atoms. All rational formulse containing compound radicles 
are necessarily partial, for they cannot express any reactions in which the constituents 
of those radicles are separated from each other. Such forraulte are neverlholess, the 
most commonly useful, for it is more frequently necessary to point out the relations of 
one substance to others of a comparable degree of complexity, than to iiidic'ate tlio 
reactions by which it can be put together from its constituent atoms, or by which these 
can all be separated from each other. (See further, Preliminary lieport on Organic 
Chemistry, by G-. C. Foster, Keports-of British Associat. for 1859, pp. 7-1 !•) 

The second jjoint which, as has been stated, arises out of the discussion of the for- 
mula of hippuric acid, is the necessity of giving comparable formulas to comparable 
substances, or of adopting a uniform system of rational notation ; that is, always ex- 
pressing similar reactions in the same w'ay. What is meant will become more clearly 
intelligible by an example of that which, we contend, is an illogical and inconsistent 
use of formulse. In Kolbe's Lehrbuch der organischen Chemie (Braunschweig, I860, 
ii. p. 117), the decomposition of hippuric acid, when boiled with binoxide of lead, is 
represented by the following equation : 


Hippuric acid. 


[C«O«],0 + 6Pb0> 


(C'*H*)C*On, 

H*{* 

Benaamlde. 


- + 2C‘0*+2H0 + 6P1>0.' 


* In tblf eqoatlODf and In what.followi In referenre It, Hal. OmS, Cfl»6, ftc. 
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^ represented as Wmc acid, H0.(Ci2n»)[C*O*],0 (according 

^ ^olbo), wherein amido-acetoxyl, C<| (the radicle assumed by Kolbe to 

* t in glycocine or amido-acetic acid), replaces one atom of hydrogen ; while 
’imide is represented as ammonia in which an atom of hydrogen is replaced by 
1 ovL although, as we hare already seen, hippunc acid bears exactly the same rela- 
to glycocine that benzamide doc^s to ammonia. Chloride of benzoyl reacts on 
^Wcocine exactly as it does on ammonia, forming in the one case hippuric acid, in the 
benzamide ; yet the above formula represent the products as related to the re- 
nts quite differently in the two reactions. In the first, substitution is represented 
^^h'lving taken place within the radicle ; in the second, this mdicle is re- 

«;,nted as being itself substituted for hydrogen. 

* The same chemist furnishes us with another example of the illogical use of formuhe, 

• the expressions by which he represents the products of the action of cliloropropionic 
”tlicr (Wnrtz’s Mer Morolaciiqiie) on ethylato of sodium and on butyrate of sodium 

'The reaction is in both cases perfectly siniibir, and may bo described as 
tlic combination of the reagents, ^dth elimination of eliloride of sodium. Kolbe never- 
theless formulates the first product, dicdhvlic lactate, as ehloropropioni(* ether wliorein 
the chlorine is replaced by binoxide of ethyl, but represents the second, butyro -lactate 
of i thylf chloropropionic ether wherein the chlorine is replaced — not by binoxido 
of butyryl but — by butyryl in which binoxide of hydrogen is substituted for an atom 
of hydrogen. The formulae in question, retaining the atomic weights used by the 


author, are — 

Dielhylic lactate. 


OTPO.C< 


c« 


H* 


JW 

Butyro- laciiito of etliy*- 


[c*02],o; 


This incorrect use of rational formiilm caused Kolbc to predict that bu tyro-lactate of 
otliyl would undergo a decomposition, when boiled with dilute Iiydi-ocdiluric acid, dif- 
ferent from that which is found actually to occur. (S<*e Ann. Ch. IMiarm. cxiii. 23o.) 

We have drawn attention to iheso examples of the wrong use of forniuhe, l>ecause it 
is necessary to bear clearly in mind that, whatever system of rational formuhe we may 
prefer, and whatever may be our opinions as to what can and wliat ought to be (ex- 
pressed by them, the language of chemical symbols obeys the sairuj laws as all other 
languages, and ceases to have value or meaning wlien dissimilar expressions are used 
to n present identical relations. 

When it has been ascertained by tho study of their reactions, that two or more sub- 
stimc(‘s are of allied constitution, there are two ways in wdiich the relations l)etwcen 
tlioni may he expressed by rational formid;e. In thollrst, or additive substances 

of .similar function are rejireseiited as containing, as a common constituent, the first term 
of th(» series to which they belong, united in each of them to a different additional group. 
In this system of formal®, methylic, ethylic, and amylic alciohols would be respM- 
tiv«dy represented aa water combined with methylene, with ethylene, and with 
aniylene : thus — 


CH^Hl 


0 


c^n‘Mi) 


Amylic alcohol. 


nr 

Methylic alcohol. Ethylic alcohol. 

In these formulm, the constant constituent denotes the chemical function ; the vari- 
able nddition, or characterises the family to which the substance belongs. 

I'ornmlse of the second kind may be callea suffstitutive. They are such as those 
commonly employed in this work. In this system, a series of allied bodies are not 
represented as cx)ntaining the first term as such, but as derived from it by substitution. 
I’hus, the three alcohols above mentioned are represeutod as derived from water by he 
substitution of the radicles methyl, ethyl, and amyl for hydrogen: namely 


Methylic alcohol. 


cw 

H 


Jo 

Ethylic alcohol. Amylic alcohol. 

The earliest rational formulm used in organic chemistiy, namely, those 


Dumas and BouiTay (Ann. Ch. Phyg. ixxvii. 16, 1828) represented the constitution 
^f the compound ethers, were additive; and formulm of this kind i 

Jiost cxclusiTo use by chemists of the French school. SimUar 

ky Mitscherlich (Amt- Ch. Fhys. It. 41, 1834 ; Ann. Pham, ix 39) for benzoic acid 
wid some of its derivatives ; for example — 

C»n»0* - C'H'.CO* - C*H* + CO> 

Benzene. Carbonic aohydrlae. 


Benzoic acid. 



7ia 


UATlUWAjU 


cai*0 » CH* CO «. C«Ef + CO 

Beniene. Carbonic Oktde. 


Oil of bitter almondi. 

CTH^NO «C»H«CHNO. 

, / 

Beuzamide. 


C«H« + CHNO. 

Benzene. Cyanic acid. 


All such formuliB, however, were rejected by Berzelius and his followers, on 
ground that they represented a mode of combination unknown in mineral chemi r * 
(see Pogg, Ann. xlvii. 289, 1838) ; until, in order to be able to represent the constit? 
tion of trichloracetic acid as in harmony with the electro-chemical theory, Berzeliu* 
himself (Lehrb. d. Chemu\ Aufl. i. 709) gave an additive formula to' acetic ada 
representing it as oxalic acid modified by the copula methyl : thus — ' 

and the same idea was extended by Kolbe, in 1848 (Handworterb. iii. 177 [article 
Formeln, cheniische ^ ; also Ann. Ch. Pliarm. Ixv. 288), to the whole series of aoiils 
homologous with acetic acid ; and by Berzelius to the organic alkaloids, which ho re- 
garded as formed by the combination of ammonia with various copah'e. 

It is obvious, that every additive formula can be easily transformed into an enuira- 
lent substitutivo formula; thus, for instance, Wurtz’s formula for acetic acid 
C\CUi^)O^.HO (Ann Ch. Vhya, [3] xxx. 502), which represents it as formic add 
wherein methyl is substituted for liydrogeu, is the sul>stitutive equivalent of Berzcliiis’g 
additive formula. All relations of composition and function can therefore be expressed 
almost equally well in cither system. ^ Nevertheless, there are some reasons for giving 
th^ preference in general to substitutive forniiil®. One of the most important is, Hint 
by using the latter kind of formulae, we can represent entire series (of homologous 
bodies, for example) by expressions of the same form, which is not ^ways possible 
with additive formulae. Thus, if we represent succinic acid as dorived from two mole- 
cules of water by the substitution of the radicle for HV ^ can 

express all the homologous acids by simihir formuhe ; for instance, malouic acid =* 
^ 0 *, oxalic acid aa but if we write succinic acid thus — 

or, as two molecules of water to wliich the copula C^H^O* is added, it 

becomes impossible to represent oxalic acid by a comparable formula. Another some- 
what similar objection to the use of additive formulae is, tliat they are not applicable to 
inorganic and organic bodies alike. Thus, although we can easily express the relations 
between methylic and ethylic alcohols, or between ethylic alcohol, chloride of ctlivl, 
and etbylamine by means of such formula?, we cannot indicate the relation wliicli 
exists between the alcohols and such bodies as hydrate of potassium ; formula?, how- 
ever, which represent all these compounds as derived from water by the substitution of 
various radicles for one atom of hydrogen, render their mutual relations at once ap- 
parent. 

A system of formulae, partly additive and partly substitutive, is employed hy Pro- 
fessor Kolbe. One or two spoeimens of his formula? have already been given in this 
article. The chief points of dilference between them and the formulae employed in 
this work are that oxygen-compounds are employed, instead of hydrogen -comp oun«ls, 
as the types or standards of comparison, and that compounds containing only carbon, 
hydrogen, and oxygen are referred to the type C^O* (equivalent to CII^)insteaaoftothe 
type nWO. This mode of formulating organic compounds is an extension of the views 
advanced by Frankland (Ann. Ch. Pharm. Ixxxv. 364) regarding the constitution of 
the so-callcd organo-metallic bodies, and was in fact first suggested by the last-named 
chemist (see Proc. Boy. Inst. ii. 640, May 28, 1868). The manner of representing 
some of the most important classes of com^iounds, on this system, will be understood 
from the following examples ; — 

T^pe 


0 
0 
0 

Formic acid 




c* 


(C^H* 

0 
0 
0 

Acetic acid] 


(anhjdrou(i).(8nhydrout).| 


II. 


C* 


B 
C^IP 
0 
0 

Aldehyde. 


(n 


0 
O 

Acetone. 




(fi 
H 
H 
0 

Methylic 

ether. 


III. 




K 

H 

C^H* 

kthyllc 

ether. 


IV. 


c* 


(H 
H 
H 
H 

Hydride of 
methyl. 




n 

n 

H 

C^JP 

Methyl 


The acids of the acetic series are represented as formed from .carbonic anhydride ^ 
the substitution of hydrogen or an alcohol-radicle for one equivalent of oxygen; tn» 

* A itmilar formula for acetic arid had been previously suggested by Matteucci (Ann. Ch. Fhy**^^^ 
1S< 1833.) 
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ildehydea are reprwent«i as fomed by the roplacoment of one equivalent of oxygen by 
hvdroge® and one by an alcohol-rodicle, the ketones by the rejdacement of two 
^aivalents of oxygen by alcohol-radicles. Ihe replacement of three equivalents of 
Svgen by bydropn or by alcohol-radicles gives the simple ethers, and the similar 
replacement of aU the oxygen gives the alcohol-radicles as they exist in the free state, 
or their hydrides. ^ * 

There are some relations of these substances which can be brought out more 
distinctly by comparing them to a carbon-compound as typo than by referring them to 
the types H"0 and H®, as is done in the formulee commonly used in this work ; but the 
use of an oxygen-compound, such as carbonic anhydride, for tliis piu-poso, involves the 
occiirrcnco of fractions of an atoni of oxygon in the formula} of all substances repre- 
s,‘ntocl as ^ormed by the substitution of an odd nnmbor of ‘atoms of hydrogen, or of any 
inoiKitoniic radicle, for its equivalent of oxygen. This will be seen by referring to the 
funiiulce of the acids homologous witli acetic acid, aud to those of tlie simple ethers as 
oivcii above. 

All the advantages of formul® of this kind, without the inconsistency of being 
obliged to introduce half-atoms, may be secured by representing the compounds in 
question as derivatives of tho typo CH^ A few examples will bo sufficient to show 
how tliis may be carried out. 

TypeClW 

I. 


/01 


fHO 




(11*0 


f H 

il 

II 

C 

1 

H 

c 

II 

c . 

H 

c 

It r 

1 It ^ 

iH 

1 

In 


Ih 


H 


lire 


Chloridi? of 
iiU'thyL 


Methylic alcohol. Methylamine. Free methyl. 

II. 


llytlndo of 
ethyl. 



Cl 


[HO 



rn»c 


c 

1 

II 

It 

c ■ 

1 

II 

H 


c ■ 

It 

c 

1 

llPC 

1 

Ih=*c 

UPC 


IWG 



Chloriilii of 
ethyl. 


Ethylic alcohol. Ethylamine. MethyUethyl. 

m. 


'OH=*C 
II 

H - 

. ir 

Mclliylic cihci 


roH»c 

II 
H 

Mcthyl-cth die 
ether. 


fCl 

fHO 

flPN 


ripc 



fOIPC 

C \ 0" 

C Jo" 

C \ O" 

c 

0" 

c 

0" 

C \ 0" 

lit 

iH 

i H 


n 


cn» 

i H 

* Moriclo of f(ir- 

Formic acid. 

E'ormamide. 

MetliTlidc of for- 

Hydride of urctyl. 

Formato of 

mjl (unknown). 



mal (unknown). 

Aldehyde. 

methyl. 


IV. 




fHO 

flPN 

fn*c 

C ] 0" 

c 

O'' 

C \ 0" 

C \ 0" 

(IPC 


H*C 

Ih»c 

(iPC 

Chloride of 

Acetic ncld. 

Acetamide. 

Acetone. 


on^o 


fon 
c o 

H* 


acetyl. 


Mn- <=!? 


r FO 

Cy'aulc acid. 


V. 


c SH:n 

Cyananilde. 


c 


Cyiuiide of 
methyl. 


, H*C 

Are* ate of 
methyl. 

o Jon*c 

o j JJ-. 

Cy«natc of 
methyL 


jlydrocyanlc Chloride of 
acid. cyanogen. 

Tlieso formula express very clearly the relations of composition of the bodies 
represented by them ; and if we possessed any reagent whereby we could replace carbon 
ly other elements, in the same way that chloride and sulphide of jihosphorus miable 
to replace oxygen by chlorine and sulphur respectively, the transfoniiations effected 
ly it would be best represented by formuhe of this kind : just in the same sense that 

llifi formulso C»H»O.Cl « chloride of acetyl, best correspond 

the reactions produced by pentachloride of phosphorus. Comparatively few trau^ 
formations, however, are as yet known which are better j 

from the type CH*, than by those derived from tho types HCl, II 0, and H N, thou^, 
intrinsically, one set of rormulm is just as admissible, and just as logical, as the 
other. 

With regard to the rational formul® of polyatomic compounds, another question has 
5^n, which is one of form rather than of the meaning to bo express^. In many 
diatoinic and polyatomic compounds, a certain dissymmetry of proi)erties, if we may use 
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the expression, Aay bo observed ; that is, the same reaction can be pw^dnced twi 
oftener with oneiinolecnle of the substance, but it does not ttike place with oxactirtr 
same facility each time. Thus, glycoUie and hictic acids contain two atoms of h 
drogen capable of being replaced by alcohol-radicles ; but the replacement of only 
atom can bo effected by the ordinary processes of etherification, the second atom 
only be replaced by indirect means. In order to express this peculiarity in the fonnur 
of Inese and similar substances, several chemists have adopted the expedient of wriiin^ 
one of the replaceable atoms as though it were combined with the remaining element 
differently fixim the rest The following examples will explain what is meant : ^ 


(C*H>0)' 

H 


Glycollic acid. 


Glycoclne. Glycolainic acid. 


N 


(C"H^Or|Q 


“ Bromide of bromethvU 
triethyl-phoBpbonlinn." 


H 

H 


H 


HJ 


0 


f(cr^H<nr)'. 
^ 1 c-n» I 

\ C-H“ 


Bp 


/ 


(Wlslicenua and Heinti.) 


(Hufmann.) 


So long as such formulae are understood to be descriptive merely, they are perfcotly 
admissible, and may often be employed with advantage, as indicating, more exactly than 

the ordinary polyatomic formulae — such as ^ * gly collie acid,^^ ^pj o 

ar glycocine or glycolamic acid — the properties of tlie substances to which they are 
assigned ; but, if they are taken as actual expressions of the peculiarities of constitution 
on which these properties depend, they come to bo of questionable service. For tlie 
unequal facility with which the two replaceable atoms of hydregeii in glycollic acid, for 
instance, can be replaced, is no proof that they are not combined in the same way. It 
may very well be that these two atoms, or even all four atoms of liydrogen, arc per- 
fectly equivalent to each other, so long as the original compound remains intact; liit 
that, as soon as one atom is replaced by another element or radicle, the oquilibrium 
of the whole group is modified in such a way that the similar replacement of another 
atom cannot be effected with the same ease. 

On the other hand, however, there are facts which point to a real difference 1)e- 
tween one of the four units of combining capacity of an atom of carbon and the oIIkt 
three. Thus, for instance, the chloride of methyl formed by the action of chlorine on 
marsh-gas differs in some of its properties from that produced by the action of hydro- 
.^^hloric acid on methylic alcohol, or by the decomposition of trichloride of cacodyl; a 
fact which it is difficult to explain, except by supposing it to depend on the different 
position of the chlorine atom in the two compounds. Some very interesting and 
important consequences of this suppo.sition have been developed by Bn tl crow 
(Zeitechr. Chem. Pharm. iv. 649); and by Erlenmoyor {ibid. v. 18). Should it, oii 
further investigation, appear to be well founded, some expression of the facts u[x>n 
which it is based will, of course, have to be given in our rational formula* ; and, in 
formulae derived from the type CIP, this may easily ho done. (See the formuhe of 
methyl and hydride of ethyl, methylido of formyl and hydride of acetyl on p. 703.) 

In conclusion, wo must mention, for the sake of their historical interest, the Sf/nopti- 
cal formulcB of Qerhardt and Chancel, although this mode of notation is probably no 
longer employed by any chemist. These formulae may bo considered as abbreviated 
modes of writing the equations of formation of the bodies which they represent. Thus, 
for instance, sulphobenzidic acid, formed by the union of one moleciffe of sulphuric acid 
and one molecule of benzene, with elimination of a molecule of water, may be repre- 
sented by the synoptical formula SO*~* ^ ^ , equivalent to the equation of for- 
mation SO’C^n* » SO^H* -i- - OH» ; similarly sulphobenzide may be repre- 
sented by the synoptical formula SO*-* , equivalent to the expression 

80*IP 2C*II* — 20H*. The following are additional examples, extracted fmm 
Gerhardt and Chancers paper (Comptes rendus des travaux chimiques, vii. 6o , 

March, 1861), together with the more detailed expressions to which they are equiva- 
lent: 


Names of subitancet. 
Garbamio acid • 

Urea (carbamide) • 

Garbauilic add • 


Synoptical formulae. Equivalent expressions. 

CO'JE* + - OH' 

CO*H« + affN -20B’ 
CO*-' |H.C*H'-’N CO'S!* + eXHTT ^ Oil* 



(ybanUide . 

Cgrljovinic acid . . 

Caibonate of ethyl 
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. co.H‘ 4.20‘H»N - 2 oa» 

CO* cQjg, ^ 

CO*-»|H-^I ’0 co>H* + 2C*n*0 -20H» 


Urotliane (carbamate of ethyl) 
Acetic acid • • • • 

Acetone . . • • 


CO’ *|h;?2n C 0 ’H* + C’n ‘0 + H’N-20H* 

co«-i|Hcn*-* co’ii’ + cn« -oh* 


It will bo obaerved that the formulje here ^von for acetic acid und acetone do not 
correspond to any process then known by which these bodies could be fDnued ; but, if 
taken in an analyticul, instead of in a synthetical sense, they indicate tlio inanuor in 
which these substances are decomposed when distilled with alkaline hydrates. The 
formula? of urea, carbanilic acid, and carbanilide, must likewise bo takeu in an analy- 
tical sense merely. 

Each synoptical formula can obviously express only one mode of formation or de- 
composition of a substiinco, and hence cannot ho regarded as a general ezpn ssion of 
its reactions ; thus, considering the formation of bonzamido from benzoate of ammonia 
by loss of water, and its decomposition into benzoic acid and ammonia, we may 
represent it by the synoptical formula 

= c»H«o* + h»n - on’, 

or 

= CO*H* + C*H“ + H»N - 20H', 

I ut neither of these expressions would indicate its formation by the action of chloride 
of benzoyl on ammonia. It is probably this want of generality which has prevented 
formul® of tliis kind from coming into general use. — O. C. F. 

FORMTltf. CHO.~The radicle of formic acid and its derivatives, being the first 
term in the scries of acid radiclc.s C“JP"“*0. The same term was formcrlyr applied to 
the radicle CH : hence the names chloroform^ fvrmonitt'ilc, &c. ; but it is better to 
denote this hydrocarbon-radicle by the term xylyL 

rORMTXiXA, FORMTXiAMXll'B. Names applied to the first base obtained 
by the action of ammonia on bromide of ethylene, and originally supposed to have the 
composition CU.ir-.N. (See Etuylenk-bases, ii. 687.) 

rORMTXiXll'B. The name given by Rochledo r (Ann. Ch. Pharm. Ixix. 120) 
to a base which he obtained by the decomposition of caffeine, and supposed to have 
the composition CH^N. Wurtz, however, showed (Compt. rend. xxx. 9), that it is 
nothiug but methylamine. 

FORMTXi-BXPBBB'ni-BXAIIXXirB. See Fuenylamines. 

FOBSTBRXTB. A white or colourless translucent chrysolite occurring in small 
crystals on Vesuvius. 

Z'OSRBSIB’XC ACZS. The name given byBastick (Pharm. J. Tmns, viii. 
339) to the acid resin produced by the action of nitric acid on copalin or Highgate 
resin (ii. 21). 

VOtTRiTETXTB. A variety of tetrahedrite from Beaujeu (Rhone) and Val 
Godemar (Hautes Alpes), consisting, according to Mfene (Compt. rend. h. 463; IiL 
311), of 3Cu’S.2Sb’S>, together with PbS and Fo’As* (in the mineral from Beaujeu) 
or Fe^As* (in that from Val (Jodemar). 

FOWLBRXTB. Crystallised rhodonite from Franklin, New Jersey. (Sea 
Rhodonite. ), 

FOTAXTB. A rock resembling syenite, which forms the mountains Fya and 
FicoU in the Monchique range (Algarvia in Portugal), and consists mainly of ortho- 
elase associated with elseolite andhornblende, and as accessory constituents, titamte, 
Hexagonal pinchbeck-brown mica, magnetic iron-ore and 

coarse to fine grained, also porphyritic, • (Blum, Jahrb. Min. 1861, p. 42 .) 

^'ftACTURB OF KXBBRAI^ The uneven or irregular surfiice produced by 
. Kaking amoiphouB mineralB is distinguished, as : 

Voi. IL . Z Z 



1, Oonchdidali ^hen the mineral breaks with curv4^^ Wfacos like those of a shell* 

this kind of fractnre is seen in flint. * 

2. Uneven^ when the surface of fracture is rough, with numerous small elexatioM 

and d^ressions. ^ 

8. ^intery, when the broken surface exhibits protruding points. 

4. Hocldy^ when the elevations are sharp and jagged as in broken iron. 

The fracture is, for the most part, of constant character in the same mineral species • 
but the same kind of fracture, especially the uneven and the splintery, is common to so 
manj minerals, as to render these characters of comparatively little value in dete r- 
mining species. 

VRAOAJRXA. Btrawherry , — Buignet (J. Pharm. [3] xxxvi. 81, 170) has 
examined several varieties of strawberry, and finds that the free acid contained in thoin 
is malic acid, and that the sugar consists of cane sugar, dextroghicose and l^voghicose 
in varying proportions. The cane-sugar, which is contained in cells distinct- from 
those which contain the malic acid, appears to be the sugar first fomed in tlic fruit, 
and to be more or less converted into the other kinds of sugar during the osmotic 
mixture of the several liquids contained in the cells. 

ntAZDROlsrZTE. A rock occurring near TiOz&ro in tlie western r.'inpfi of tlin 
Cevennes, where it often traverses the granite and slates. It usually ajjpears to cor,, 
sist of a dark green felspathic basis, mixed with a large quantity of bronze-like mieiv 
The most ordinary variety contains in 100 parts : 

Felflimr f- ' ■■ ■' ■ — * \ 

and Mica. SIO-* AMO* Mi;0 FoO H*0 I'cCO" CcCO^ 

60*0 16 0 6*0 3*4 40 1-5 17*6 3n 

The constituents bracketed together seem to consist of a mineral rcsemhlin^r chlorite 
which serves to cement together the felspar and mica ; calespar and spatliie iron wre 
also present, but do not appear to be essential constituents of the fonnation. (ban, 
Ann. Min. [6] vi. 412.) 

nLa.iarCO]^ZTZI. A fluorapat.ite occurring in spherical aggregations at Wlit al 
Francis, near Tavistock in Devonshire (L 340). 

nuuvozruir. CTIW (A. Casselmann, Ann. Cli. Pharm. civ. 77; Jahivsl*. 
f, Chem. 1867, p. 622). — A yellow crvslallisahlc colouring matter, contained in tlic 
bark of the berry-bearing alder {Hhaniniia Franynia), It As accoinpanieJ hy an 
amorphous resinous yellow substance, and occurs most abundantly in the bark of tin' 
older branches, that of the younger branches containing a larger proportion of tin* 
resinous constituent. The yellow substance, calh'd Rkamnoxanthin, obtained by 
Buchner (Jahresber. 1863, p. 636) from the root bark of the same shrub was, accord- 
ing to Casselmann, impure frangulin. 

Preparation . — 1. The comminuted bark is repeatedly exhausted with ammoniacid 
water at the boiling heat ; the dark red extracts are mixed with hydrochloric acid ; and 
the slowly-depositing, brown-black precipitates thereby produced are washed, and 
treated at the boiling heat with alcohol of 80 per cent., with addition of niaitral aeehire 
of lead, nearly the whole then dissolving and forming a brownish-yellow solution. 
This solution is further treated with neutral acetate of lead to precipitate tnnnin, 
&c. ; the hot filtered liquid is mixed with water till it becomes strongly turbid, tlnn 
heated till the turbidity disappears ; the liquid is left to itself for a week ; and the 
frangtilin which separates is purified b^ repeated crystalli.sation from boiling alcohol. 
•—2. The alcoholic solution, after being filtered from the precipitate produced by 
neutral acetate of lead, is shaken up with hydrate or with basic acetate of lead, the 
precipitate, which contiiins all the frangulin, is suspended in veiy dilute alcohol and 
decomposed by sulphydric acid ; the sulphide of lead is exhausted by boiling alcohol, 
which leaves the greater p.irt of the resinous matter undissolved; the solution is 
diluted with water ; and the frangulin which separates is repeatedly crystallised from 
alcohol. . , 

Pure franjralin forms lemon-yellow ciystallino masses (composed of microscopic 
square plates), having a dull, silky lustre, tasteless and inodorous. It melts at about 
249° C., and at the same temperature begins to sublime with partial decomposition 
in golden-yellow microscopic needles. It is insoluble in water, soluble in 160 pts. « 
warm alcohol of 80 per cent., nearly insoluble in cold alcohol, sparingly 
boiling ethey, soluble in hot fixed oils, benzene, and oil of turpentine. When dried a 
100° C., it has the composition indicated by the formula above given.* ^ . . 

Frangulin does not appear to form definite compounds with basea. It dissolres wi 
mirple-red colour in ttlkalia, and is precipitated vellpw by acida. It is not precipitati 
hj metallic salts. With strong stUphurtc acid, it forms at ordinatT 
dkrk-red solution, which becomes brown when heated, and from which it is precip* 
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^ by ais^lves it at tlic boiling heat without decompori- 

tion. W»8 ““d d|Molv™ It, with evolution of nitrous vapoun, foiS 

oxalic add, and rf the action baa not been too nolent, or the temperature too high, 
another .^d<»M mtrofrangulic to which Casselmann idgna IhoformuU 

Qnff'h'O^ or 0“II"N'*0”, representing its formation by the equation ; 

8Cni*0* + 'aSNO* - , C“H“N'«0« + 4C*H»0« + 9H»0 + 18 NO 

franguUn. Nitrofrangulic Oxalic 

acid. acid. 

Hesse (Ann. Ch. Phaim. cx\ni. 349) suggeste for tliie acid the formula C**n‘*H»0**. 

'^iiTofranqulic acid crystallises from its aqueous solution in small \’ellow 
newllcs ; from its alcoholic solution in long, silky, orange-red needles grouped in stars. 
It is inodorous, has a bitterly astringent taste; detonates when heated; di8.solves 
sparingly in cold, more abundantly and with dark crimson colour in boiling water, 
easily in alcohol and in ether. It is scarcely attacked by strong acids at ordinary tem- 
peratures. Alkalis dissolve it with violet-red colour. SiUphydric acid passed con- 
tinuously into the aqueous solution, colours it violet -blue and forms a precipitate of 
sulphur; the solution then gives a violet-blue precipitate with hydrochloric acid. 

The solution of the acid forms with the salts of the uirih-mkaU and heacy metaU 
precipitates which are generally of a flery-nHl colour. 

The silver-sali, C**II'^AgN^O^^ crystallises in ciiiiiabar-red neoflles. The copper* 
salt, is obtained as a violet-blue precipitate, becoming violet-red when 

dry. Both detonate with great violence wlien heated. 

FSjairXZirCSM'SB. An oleo-resin which exudes s]x>ntaneouHly from the spruce 
fir {Ahics ej:ccha). According to Caillot (J. Phann. xvi. 4:i6), it contains 32-00 per 
cent, volatile oil, 7*40 rosin insoluble in alcohol, 7*40 abietin, 11*47 abiotic acid, and 
5-57 succinic acid and extractive matter. When melted in water and strained through 
a cloth, it forms Burgundy pitch, {Pereira" s Materia Mcdica, 4th ed. ii. 366.) 

The substance used as incense in religious ceremonies is Oluianum {q, v,) 

FRAirXUXfZTXS. A mineral consisting mainly of the scsquioxidcs of iron and 
niungaiicse combined with the protoxides of zinc and iron. It occurs crystallised in 
faina of the regular system, chiefly the octahedron and dodecahedron, also the cube, 
icosi-tetrahedron 202 {fig. 180), and triaki.s-oclaliedron, 20 {fig. 183), and in combi- 
nations like figs. 1 94, 195, 196, 199, 200, 202, and of hens. Cleavag(5 octahedral, indistinct 
It likewise occurs massive, coarse or fine-granular to compact. Hardness « 6*6 to 
6 5. Sf>ocific gravity = 6*07 to 5*09. Lu.stre metallic, dolour iron-black. Streak 
(liirk reddish-brown. Opaque, Fracture conchoiVlal. Hrittle. Acts slightly on the 
magnet. Infu.sible before the blow-pipe ; when strongly heated on charcoal, it yield® 
oxide of zinc; gives the manganese reaction with borax. 

From the moan of five analyses by Rumm ol nh er ^ {Mineralchonic, p. 169), it is 
found to contain 25*30 ZnO, 64*51 Fo*0», and 13*51 MnW (103*32) or 45*16 iron. 
9*38 manganese, 20*30 zinc, and 25*16 oxygon ( -- 100), whonco Rammolsberg dwlucos 

tho formula | ' | ■which is of the gcncrjil form aM'O.WO* or 1 0*. 

Franklinite was formerly regardod as belonging to the spinel group M"O.R*0*, 
with which, indeed, it agrees in crystalline form ; but this formula apixiars to have been 
dcduoal from incorrect analyses. 

Franklinite occurs abundantly at Hamburg, New Jersey, near the Franklin furnaces, 
topqher with red oxide of iron and garnet, in granular limestone; also at Stirling 
Hill ill the same locality, where it is associated with willemitc. The attempts to 
work it for zinc have proved unsuccessful; but it is ground up to a dark painty and 
^ed also as an oro of iron. The zinc is said to give increased tenacity to the iron. 
Iraiiklinite is also said to occur in amorphous masses at Altenberg. near Aix-la- 
Chapelle. (Dana, ii. lOG.) 

FRAUTZaTw (Salm-Horstmar,Pogg. Ann. evij. 327.~Hochleder, 

tltid. 331.) — ^A. compound formed, together with glucose, by digesting fraxiii with dilute 
fiulphuric acid. (See Fbaxin.) . , , , i 

H separates from the acid liquid in colourless needle-shaped crystals, or denontic 
gmups, and when recrystallised from alcohol, forms rectangular rhombic or s^-sided 
tablets. It is inodorous, but lias a slightly astringent buste. It dissolves m 1000 pts. 

cold, and 300 pts. of boiling water, the hot concentrated soluion having an acid re- 
action; somewhat more easily in alcohol, and to a slight extent in warm ether. It 
jnelts at the melting point of tin, without turning brown, and solidities in the crystal- 
tme form on cooling. 

Fi^etin dissolves in strong sulphuric acid, forming a bright yellow solution, from 
»^ch. after dilution with water, it separates in the crystalline form on careful ^di- 
of ammonia. Hydrochloric acid likewise dissolves it without decomposition. 
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When thrown into nitric acid^ it colours the liquid: successively dark violet, garnet* 
ted, rose-red and yellow ; but the solution ultimately becomes colourless. The ^ueoui 
solution of fraxetin is coloured yellow by ammonia and .aXkalvim oarhonata^^^i^ 
haryta^ strontia, and lime in the solid state, the baryta and strontia becoming covered 
with a red and afterwards with a blackish green deposit, and the lime first with an 
orange-coloured, and then with a brownish deposit. The carhonaUs of the earth* 
metiQs colour the solution of frax(»tin yellow, and give rise to the formation of a pre- 
cipitate insoluble in pure water, and exhibiting a green fluorescence. The acitaUa of 
barium and strontium colour the solution yellow, and on evaporating it, a green suV 
stance remains with the crystiils. ^Htratfi of silver added to the solution forms a hl;u*k 
cloud; ferric chloride colours the liquid greenish -blue of lead immersed in 

it, acquires a lemon-yellow colour, r raxetin dissolves in acid^ sulphite of ammovhnn^ 
forming a solution which is merely coloured yellow by ammonia, being thereby distin- 
guished from aE?flCuletin, the yellowish solution of which in acid sulphite of ammonium 
assumes a darker colour on addition of ammonia, and when subsequently shaken up 
with air, becomes blood-red, and finally dark indigo-bliie. (E o ch 1 e d o r, Gm. xvi. 24.) 

FRAUar. PavUn. — fluorescent substance existing in the bark of the common 
ash-tree {Fraxinus excelsior), and probably in that of otlier species of Fraxivus ; also, 
together with aesculin, in the bark of the horsc-ehestniit (jEschIus Hippocastanum) ; and 
apparently of all species of the genera Msciilus and Pavia. L. G m el in, in 184(1 
(Ann. Ch. Pharm. xxxvii. 362), first observed that a decoction of the bark of the 
manna ash {Fraxinus ornus, L.), exhibits a peculiar blue colour by reflected light, and 
nttributed this appearance to a peculiar iridescent substance (Si'hiMersiojf) existing in 
the bark. S alm-Horstmar in 1856 (Pogg. Ann. xcvii. 637) observed a similar ap- 
peai-auce (fluorescence) in the infusion of the bark of Fraxinus excelsior, and in 18-57 
^Pogg. Ann, c. 607),* he obtained the sul>stance on which this effect dr-pends, in tin? 
separate state, examined many of its properties, and gave it the name of fraxin. Tins 
substance was further examined and analysed by Eochleder (Pogg. Ann. ovii. 831). 
•Stokes in 1868 (Chem. Soc. Qu. J. xi. 17) obtained from horse-chestuiit bark, previously 
known to contain a substance exhibiting a sky-blue fluoro.scence, viz. ajsculin (i. (iO), 
another fluorescent substance exhibiting a bluish-green tint, to which he gave the 
name paviin, from the genua Pavia, in all species of which it appears to exist in 
greater abundance than in the genus Msctilus. Subsequently, in 1859 (Chem. 8oc. Qu, 
J. xii. 126), Stokes suggested tliat this body, paviin, was identical with fraxin, and 
the correctness of this idea hm be('n demonstrated by the experiments of Eochleder, 
who has also obtained fraxin from horse-chestnut bark. 

Preparation. — a. From the bark of Fraxinus excelsior. The decoction of the hark 
stripped at the flowering time is precipitated by neutral acetate, and the filtrato by 
basic acetate of lead ; the latter precipitate is diffu.sed in water and dcconq)osed by 
sulphydric acid; and the liquid is cvaj)orated to the crystallising point. (Salm- 

llorstmar.) . * i i. 

b. From Ilorsc-ch sinui hark . — 1. The aqueous decoction of the bark is mixed when 
cold with such a quantity of a ferric salt, that on adding ammonia to a sample of the 
liquid, the precipitate immediately separates in flocks, and the supernatant liquid ex- 
Idbits a yellow colour and strong fluorescence; the whole is then precipitated hy 
ammonia; about one-fourth of the filtrate precipitated hy acetate of lead, avoiding an 
excess; the precipitate immediately rcdissolved by addition of acetic or of dilute intric 
acid ; this solution added to the rornaining threc-fourtlis of the above-mentioned fil- 
trate after the latter lias been acidiilaled ; the mixture precipitated by umnioiiia {A\ 
the filtrato with basic acetate of lead (E) ; the two precipitates separately dissolved in 
acetic acid; and the filtered solutions left to crystallise. . . 

The solution of A yields fraxin (paviin), and that of B, msculin (Stokes). 
or paviin may also bo separated fromicsculin by its greater solubility in ether, (i. 69.) 

2, Horse-chestnut bark is exhausted with alcohol of 35° Bm. ; the filtered decoction 
is precipitated by an alcoholic solution of neutral acetate of lead ; the precipitate (con- 
taining fraxin and the tannic acid of the bark) is washed with alcohol, suspended in 
water, and decomposed by sulphydric acid ; the fluorescent wate^ liquid is evaporotea 
in vacuo over oil of vitriol ; the pulverised residue is treat-ed with a small quantity oT 
water at 0° C. ; the tannic acid solution is rapidly separated from the crystals oi 
fraxin ; and the crystals are purified by recrystallisation. (Eochleder.) 

Properties. — Fraxin crystallises in tufts of yellowish-white needles (S aim -Borer • 
mur); in colourless crystals resembling those of sulphate of zinc (Eochleder). * 

• Kcllor, in 18M (Hepert. Pharm. xliv. 438), i»y precipitatinR tin* aqunous d^octlon of Mh-barlivllh 
bH«1c Acotate of lead, and evaporating the filtrate, obtained bitter prisms, regarded by him « a w 
•tesiKnated by Buchner as fraxinine. Rochleder and Schwar* fAnn. Ch. Pharm. jxxxvi- ' 
bjr tnc ssme process, obtained a bitter brownish -yellow extract contHl*iir»gneedle-lhapedc^waiSf .^.j 
irhen puriflea, prov^ to bo nothing but maunhe,a result corroborated by Stenhouse 
♦IJ. 601). 
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Ib iiM>doron8» biit has a slightly bitter and afterwunls a«ti*ingt»nt taste. It dissolves 
sparingly in cold, easily m hot water, sparingly in cold, niodcratoly in hot alookol-, and 
is separated from the alcoholic solution by animal charcoal ; insoluble in ithr (Salm- 
Horstmar), more soluble in ether than aesculin (Stokes)^ 'I ho concentrated 
aqueous solution is yellow and has an acid reaction ; when largely diluted it exhibits 
by daylight a Strong blue fluorescence (blue-green according to «toke«, who moreover 
tlndti that the optical properties of fraxin from asli.l)ark, and of paviin li-om horse- 
choytnut bark, are absolutely identical). The fluoresconce is increased by the presence 
of a trace of alkali, but disappears on addition of acids. The alcoholic solution is like- 
wise fluorescent (Salm-Horstmar). 

The aqueous solution is coloured sulphur-yellow by alkalis, the cry stals also turning 
yellow in air containing ammonia ; it is coloured green by f(Tric eldoride, and then 
yields a lemon-yellow precipitate ; it likewise forms a yellow precipitate with acetate 
of lead. (Salm-Horstmar.) 

Fraxin (from ash-bark) melts at a gentle heat (Salm-TTorstmar), at 320° C. 
fonning a red liquid (Ro c hied er) and solidifies to an amorphous mass, which, ac- 
cording to Rochlcder, dissolves in water with orange-rod colour. At a higher tem’ptn*- 
ature, it decomposes, yielding a crystalline .sublimate, soluble in water, and forming a 
solution which becomes yellow and fluorescent on addition of ammonia. 

Fraxin digested with dilute sulphuric acid is resolved into glucose and fraxelin. 
The equation which represents this decomposition, varievs of courst*, according to the 
fonniila assigned to fraxin, which cannot be considered as definitively settled. Tioeh- 
leiler, from liis first analyses of fraxin (from asb-bark) dried between 100^ and 120<^, 
assigned to it the formula or and r(q)resented its decomposition 

under the influence of acids by the equation : 

-t n^o === + 2C«ii‘ o*. 

Fraxin. Fraxetin. Glucost*. 


Wurtz, however (Bop. Chim. pure, i. 473), concluded from Kochledors own 
analyses, that its formula was most probably or according to 

which its decomposition would bo represouted by the equation: 

+ ir^O C'»Tl«20» + 


More recently, Bochledor (Pogg. Ann. evii. 331) from the quantity of glucose 
yielded by the decomposition of fraxin (from horse-chestnut bark) concludes that ita 
formula is its decomposition taking place as shown by the equation: 

C27H3ooir + 3II20 -i- 2CTI''‘’0«. 


FUAXIPfrerE. See foot-note, p. 708. 

FRASLZlVZTfi. A name applied by Mouchon (Vierteljahrs. per Pharm. iii. 433) 
to the dried extract of ash-lcaves, previously precipitated by basic actdale of lead 
and freed from excess of lead by sulphydric acid. It is not a definite substance. 

FRAXZM'U'S. The dried leaves of the common ash {Fr(urinvs rarchior) contain, 
according to Sprengel (J. f. dkonom. Cheni. vii 2(59) 39*3 per cent, of substances 
soluble in water (tannin, &c.), 42’3 per cent, matter soluble in dilute potash, also 
wax, rosin, woody-fibre, &c. and 6*22 per cent. ash. According to Garot (J. Pharm. 
[3] xxiv. 308) the leaves contein a large quantity ’of malate of calcium. 

The soft white wood of the same tree, of specific gravity 07 to 0*9, yields 2*3 |>er 
coat, ash (Mol le rat), 0*66 (Sprengel). 

The following is the composition of the ash of the wood and loaves, according to 
Sprenged's analysis. 


I.C.1VCS 

K«0 

Na*0 

CaO 

M?0 

A1*0’ Fo*0* 

S03 

pvO» 

.sio» 

Cl 

. 22*2 

2*6 

60*3 

6-3 

0*02 

.5-1 

6-6 

2-3 

3*9=5 99*5 

Wood 

. 220 

34 a 

S3*l 

5-8 

3*3 1« 

.3 1 

1-.^ 

3 3 

2*0=1000 


The existence of a fluorescent substance, fraxi n, in ash bark has been noticed in a 
preceding article. The aqueous decoction of the hark exhibits the blue or blue-green 
fluorescence due to fraxin ; the alcoholic extract exhibits a blood-red fluorescence from 
admixture of chlorophyll with the fraxin, (Salm-Horstmar.) 

The seed of the ash tree, formerly used officinal ly, as Snnf“n llngv^ avts, yields to 
^‘ther 16 per cent, of an oil having the odour of bugs. (Keller, Buchu. Repert. 
xHv. 439.) 

The bark of the manna ash (Fraarinus ormzs, L. ; Ornus ruropavs, Pers.) conUina 
Wanna, which exudes from it. partly spontaneously, but more freely from incisions. 
The same bark contains a fluoi*escent substance (L. Gmelin, p. 708), probably fraxin, 

* Thig r»b(tf>rv Alton Aprlics to frnxtn from a#h-bark, .is well •'»« to paviin fp^m hor$e-che*tnut bark, 
vt-nrm. Soc. Qu. J, xli. 17.) 
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snd according to Dufour (Compt. rend li. 31), eaail/ yields a fluorescent aqneoui 
inflision. . 

VJUSISSSOITJB. Aq argentiferous variety of tetrahedrite. (I>an a, ii. 512 ) 
raaXSMBSirZTB. AntinumiaX Sulphunt of Silver, Schilfglaserz.^A miue- 
ral occurring in monoclinic prisms longitudinally striated and cleaving parallel to ooV. 
Hardness « 2 — 2'd. Specific gravity 6*4 — 6194 (Ha us maun). Lustre metallic. 
Colour and streak light steol-grey, inclining to silver- white ; also blackish lead-grey. 
Yields easily to the £aifo and is rather brittle. Fracture conchoidal to uneven. B(,. 
fore the blowpipe on charcoal, it emits copious white vapours and a slight sulplmrous 
odour, deposits oxide of antimony and oxide of lead round the assay, and finally leaves 
a wiiite metallic globule. 

Analyses. — 1. From the Himmelsfiirst mine near Freiberg. Specific gnivitv 6 194 
(Wohler, Pogg. Ann. xlvi. 146). — 2. From Hieudclcnciiia in Spain. Specific "gravity 
0*6 — 6*7 (Escosura, Ann. Min. [6J viii. 496).— 3. From Praibram, Bohemia (Payr 
Jahresbcr. f. Chem. 1860, p. 746). 


1. 

S 

18-74 

Sh 

27*38 

Pb 

30*27 

Ak 

22*93 

Cu 

1*22 

Fe 

0*11 

* 100*65 

2. 

17-60 

26*83 

31*90 

22*46 

, , 

. 

= 98*78 

3. 

18*41 

27*11 

30*77 

23*08 

. 

0*68 

« 100*05 


Prom the second analysis, Kammelsberg(il/mcr«/ft7^<^m?>,p.82) deduces the formula 
9M‘‘S.4Sb*S* which may ho supposed to be made up of 3(2M“S.Sb^S®) + 3M^S.Sl)-S“, or 
3M*SVS*.2M®SbS®, the first member of which is analogous to Brogniurdito and 
Jamesonite, the second to red silver oro and Boulangcrite. 

Freislebenite occurs also at Kapnik in Transylvania and at Ratiehorzitz, the ort* of 
this last region containing bismuth, according to Ziiicken. An antinionial sulphide of 
silver is said to occur with native silver and native copper at the copper mines of 
Michigan. (Dana, ii. 79). 

milWCB 8BB&ZSS. See Yellow Bebbies ; also IIha.mnus. 

■■AZSSrOB POZiXSBt A solution of shellac in dcohol, sometimes also containing 
gum elemi and copal. (See Ur^s Dictionary of Arts, &c., ii. 298.) 

PBZXlZiZiABZBi ZXMCPZSXtZBXfZS. Crown Imjyerial. — The bulbs of this plant 
are recommended by Basset (Compt. rend, xxxvii. 408) as a substitute for the jK)t;ito, 
especially as a source of starch, of which they contain a rather larger proportion than 
the potato, as will be seen by the following table. 


Water. Sureh. “ 

Potato . . ■ . 70 . . 20 , . 4 . .6 

Crown Imperial . 68 . . 23 . . 6 . .4 

ntZTT* A tonn applied to the mixture of the materials for glass-making, aftiT it 
has been calcined at a heat not sufficient to melt it. 


PiUrZT* The word fruit, in botanical language, signifies the ovary or secd-veHsid 
arrived at maturity, or in its progress towards maturity after the imprcgiialion of the 
seed. Eveiy fruit consists of two parts, the seed and the pericarp, the latter com- 
prising everything that is external to the seed, and being formed of the integuments 
of the ovary, often greatly thickened and hardened, together with any parts of tlm 
flower, such as bracts, calyxes, &c. that may remain attached to the ovaiy*^ after iinprog- 
natlon. The pericarp, moreover, insists of three parts, the e pi carp, which is the 
external integument or skin, the cndocarp or putamen, which is the inner coat or 
fihell, and the aarcocarp or me socarp, intermediate between the other two, and 
generally having a more or less fleshy consistence ; it is, in fact, the sarcocarp which 
forms the fleshy or pulpy mass of those succulent fruits, such as the apple, pear, peacli, 
plum, grape, &c., to which the term fruit is mostly applied in ordinary language. 

All parts of the flower are modifications of the leaf, the ovajw in particular being 
made up of a leaf or a number of leaves folded or rolled up. Hence it may be ex- 
pected that the fruit in its early stages of development, will have much the same chemi- 
cal composition as the leaves themselves, and will be acted upon in the same manner 
by external agencies. Unripe fruits are, in fact, almost always green, and, like othCT 
green puts of the plant, decompose the carbonic acid of the air, liberating the oxygen 
and assimilating the carbon, and forming within their cells a variety of compound^ 
some soluble in water, such as vegetable acids, ^m, and sugar, others insoluble, such 
as cellulose, pectose, and starch ; at the same time they take up a certain amount of 
inorganic salts. During the whole of this s^e, the fruit increases rapidly in bulk 
weight But as it approaches maturity, it loses its green colour, becoming brown, 
jrellow; or red, and then no longer acts on the air like the leaves, but on the contra^ 
abaorlMB^ oxygen, which unites with a portion of the carbon and hydrogen of the fruit, 
oo&verHng them into carbonic acid and water, which are given offi In this latter 
indeed, the fruit undergoes a slow combustion, several of the proximate princi- 
which it contahiit in the unripe state, chiefly the vegetable aci^ and tannin, being 
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thereby burnt uway, so that the ^t becomes less sour and astringent; at the same 
time, the starch in the ceUs of tbe fruit is traiwformod into sugar, and the insoluble 
pectose into pectin and other solublo substances of allied conii>o8ition, and having more 
or less of a gelatinous character. It is m this state that the fruit is generally eaten ; 
if left for a longer time on the tree, and in many cases by mere exposure to the air 
jjfter removal, it undergoes a further oxidation, by wliich the sugar and the remaining 
acid are likewise destroyed, so that the fruit becomes insipid ; in this state it is said to 
be over-ripe. After a still longer time, the cellulose itself is attacked, so that the 
pericarp is ultimately destroyed and the seed set at liberty. 

^The diminution of acidity in fruits as they ripen, is sometimes attributed to neu- 
tralisation of the free acids by alkalis conveyed to the fruit by the sup ; the sour taste 
is also said to be masked by the sugar and gelatinous substances developed in the course 
of maturation. The latter explanation is doubtless true to a certain extent, but with 
regard to the former, direct experiments by Decaisne and Fr 6 my have shown that the 
proportion of mineral bases does not increase as the fruit ripens, but that^ on the other 
hand, the proportion of acid in the ripe fruit is always loss than in uiiript*, the decrease^ 
as already observed, being due to oxidation. (Pelouzo et Fr6my, 'JVaiii, iv. 361.) 

The following analyses by B6rard {Gmelin*s Handhuch, viii. [1] 154) of fruits in 
the ripe and unripe state — ■ which must be regarded as merely approximate — confirm 
in a general way the view of the ripening process above given, showing that, as the 
fruit ripens, the sugar increases, the gum sometimes increases, sometimes decreases, 
the woody fibre increases to a certain extent absolutely, but diminishes relatively to 
the weight of the entire fruit. With regard to the relative quantity of acid in the 
ripe fruit, B4rard*s analyses show an increase in most cases, which is contrary to the 
results obtained by Fremy; the latter are doubtless the more trustworthy of tho 
two. 

Composition of ripe a nd unripe Fr uit, (B5rard.) 










Summer Peaches. 

Greengngrs. 


Apricots. 



unripe. 

ripe. 

unripe. 

ripe. 

unripe. 

somewhat 

riper. 

ripe. 

Chlortjphyll .. • 

Yellow colouring matter . 

0-27 

0-0 

0-03 

0-08 

0-04 

0-03 

0*10 

Sugar «... 

6-63 

11-61 

1^71 

24 - 81 * 

trace 

6-64 

16-48 

flum .... 

4*22 

4-85 

6-53 

2-06 

4-10 

4-47 

5-12 

Woody fibre . 

301 

1-21 

1-26 

1-11 

3-61 

2-53 

! 1-86 

Nitrogenous matter . 

0-41 

093 

0-46 

0-28 

0-76 

0-34 

0 T 7 

Malic acid . 

107 

1-10 

0-45 

0 - 6 G 

2-70 

2-30 

1-80 

bimo .... 

008 

0-06 

trace 

trace 

very small quantities 1 

Water • . . . 

90-31 

80-24 

74-67 

71*10 

89-39 

84-49 

74-87 1 


100 00 

100-00 

100 00 

100-00 

100-60 

100-80 

100-40 j 


100 pts. of unripe summer peaches w^ero estimated to yield 179 pts. ripe frulL 
100 pts. of unripe greengages were estimated to yield 129 pts. ripe fruit. 

100 pts. of unripe apricots wore estimated to yield 200 pts. ripe fruit. 



In tho gooseberries, the seeds us weU as the pulpy matter are included in thewoi^y 
abre. The hard pear was ripe, and analysed immediately after xt was plucked ; tne 
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soft was of fcho samft rarietj, anti haci hoon kt'pt for some time exposed to • 

the oxygen of which it had converted, witliout change of volume, into carl>oiiic ^ 
losing at the same time 0 77 per cent, carbon and becoming richer in gneai. 
poorer in gum and woody fibre. The over-ripe pear, also of the same variety 
been kept till its weight was reduced from 100 to 76*85 parts. 


language, consists in the gradual transformation of substances of the pectons crou^ 

Unnpe fruits contain pectose, a substance insoluble in water, alcohol, and etW* 
which, by the action of the acids in the fimit, and of a peculiar ferment called pecta'i?e’ 
IB gradually transformed into other substances, pectin, pectic acid, pectosic ad 1 
dfcc., all soluble in water, possessing more or less of a gelatinous cIiMractcr, and difflTini 
in composition from pectose only by containing one or more molecules of wuti'r il! 
addition. The first change appears to consist in the conversion of the peefose into 
pectin and parapcctin by the action of the acids (cliiofly citric and malic) of the fmit 
under the influence of heat, the fruit at the same time losing its hardness. As the 
process of ripening advances, the pectin and parapectin likewise disappear, being con- 
verted successively, by the action of pectase, into pectosic, pectic, and m e t a p e c t i c 
acids. Over-ripe fruits always contain metapoctic acid, without a trace of pectin. 

The conversion of .the starch of the unripe into the sugar of the ripe fruit is offocted 
partly by the citric and malic acids, partly by the mctapectic acid. 

When fruits are boiled, the formation of pectin takes place in the same manner as 
in the ripenii^, the action being likewise accelerated by the presence of acids. The 
formation of jelly, which takes place after some time, depends upon the conversion of 
pectin, by the action of pectase, into peetic or pectosic acid, or on the solution of the 
pectic acid in the salts of an organic acid contained in the fruit. The juice of goose- 
berries often gelatinises very quickly when mixed with that of raspberries; beemse 
the latter is rich in pectase, which converts the pectin of the former into gelatinous pectosic 
acid. (Fr6my, Ann. Ch. Phys. [3] xxiv. 5; Jahresber. f. Chem. 1847-8, p. 807.) 

According to Buignet (Ann. Ch. Phys. [3] Ixi. 230), the sugar of fruits is formed, 
not from starch, but from an astringent substance resembling tannin, whicli is contained 
in the unripe fruit, and diminishes in quantity as the fruit ripens. This substance is 
said by Buignet to unite with iodine even more readily than starch, forming 
a colourless insoluble compound, which is converted by dilute acids into doxtrogliicosc, 
identical with that formed from starch. Buignet further states, that the presence of 
starch cannot be detected in any green fruit, excepting the banana, either by iodine 
or by the microscope. 

Payen, on the other hand (Compt. rend. liii. 313), has given a method by which 
the presence of starch in unripe fruits and its gradual conversion into sugar may be 
easily demonstrated. A thin slice cut out of the middle of the fruit is washed with 
water, and immersed in an aqueous solution of iodine mixed with a little alcohol ; 
a blue colour is then immediately prmluced, varying in intensity according to tho 
quantify of starch present. The reaction is, however, often masked by the prosenco 
of coloured or colouring matters, or of nitrogenous compounds in the fruit; morcorcr, 
the starch, when present in ve^ small and only partially united granules, quickly 
loses the colour produced by iodine. 

These or similar causes of error may perhaps have le«l to the negative results ob- 
tained by Bnignet as to the presence of starch in unripe fruits. 

The sugar of fruits consists partly of cane-sugar, partly of inverted 

sugar, C*‘H**0'* a hnevo-rotatory unciystallisablo sugar, identical in composition and 
optical rotatoiy power with the mixture of laevo- and dcxtro-glucoso produced from cane- 
sugar by tho action of acids, or of Berthelot’s glucose-ferment (o.v.). According to 
Buignet (^loc. cit,\ the cane-sugar is formed first, and is gradually but in most cases 
only partially transformed, during maturation, into inverted sugar, the changes being 
produced, not by the action of acids (for the quantity of inverted sugar in different 
miits bears no proportion to the quantity of acid present), but to a nitrogenous sub- 
stance resembling Berthelot’s glucose-ferment obtained from yeast. This statement 
respecting the conversion of the cane-sugar into inverted sugar is, however, not quite 
in accordance with the observations of Berthelot and Bn ignet (Compt. rend. li. 1094) 
on the formation of sugar during the ripening of oranges ; from which it appears that 
the inverted sugnr predominates in the unnpe, and the cane-sugar in the ripe fruit, 
and that the weight of the inverted sugar alters but little, whereas that of the cane- 
sugar increases miring ripening in proportion to the wei^t of tho entire fruit, as well 
as to that of the juice and of the solid substances contained in it. 


pr ese nius, and others working under his direction (Ann. Ch. Pharm. ci. 219 ; Jahresh^ 
C|1 m|d. 1857» 635), The fruit having been pressed or saturated, and the soluble ana 
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Rustic soda), and albuminous substances (by determining the amount of nifroiren ^ 
reckoning 100 pts. of albuminous substances for every 15-6 nitrogen). The iusoffl 
portion was dried at 100® C., and the amount of ash determined ; when possible tb 
weight of the stones or kernels was separately estimated ; and a separate portion of 
the insoluble matter was digested for some tiine with dilute sulphuric acid, to deter* 
tniue the amount of pectous substances left undissolvcd by that acid. 

The sugar in the table consists of glucose and fruit-sugar (dextro- and Ifevo-g^coaeV 
the amount of free acid is reduced to its equivalent in malic acid ; pevtous euktandi 
&C., denotes soluble substances of the pectous group, together with giirn, colouriui 
matter, suspended fat, and combined organic acids. The ash of the insoluble portion 
is already included in the weight of the kernels, skins, &c., and is therefore placed 
within brackets. 

From these analyses, the following comparative estimates may bo made of the 
average amount of sugar, free acids, pectin, &c., in different kinds of fruit. 

I, Comparison of Fruits as to ikeir avirage Amount of Sugar. 

IVr cfiit. 

Peach 1*57 Gnmint 

Apricot 1*80 Mussel Plum 

Plum, round red . . . .2*12 Gooseberry . 

Greengage , . . . .3*12 Red Pear 

Mirabello 3*68 Apple . 

Raspberry . • • • • 4*00 Sour Cherry , 

Blackberry ..... 4*44 Mulberry . 

Strawberry 5*73 Sweet Cherry 

Bilberry 5*78 Grape . 

II. Comparison of Fruits as to their average Amoxmt of free Aeidy ndi 
Equivalent in Malic add. 


I cr cj'nt. 
. 6-1!I 
. G-lift 
. 7l-') 
. 7’b5 
. t'’>)7 
. H'77 
. 'J-i!) 
. 1 ()■::) 
. H t)3 


ad to its 


Red Pear . . • . . 0*07 B]ackl>erry . 

MiraWle 0 68 Sour Cl »en*y . 

Sweet Cherry .... 0*62 Plum, round red 

Peach ...... 0*67 Strfiwborry . 

Grape ...... 0*74 Bilberry 

/^ple 0*75 Gooseberry . 

Mussel Plum .... 0*89 Riuspberry . 

Greengage ..... 091 Mulberry 

Apricot 1*09 Currant 

III. Comparison of Fruits as to tJmr average Proportion of Acid, Sugar^ 

Pectin, Gum, 


I’.r 


crilf. 

Ml) 

1-‘JS 

13il 

1-:{1 

m 

1*45 

1*4S 

rsc 

204 


red 

Add. 

. 1 

Sugar. 

1 63 

Pectin, 
Qum, S c. 

3*14 

Gooseberry 

Add. 

. 1 

. 1 

1 66 

6*36 

Mulberry 

. 1 


. 1 

2*34 

11*94 

Mirabello 

. 1 


. 1 

2*70 

0*96 

Sour Cherry . 

. 1 


. 1 

3-00 

007 

Mussel Plum . 

. 1 


. 1 

3*43 

11*83 

Apple 

. 1 


. 1 

3*73 

P2l 

Sweet Cherry . 

. 1 


. 1 

4*31 

0*41 

Grape , 

. 1 


, 1 

4*37 

0-08 

Red Pear 

. 1 


Plum, roum 
Apricot . 

Peach . 

Raspberry 
Currant . 

Greengage 
Blackberry 
Bilberry . 

Strawbeny 

IV. Comparison of Fruits as to their average Proportion rf Water, and of Soluble and 

Insduhle Constituents, 


„ rorlV'i 

Sugar. (5„„r, Ar. 


4*93 

4-94 

6*20 

6*85 

7*03 

11*16 

1729 

20*18 

94*60 


0'76 

1*10 

9*92 

1*43 

4*35 

5*60 

2*76 

2*03 

44*40 


Raspberry . 
Blackberry . 
Strawberry . 
Plum, round red • 
Currant 
Bilberry 

Ooosobeny . • 
Mirabelle, . • 
Apricot « 


Water. 

100 

Soliibl.. Iniiolubl<** 

9-12 688 

Red Pear . 

Water. 

. 100 

14'2« 

100 

9*26 

646 

Peach . 

. 100 

lt64 

100 

9*39 

515 

Mussel Plum 

. 100 

16-32 

100 

9*74 

0*87 

Sour Cheny 

. 100 

16-48 

100 

11*00 

6*62 

Mulberry . 

. 100 

16-87 

100 

12*06 

16*91 

Apple . 

. 100 

16-89 

100 

12*18 

3*67 

Greengage . 

. 100 

18-62 

100 

13*04 

1*53 

Sweet Cherry 

. 100 

18-61 

100 

13*31 

2*07 

Grape . 

. 100 

22-81 


6*54 

2*10 

3*15 

1*31 

1*47 

3*61 

1-22 

1*63 

5-81 
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wip tmt amount of allanunona anbatance in frnit'a (aee Table, pp. 718 - 7 H) 
.kow that they cannot be regarded m nutntioua articlea of diet ; in fact, an egg weighing 
IS Irma, and containing O grms. of albuminoua matter, ia equivalent in nutritive power 
: fjO grms. of cherriea, 690 grma. grapea, 970 grma. atrawbendea, 1260 grms. apples, 
and 2000 gnns. (or 4 lbs.) of red pears. The great excess of non-azotised matter in 
Lits shows that they possess rather the character of so-called respiratory food. In 
respect a pound of starch, or about 6 5 lbs. of potatoes, might be replaced by 6*4 
L grapes, 6 5 lbs. greengages, 67 lbs. cherries, 67 lbs. apples, 7*8 lbs. red pears, 
7 8 lbs. mussel plums, 9 ‘4 lbs. gooseberries, 10*8 lbs. currants, 12*3 lbs. strawberries, 
and 12*9 lbs. raspberries. 

The value of fruit as an article of diet depends, however, chiefly on its refreshing 
character and agreeable taste, on the demulcent qualities of the gum and pectin, and 
on the physiological action of tho free acid and alkaline salts contained in it. The 
efficacy of lemon-juice as a remedy for sea-scurvy, may be attributed in a gn'iit degree 
to llie large quantity of potash-salts which it contains, inasmuch as the deficiency of 
!) 0 tash in the salt^meat, which forms so large a pro^wrtion of the diet of sea-faring 
nicn, appears to be one of tho chief causes of that disease. 

Tlie agreeable taste of fruit depends partly on its aroma, partly on a duo proportion 
between the acid, sugar, gum, pectin, &c., and between the water, tho soluble, and tho 
insoluble constituents. Luscious fruits, like the peach, greengage, and mulberry, whicli 
mom fo melt in the mouth, contain a very large proportion of solnblo substances. A 
flue proportion of gum, pectin, and other gelatinous substances serves to mask the 
taste of the free acid, if present in rather large proportion as compared with the 
Hupir. Such is the case with the peach, apricot, and greengage (Table III., p. 716), 
which contain but a small quantity of sugar as compared with the free acid, but a 
large proportion of gum and pcctous substances. 

Tlio very sour tasto of certain baccate fruits, as the currant and gooseherry, arises 
frrim the presence of a considerable quantity of free acid, with only u small quantity 
of gum and pectin to disguise it. 

The proportion of sugar in fruits is largely increased by cultivation, as may be seen 
hy comparing the composition of the wild and cultivated strawberries and raspberrii^s 
ill the table on p. 7 1 3. (F r e 8 e n i u s. ) 


rveus. See Sea-weed. 

FUCirSAMXDlS. — A compound isomeric with fbrfuramide, and 

obtained from fucusol in the same manner as furfuramidc from furfurol, namely by the 
action of ammonia ; but as fucusol is much less soluble in ammonia than furfurol, a 
larger quantity of ammonia must be used in tho preparation, and tho two liquids 
mixed by frequent agitation. Fucusamide crystallises from hot alcohol in groups of 
hni: needles ; its reactions are similar to those of furfuramide. (S ten ho use, Ann. 
Ch. Pharni. Ixxiv. 289.) 


FVCVSXXrB. C‘*IT**N*0*. (Stenhonse, An organic base, isomeric 

with fucusamide, and therefore with furfuramide and furfurine, and obtained from 
fiuu.samide in the same manner as furfurine from furfuramide. When pure fucus- 
Jiniide is boiled for twenty minutes, with moderately concentrated potash or soda-ley, 
it melts, and is converted, without evolution of ammonia, into a slightly brown oil, 
which solidifies on cooling in the form of a yellowish resin. This sul»stance contains 
fuciisiiu*, but does not yield that base in the crystalline form, evon^ by solution in 
iilroliol or ether. The best mode of obtaining the fucusine from it is to digest tho 
iniiNs, at a temperature n little above its melting point, with nitric acid ; cool tho 
h'luid till the rosin solidifies ; decant the solution, and leave it to itself till the nitruto 
of fuciisino ci'}8talJise8 out; purify this salt by recrystallisation from water; and 
‘bcomposu its pure aqueous solution with a slight excess of ammonia. The fucusine 
then slowly separates in small laminae united in stellate groups. This form of crys- 
tjillisation distinguishes fucusine from furfurine. . * j 

HydrochJ orate of Fucusim is very soluble, and separates from highly eoncentratea 
solutions in short flexible needles. 

Ckloroplntinaie, 2(C‘»H‘*-^*OMICl).PtCF.— When tetrachlondo of platinum is 
fwlcled to a cold aqueous solution of hydrochlorate of fucusine, the double salt 
8<^pAmtes in tho form of a yellow crystalline precipitate ; but if the solutions aro • 
hot, and especially if a little alcohol is added, broad four-sided pnsms are 
obtained, having two wide and two narrow faces, and differing altogether from the long 
iiwdlc'shaped crystals of the corresponding furfnrin e-salt, i • 

, of FucuMne, crystallises from a hot aquwus solution in 

prismatic needles united in stellate groups, but when crystiUlised 
large rhombic prisms of great regularity and ]^uliar lustre. The * 
Stained from strong alcohol become opaque after a while, but th^ which separate 
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from a weak alcoholic soluflon re^afn their transparency. The eali when lioatid 
lOOP 0. quickly becomes coloured, and decomposes. 

Os(date8 of Fuciisine. — ^When crude fucusine is digested with excess of ox ilin « m 
and the solution filtered hof^ the acid oxalate, is deposited (n 

needle-shaped ci^stals, which are generally coloured at firsts but by repeated erysti ir 
Mtion and the use of animal charcoal, may be obtained in colourless silky neodles u 
is not vetj soluble in cold water, but dissolves readily in boiling water and in alcohol 
The solutions have a distinct acid reaction. ^ 

The neutral oxalate resembles the acid salt in appearance, but is much more soluble 

TtrOirSOK. (S ten house, Phil. Mag. [3] xviii. 122; xxxvii. 22G- 

Ann. Gh. Pharm. xxxv. 301; Ixxiv. 278.) — A volatile oil isomeric with furfurol, and 
obtained by treating sea- weed, e.g. Fuciis nudosus, F, vcsiculatxis, F. serratuJ 
with dilute sulphuric acid in the same manner as bran is treated for the prepiiration 
of furfurol. 

The oil thus obtained contains a large quantity of acetone, which may be reraored 
by washing with water, redistilling at a lower temperature, and rejecting the first 
portion which passes over. It also contains metafurfurol, or a similar imt)urily, from 
which it may be separated by repeated rectification with water, as in the purification 
of furfuroL Lastly, it is dried over chloride of calcium and redistilled. The quautitv 
of fiicusol thus obtained from sea- weed, is only alK)ut a fourth of that of the furfurol 
obtained from bran. 

Fucusol resembles furfurol in most of its properties. Wlien recently prepared if jg 
colourless, but turns yellow and brown in a few days, especially when it contains nifta. 
furfurol. In the pure state it may be kept unaltered for a long time in hormeti(*{illy 
sealed tubes. Specific gravity 1-150. Boil ing point between 171® and 1 72® C. It d h- 
solves in 14 pts. of water at 13® C. and in 12 pts. of strong aqueous ammonia at 13 y^. 

. Fucuaol is much less stable than furfurol. Sulphuric acid eoloura ityellowigili-brown, 
hydrochloric acid green, and nitric acid light yellow ; if, however, it contains metafiir- 
furol, all these acids colour it purple-red. Potash-Icy colours it yellow at first, hut 
the colour afterwards changes to dark-red. It imparts a deep ytdlow colour to tlx* 
skin, and on moistening the yellow spots with aniline, a rose colour is produced (thfl 
same reaction is exhibited by furfurol). With ammonia, fucnsol forms fucusamidc, 
and with sulphide of ammonium it forms thiofucusol, i.someric with thiofurfol. 

Hoss (SpXa^mm) and various species of lichen (Or&aria idandwa, Usnea, Bama- 
Una, &C.), distilled as above with dilute sulphuric acid, yielded an oil which apjxiarfd 
to be identieal with fucusol, inasmuch as it formed with ammonia an amide which, 
when treated with boiling potash-ley, formed a difficultly crystallisable base whoso 
platinum-salt crystallised in the same form as that of fiicusine (p. 717). Fern {Vkm 
aquilina) yielded an oil which appeared to bo intermediate in its properties betwron 
furforol and fucusol, the base formed by treating its amide with pi^tash, cryptallidni^ 
with facility and in the same form as furfurine, w^le the platinum-salt resembled thut 
offiicnsine. (Stenhouse.) 

nnUEi* Comhmtible ; Brcnnstoff.—A\i}ioM^\ this term might be correctly applied 
to any enbstance capable of combustion, its application is generally limited to tlioso 
materials which are practically employed for generating heat 

The artificial application of heat for various useful purposes appears to have been 
always a prominent feature of distinction between man and the brute creation. I» 
remote ages the use of fuel was, for the most part restricted to the warming of dwell- 
ings, and the preparation of food. Its industrial applications seem to have been few. 
In later times, however, the importance of the application of heat in the useful arts 
has been continually increasing. Not only is heat., generated by the combustion of 
fuel, the principal agent in the extraction of metals from their ores, in their subsequent 
ihsiiioning into useful forms, in the manufacture of bricks, pottery, and glass, and in 
the various chemical arts ; but, since the invention of the steam engine, it become 
the most important source of motive power, in its applications both to the industnal 
arts and to commercial intercourse. 

With this widely extended range of utility in the application of ftiel, it natumly 
fbllows that the chemical principles involved in its use are of much importance, .nw 
^eral nature of the phenomena of combustion and the development of heat being 
described under the heads Combustion and Hbat, it will only be reauisite heret^ow 
in what manner the value and applicability of different kinds of fhel are influenced by 
the prin^les there elucidated. ^ ^ . 

The different kinds of fuel are all of vegetable origin, either directly or indirectly. 1° 
the different conditions of wood, peat^ and coal, it is the ligneous tissue of plants tnai 
ndnstitutes fhel ; in each of these conditions there is a general similarity of 
msporitioB^ accompanied by considerable differences in the relativo proportions oi tlis 
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wentaiy constituents, and by specific differences of chAraeter, apparently depending 
upon the arrangement of those constituents than upon their actual amount. 

® The Siief elementaiy constituents of fuel are carbon, hydrogen, and oxygen, together 
.jh a small proportion of nitrogen ; and in all kinds of fuel there is, besides these con- 
tituents, A greater or less amount of earthy or inorganic substance, remaining as ash 
lU the fuel is burnt, and originating partly from the plant-tissues, partly from 
their mechanical admixture with earthy substances. The amount of ash in fuel 
^ries considerably* from less than 1 per cent, to 10, and ..yen 20 per cent, in some 
instances ; but, on the average, 6 per cent of ash is as much as there should be in 

^^ne'^of the most important points of difference between the various kinds of fuel 
consists in the amount of voiatilisable substance they contain ; and their applicability 
for various purposes depends in a great measure on this circumstance, as much as upon 
their respective capability of generating heat. Fuel which contains a large amount, of 
conibustihle voiatilisable substance, and gives rise to a copious evolution of hydro- 
carbon vapour and gases, burns with flame, w'hilo the more purely carbonaceous fuels, 
containing little or no voiatilisable suKstance, burn without flame or with only a small 
fl;une. It has been very generally considered that fuel which possesses the character 
oHurning with the largest flame is especially suitable for use in generating steam, 
and for evaporating, as well as for certain metallurgical operations ; while the more 
carbonaceous kinds are generally found better adapted for iron smelting, and for pro- 
ducing high temperatures. 

The presence of water in fuel is obviously objectionable, whether it be employed for 
evaporation or for producing high temperatures: for, in the one case, the vaporisation 
of the water contained in the fuel consumes an equivalent quantity of heat, and thus 
reduces the effect produced by the fuel ; in the other case, the water-vapour produced 
tends to reduce the temperature obtainable by the combustion. 

The amount' of water in fuel may vary from nothing to 40 per cent, or more, and 
some kinds of fuel give rise to the production of a further portion of waiter than that 
which they actually contain. The great difference between the capability of fuel to 
produce high temperatures, according as it contains or produces water by combustion, 
has long been known, and tlic practice of kiln-drying and of charring fuel, is founded 


on tlje knowledge of this fact. 

lly (.'harring or carbonising fuel, the whole of the water it contains, or is capable of 
producing, may be separated ; and though a considerable portion of the carbon is also 
volatilised, partly in the state of hydrocarbon compounds, and partly as carbonic acid 
and carlx)nie oxide, the residual carbonaceous portion lias, weight for weight, a greater 
capability of producing a high temperature than the raw fuel, and in some cases is 
olluTwise more suitable for certain metallurgical operations. 

The extent to which the volatilisation of carbon takes place, in carbonising fuel, de- 
pcnd.s greatly upon the mode in which the operation is conducted. As a rule, the yield 
of carbonacGfius residue is greatest when the carbonisation is conducted rapidly. This 
is the case to tho greatest extent with wood, which yields on the average 23 per cent., 
of charcoal by rapid charring, and only 14 per cent, by slow churring. In the ca^ 
lionisation of coal, the difference is much less, and the amount of coke obtained, which 
varies very much, depends more upon the special character of the coal used. 

Coal.— This is by far the most important of the materials employed as fuel. The 
varieties of coal are very numerous, and the differences between some varieties arc 
very marked, though on the whole they are more differences of degree than of kina. 
According to these differences in the varieties of coal, they arc generally divided into 
three classes, viz. 1. Anthracite ; 2. Bituminous coal ; and 5. Lignite ; though, in 
many instances, it is not possible to recognise any absolute distinction between coals 
commonly referred to different classes. , i i 

There is an equal absence of any positive lino of demarcation btdwcen coal and 
tliose more earthy combustible minerals, termed shales, with whicli it is usually 
associated ; but from a practical point of view, the amount of earthy substance often 

constituiesa good criterion as to whether any particular mineral be suitable lor fuel, 

Hnd should consequently be regarded as coal. The determination of 
this means, will sometimes be influenced by circumstances; 

30 per cent, of ash in a combustible minera of this <1?/ 
prevent its being usefully employed as fuel at the place where it is 
not be so regarded for the purpose of transport. From a vaxiety of^ simi a 
stances, the^lication of ^t^ coal is entirely conventional. A scientific definition 
of coal is out of tho question. , ♦ • w a 

Anthr(unte.^^\ie coals belonging to this class are 
ntuch larger amount of carbon than any other varieties, and but very little volatilwable 
stibstanco. 
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South Wales. 
Regnault. 

Olamorganfilire. 

WHgbtson. 

Carbon • • 

. 92*56 . 

. 91*44 . 

Hydrogen 

. . 3*33 . 

. 3*46 . 

Oxygen . 

. 2-53 . 

. . 2*58 . 

Nitrogen . , 

• • • • • 

. 0*21 . 

Sulphur • 

• a • . • 

. . 0*79 . 

Ash • • 

. . 1-58 . 

. 1*52 . 


ioo-oo 

100*00 

Coke 

. 

. 92-90 


Vaux. 
90-39 
328 
2-98 
0*83 

0 - 91 

1 - 61 
100-00 


Anthracite is less readily combustible than almost any other kindof fiiel ; it requires 
a strong draught, and must be gradually heated before being thrown on the fire, other- 
wise it decrepitates and crumbles to powder, which stops the draught and causes much 
waste. When properly burned, it generates a very high local temperature, and is oa 
that account especially adapted for melting furnaces. 

BituTTunoua Coal , — The coals belonging to this class are characterised by contuiniiiga 
more or less considerable proportion of bituminous substance capable of being decom- 
posed by heat, and yielding volatile, oily, and gaseous products. Some of these coals, 
when heated, undergo a kind of fusion, swelling up considerably as decomposition goes 
on, and leaving a bulky porous residue of carbon. These are culled caking coals. 
Other bituminous coals do not present this character ; but when heated, or in buminjr, 
retain their form, and split or open up into columnar fragments. These are commonly 
culled dry or freebuming coals. The cannel coals, which properly belong to the bitii- 
minous class of coals, behave differently from either caking or dry coals when heated, 
though they bum moat like the latter, and they are especially characterised by giving 
a very copious luminous fiame. 

In composition, bituminous coals generally are distinguished by containing a larger 
proportion of both hydrogen and oxygen than anthracite contains ; but there is no re- 
cognised relation between their specific characters and their elementary comj)osition. 
Even the property of caking seems to be more dependent on the constitution, than on 
the mere composition of the coals. 


Dry or Freebuming Coals. 


Cnrbon • 
Hydrogen 
Oxygen . 
Nitrogen 
flulphur . 


Coke 
Ratio _ 
atance to Axed carbon 


Merthyr. DuffTyn. 
How and 
PhilMpr, 


IIow. 


Oraigola. Balcarrei. 
Wright 


9 ^ 1-27 
4 12 
2*.’»3 
0-63 
1*20 
2*^3 
01 28 
79-11 

Ratio of volatile sub-|^. 2 Y 


88-26 
4*66 
0*60 
1 45 
1 77 
3-26 
100-00 
84-30 

0-19 


8on. 

84-87 

384 

7-19 

0-41 

0*45 

3-24 

100-00 

85*50 

017 


How and 
Phillips. 
avr)4 

5-24 

5-S7 

0*98 

I-OV 

332 

100-00 

02DO 

0-t2 


Owm Wolver- Si.Hft. 

Frood.*^**^“^y* Hampton, lens. 
How and 
PhilliDi. 


IIow. 


Vaux. 


82' 25 
5 81 
3 58 
1*11 
1-22 
600 
U)0-(t0 
6b’00 58-20 

0-57 076 


81-18 
5-56 
H-ai 
0 72 

1-44 

3*07 

uJFoo 


78-57 
5-29 
12-88 
1 84 
0 39 
1-03 
100-00 
57-20 


Vaux. 

75-HI 

.5-22 

11-98 

1-93 

ODO 

5*17 

lOl'Ol 

66-50 


0-76 0-55 


Dalkritb 
Jewel. 
WrlglU- 
son. 
74*55 
.5*14 
1.V.51 
1 41 
1-.53 
4-:ff 
lO-i-51 
49*80 

1*10 


Caking Coals. 


Cart}on • 
Hydrogen 
Oxygen • 
Vitrogen . 
Sulphur . 


Coke ... 

Ratio of volatile sub* \ 
■Uocetofixedcarboii ^ ^ 



TanAeld. 

Mynydd 

Newydd. 

Blatna. 

Blalna. 

Hedlcy's 

Hartley. 

Notting- 

ham. 

Trinidad 

How and 
Phillips. 
86-58 

How. 

84-71 

No.’id. 

83 00 

Noad. 

82 56 

How and 
Pint lips. 
80-26 

C. Tookey. Tookey. 
77-40 7811 

6-31 

6*76 

6*18 

6-3C 

6*28 

4-96 

56S 

4 *89 

8-59 

4 -.58 

8*22 

2 40 

7 77) 

1708 

1*26 

1 56 

1-49 

1-G6 

1 16 

l-55f 

1*32 

1*21 

0*75 

0 75 

1-78 

0*92 

0-57 

2*14 

8-24 

4*<K) 

1-46 

9-12 

8*90 

3 61 

100-00 

100-00 

Too 00 

100-00 

100 00 

96 50 

100*00 

65-10 

74*80 

. . 

72-30 

63 20 

54-60 

0*55 

0-34 

• -• 

• . 

0-43 

0-60 

021 


Carbon • • • ■ 

Hydrogen .... 

Oxygen • • . • 

Kltrogen .... 

Sulphur • • • • 

Ash . • . • 

Coke . 

volatile sttbstaoce to fixed Y 

nirooD . * • f .. . I 


Cannel Coals. 

Wigan. 

Regnault. 


Wigan. 

Vaux. 



1^07 . 

. . . 80-07 • 

« 




5-71 . 

. , , 5-53 . 

• 

ft 



7-89 . 

. . . 810 . 


• 




. . . 2*19 • 

« 

• 




. . . 1-50 . 


ft 



9*40 . 

. . 2*70 . 


ft 



100-00 

loo^ 





Tyneside. 

%’ 
5-80 
1*12 
1 85 
1*21 
8jM 

fioU 


59 00 
0-72 



fuel. 

ijaiwTE and Brown Co^.^The vwious Icinds of combustible minerals to which tbeso 
Bumesareap^edapebu^httleempoyedasfo^^ in this country;but in the cdoni^ 
they are of more jmportance. Lignite and brown coal ar« i., — f * 


;lf-uricu 

ution they approximate more or less to wood. 

Bovejr. 


u OUE in tiie colonies 

y are oi Lignite andbrown coal are highly hygroscopic, and in 

[he rtir-dried conoition^, generally contain from 15 to 20 per cent, of water. ^In con/po- 
Anoroximate more or less to wood. wwpo- 


Carbon . 

Hydrogen 

Oxygen 

Nitrogen 

Sulphur 

Ash 

Water 


a)ko . . . , 

Katio of volatile substance 
to fixed carbon 


49-24 

4-18 

16-97 

0*41 

1-75 

1-69 

26-75 

99-99 

30*80 

2 38 


Ancklaiul. 

Tookcjr. 

65-57 . 


Tasmania. 

Ttiokev, 

. 6990 

4-13 . 


. 466 

15*67 . 


. 15-99 

0-15 . 


1*08 

0*36 . 


. 0*30 

9*00 . 


. 4*64 

14*12 . 


. 13-43 

100*00 


100-00 


Woon is but little used as ftiel except in countries where it is abundant, and where 
is scarce. Tho amount of water in wood varies considerably according to the 
kind of wood, and the time it has been kept. On tho average, air-dried wood contains 
;i]..)nt 20 per cent, of water. The average composition of wood is 


Carbon . 




Air ilried. 

. 40-36 . 


Kiln drlod, 
140 C. 

. 50-45 

ITy<lrogen 

• 



. 4-91 . 


. 614 

Oxygen . 

« 



. 32-66 . 


. 40-83 

Nitrogen , 

• 



• *90 . 


. Ml 

Ash 




. 1*17 . 


. 1*47 

Water 

Char<N)ul . 




. 20*00 
100-00 
. 23-00 . 


100*00 
. 28*76 

Ratio of volatile substance to fixed carbon 

. 2-95 . 


. 2-64 


Pkat ; Turp. — T he chief obstacle to the use of peat and turf as fuel is the difnculty 
of obtaining them in a dry state. As thoy usually occur in bogs or mountain districts, 
tlicy contain from 80 to 90 per cent, of water, and, even in the ordinary air-dried con- 
dition, the amount of water is not less than from 20 to 40 per cent. 

The term turf is most correctly applicable to the more fibrous and spongy varieties 
ofbog fuel, consisting, in great part, of mosses that have undergone but little altera- 
tion of structure. 

The term peat should be restricted to those varieties in which the ligneous tissues 
of tho mosses, &c., have boon, to a more or loss considerable extent, converted into a 
compact mass, which is sometimes as pasty as moist clay, and, when air-dried, pre- 
sents much resemblance to some kinds of coal belonging to the lignite class. 

The appearance and texture of air-dried peat and turf present great variations be- 
tween these two extreme conditions, the most important points of ditference being 
the density and the liability to absorb water. The density of air-dried turf is some- 
timos as low as 0*2 or about 12 lbs. per solid cubic foot ; the density of peat is some- 
times as much as 1-23 or about 78 lbs. per solid cubic foot. Turf will sometimes 
absorb more than its own weight of water, while good peat will not take up more than 
about 10 per cent. 

In composition there is but little difference between turf and peat or the different 
kinds of each, but the amount of ash varies considerably, and is some times as high 


or even 20 per cent. 

Carbon . * 


Lewi turf, 
air-dried. 
Paul. 

. 36*3 

Peat, 

air-dried. 

Vaux. 

43*3 

Lewi i-eat, 
nir-dried. 
Paul. 

46*1 

Lews peat, 
kiln-dried. 
Paul. 
60*0 

Hydrogen , , 


. 3*6 

4-1 

4-6 

6*9 



. 19*2 

22-4 

23-6 

30-0 

Nitrogen , , , 


•7 

1*8 

1-0 

1-3 

Sulphur , . , 

Ash 


. VI 

0-4 

7*7 

1*5 

1-9 

Water . . , 


. 40*1 

203 

23*2 


Charcoal. 


100*0 

100*0 

29*3 

100*0 

31-6 

looT 

39*0 

Hatio of volatile substance 

to) 

3-27 

2*28 


^ fixed carbon • 

• 





Of the elementary oonitituents of ftiel, only the cubon and hydrogen are oomW 
tible, and capable, by their combuBtion^ of contributing to«the graeration of heat 

rrAnAitiifAd ft.nv Itlnn r Cu jfbAL fkt* ifiai pOW6r 


tible, ana capaoie, oy rneir comouBuo^ w wum*ij >r , - 

Consequently, the amount of heat generated by any kind;^ »l, or ite caloriftc 
depend upon the amount df carbon and hydrogen it ocmthine. ^ There being bo 
abeolute measure of heat, the calorific power of fuel can ^y be estimated relatirely, 
by comparing the effects produced by equal weights of different kinds of fuel. 

In the combustion of hydrogen, the amount of heat generated is always the same, 
but in the combustion of carbon, it differs according to the nature of the compound 
pr^uced by the combustion. When carbon is fully oxidised and converted into car- 
TOnic acid, the amount of heat generated is much greater than when it is only con- 
verted into carbonic oxide, so that, as regards tho use of fuel, carbon has two degrees 
of calorifto power, corresponding to the two degrees of oxidation. 

The quantity of heat generated by the combustion of hydrogen is 4*265 times 
as great as that generated by the combustion of an equal weight of carlxin to 
carfcnic acid, according to the most accurate determinations by Favro and Sil- 

^ In <?ixpressing the calorific power of fuel, the amount of heat generated by the com- 
bustion of carbon to carbonic acid is taken as the standard of comparison. Tliis 
calorific power of carbon is expressed as a definite quantity, by the riUmber of parts 
by weitoht of water capable of being heated from a given temperature to a tempi^ra- 
tiire higher (4® to 5° C.), by the combustion of one part by weight of carbon. 
This*' numerical expression of calorific power will, of course, vary according as tlio 
thennomctric scale to which it refers is that of Fahrenheit, Centigrade, or EeaTiniiir, 
and it will vary in the same ratio as the degrees of those different scales bear to each 

Tlpl«live 

neimmur. Centigrade. Fahrenheit. 

Eiitio of tbermometric degrees . . fi*8 1 . 1*8 

Calorific power of carbon . . . 1010 8080 14,544 1*000 

Calorific power of liydrogen . . 43,077*5 34,462 62,0o2 4*265 

In this comparison of the calorific power of carbon and that of hydrogen, no parti- 
cular unit of w'eight is referred to ; it merely indicates that a pound, a gram, or a ton 
of carbon or of hydrogen will raise the temperature of as many pounds, grams, or tons 
of water from 4° to 5^ C., as correspond with the numlier expressing their calorific 
power respectively for eacli thermometric scale. The unit of heat, or that quantity of 
heat which raises the temperature of the unit of weight of water from t® to t +1, 
will vary according to the tliermometric scale and the unit of weiglit to which it retom 
According to the Centigrade scale and tho French system of weights, the unit of 
is the quantity which raises tho temperature of a kilogramme of water from 4 to u t 
while the unit of heat for the Fahrenheit scale and the British system ** 

the quantity which raises the temperature of a pound of water from 40 to 41 r., ana 
these two units bear the following relation to each other. 

British unit of heat. French unit of heat. 

1 =* 0*261996 

3*96832 « 1 * 

It is important to bear in mind these differences of expression, inasmuch as they 
often have to be taken into account in calculations ; but the expression m tlw 
lative calorific power of carbon and of hydrogen, as stated above, is not attectea i>y 

^sTnee the calorific power of fuel, or its theoretical fuel value, 

amount of combustible carbon and hydrogen it contains, it follows that, tM pe 

centage composition of any particular fuel being ascertained by analysi^ it is ea^ 

means of the data given for the relative calorific power of ^bon and of hy^ » 

to calculate the relative calorific power of the fuel, that of 

unity. There are three possible cases which may obtain in regard to this calc > 

"Wlien the combustible portion of the ftiel consists entirely of ™ 

case of orfee or charcoal, the percentage of carbon in the fuel expresses Ks rei 
calorific power, as compared with pure carbon. . . , a 

2. When the combustible portion of the fhel contams both carbon and nym^^ 
the relative calorific power is found by multiplying the percentage amount 01 
by 4*266 and adding the product to the number expressing the percentage 01 ^ 

8. When the fuel contains, besides carbon and. hydrogen,. more, or ^ of 

constituent must be considered as already combined with an ^uiyalent qua y 
either carbon or hydrogen, which is consequently rende^ ineffective for 
" heat:; In such cases, it is only the surplus carbon and 

the o:y>g^:lli tne fuel, that can generate heat by co 
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CoBseqneptJjr amonnt of oxygen in fuel, the emaller will be its reWI™ 

odorific pow«. The pij^co of oxygen ,n fuel, acts in a twofold m^ner in 

the calonflc power, by the actual amount of carbon and hTdrevAn on,t i ^ 

by rendering part of ineffective for generating heat ^ * • and also 

The influence exercised by the oxygen contained in fliel in diminiahina ♦»,« •<• 

poorer wiU also depend np^ whetheJit is the carlmn or hydrogen that ^ *ndciS !nef! 
fetivein generating heat, and the conditions under Vhich the fuel is b^t il 

determine, in great measure, which of these effects is produced. uumi «iii 

Since in carbonic acid, oxygen is combined with three-eiehths of its weio.l,f 
„iK)n, and in water it w comWrf with one-eighth of its weight of hydS the 
quantity of c^bon rondcred ineffective by a given quantity of oxygen would bi 1, re 
times as much as the quantity of hydrogen rendered ineffective by the same ouantitv 
of oxygen. According to the older determinations of the heat generared by the eS 
bastion of hydrogen and carbon, which made the calorific power of hydrogen iu.Ht thZ 
times as great a* that of cai^n, the result obtained by calculation was the same i it 
either case; but adopting the more accurate data affonled by the experiments of 
Favre and Silbermann, the result will differ in some instances considerably accor.1 
iiig as It IS assumed that hydrogen or carbon is rendered ineftectiye for ^neiuting 

The roJative oaloriftc power of fuel may be calculated by meaua of the followiiic 
f.irinula?, in which p represents the relative calorific power ; and C, H, 0 represent the 
aiiiiiunts of carbon, hydrogen, and oxygen in one Jiart of the fuel : ^ 


]. Fuel containing only carbon . . , . = C. 

2. Fuel containing carbon and hydrogen , . ^ = C + 4-265 H. 

3. Fuel containing carbon, hydrogen, and oxygen! ^ “ 9 “ 

<or^ = C + 4-265(11- JO). 

If it is desired to express the calorific power of fuel in hoat-Tinits, the amount of 
carbon and the amount of available hydrogen in one part of the fuel are to be respec- 
tively multiplied by the numbers expressing the calorific power of car}>on and of 
liyclrogen, and the sum of tho two products represents the relative calorific power of 
llie fuel in heat-units : ^ 


l.p=8080 C. % p ^ 8080 C + 34462 H. 3, p ^ 8080 C + 34462 (H--JO). 

In the following table the relative calorific power of several combustible suhstaiicos 
is given both as calculated by tlie above formulae and as expressed in heat-units : 


1 



2 



1 ^ 

4 

5 

C 

7 

1 x 1 

Fiid. 

Car- 

boo. 

Compc 

dro- 

K«-n. 

>iltIon 

Oxy- 

gen. 

of Fue 

Ash, 

. 

Wa. 

ter. 

Weight 
of Oxy- 
gen for 
com- 
bustion. 

Cal 

Rela- 

tive. 

orifle ] 
In hw 

Cent! 

grade 

lower 

lUunlts 

Fahr. 

Weight of 
water heat- 
ed from till! 
fri’fzing- 
point to 

boiling. 

1 1 

Weight of i 
wal er at 
J(J0" r. 
ronvertnil 
into stiMin 

VriROGEN . , , 


1-00 

... 

... 

... 

8 

4*265 

:t446*2 

620.1-j 

314-62 

6-2-6GH 

'Rsn GAS , , , 

075 

0-25 

... 

... 

... 

... 

1*816 

14C75 

26415 

146-75 

26-6S2 

L8PIANT GAS . , 

0*857 

0*143 

... 

... 

... 

... 

1*466 

11849 

‘21328 

118-49 

21*543 

^ wage Welsh . 

M Newcastle 

0-838 

0048 

0-041 

0*049 



1-020 

8241 

148.13 

82-41 

14 983 

0*821 

0*053 

0*057 

0*038 

... 

... 

1*017 

8220 

14796 

82-20 

14*945 

irbon * . , . 

100 

... 

... 

... 

... 

8-6PT 

1*000 

8080 

14541 

8080 

14-691 

'*L: 

Scotch . 

*. lierbyshire 
«» Lnncashlre 

0•78^ 

0-056 

0-097 

0*040 



0973 

7861 

141.50 

78-61 

14*292 

0-797 

0 049 

0 101 

0-026 


... 

0-966 

7733 

13919 

77 33 

14-060 

0*779 

0-0.S3 

0*095 

0*049 



0-955 

7717 

13890 

77 17 

14 031 

*T: 

kUa-> 
dried . . . f 
’'trago air.dried 

0*60 

0*060 

0807 

0-020 

... 

... 

0-694 

5640 

10152 

56-40 

]0“i54 

0 461 

0*046 

0*246 

0-015 

0*232 


0*526 

4250 

7660 

42-50 

7 727 

8*100 

>OD; 

age dried } 
at 1400 c .1 
'eragealr^irled 

0-503 

0*061 

0407 

... 

... 

.•* 1 

0-.551 

4455 

8029 

44*55 

0*404 

0*049 

0-327 


0-200 

... 

0 439 

3547 

6385 

85*47 

6-449 

«omcOxi0* . 

0*43 

... 

0*57 


... 

057 

0214 

1731 

3116 

17-ai 

8*129 


3i 2 
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The numbers In column 7^ am obtained by dividing those in column 5 by lou » 
those ’in column 6 by 180, upon the assum^ion that equal quantities of heat are 
requisite for raising the temperature of jp pts. of water y degrees, or y pts. of water x 
degrees. Thus the heij^ generated V perfect combustion of one pound of carbon 
would fee sufficient to raise the temperature of ^080 pounds of water from 4® to 5^0 
or of 14, 644 pounds from 40® .to 41® F. or of S0*8 pounds of water from the freezing to 
the boiling point : 

Quantity of Inoreaae of Quantity of Increase of 

water. temperature. water. temperaturo. 

SOSOlbs. X 1°.C. - 80-81bs. x 100° C. 

or 

Quantity of .Increase of Quantity of Increase of 

water. temperature. water. temperature. 

14,544lbs. K 1®F. - 80*8lbe x 180® F. 

This assumption is not strictly correct, since the specific heat of water increases 
slightly as the temperature increases beyond its point of greatest density ; but the ap- 
proximation is sufficiently near for ordinary calculations. 

The numbers in column 8 are obtained by dividing the numbers in column 7 by 
6*6, on the assumption tliat the quantity of heat requisite to convert water at tlie 
boiling‘point, into steam under the ordinary atmospheric pressure, is 6*6 times as much 
as would be requisite for raising the temperature of the same weight of water from the 
freezing to the boiling point. 

Whatever mode of expres-sing the calorific power af fuel may be adopted, it must bo 
remembered that the results obtained by any ^ the above formulae are to be considered 
merely as representing the relative quantities of heat generated by the combustion of 
equal weights of the fuel and of the standard with w'hich it is compared. Tlje results 
so obtained do not represent either the relative value of fuel, or the thermal effect 
capable of being produced by its combustion. 

The thermal e f f e e t of fuel, or the temperature of the fire, does not depend solely on 
the calorific power or the amount of heat generated by its combustion ; bat likewise 
on the quantity and nature of the products resulting from the combustion. 

The total heat generated bjr the combustion of any fuel, is communicated to the 
products of combustion, which m all ordinary cases are gaseous, producing in them, at 
the moment of combustion, a temperature determined, partly by the calorific power of 
the fuel, and partly by the nature of the products of c^>mbustion. Thus, for instance, 
taiting the simplest case, carbon requires for its combustion to carbonic acid, 2*67 times 
its weight of oxygen, producing 3*67 times its weight of carbonic acid, the tempersitiire 
of which is raised, at the moment of combustion, above the original temperature of 
the oxygen, by the diffusion of the heat generated throughout the carbonic arid pro- 
duced. The quantity of heat generated by the combustion of carbon is capable of 
raising the temperature of a quantity of water equal to 8080 times the weight of tlie 
carbon burnt, from 4® to 6® C., and would raise the temperature of a quantity of watt-r 
equal to the weight of the carbonic acid, produced about 2202® C. 

Farts by weight Increase of Increase of Farts by weight 

t of water, temperature. temperature. of water. 

, v - 8080 X i® C. - 2201'^ *63 0. x 3*67 


Bht since the specific heat of water, or its capacity for heat, is much greater than 
that of carbonic aci^ the increase of temperature in the carbonic acid produced by the 
combustion of carbon, is proportionately greater than the increase of temperature 
would be produced in a quantity of water equal to 3 67 times the weight of carbon 
burnt. ^ . 

iTbe qnantitiefi of hc»t requisite to produce an equal increase of temperature m 
weights of cajdx>nic acid and of water being in the proportion of 0*2614 : » 

the quMoties of heat requisite to raise the temperature, of 3*67 pts. water and 3*07 
l^^^^rbsoic acid one degree aie therefore as 

Specific Parts by Specific 

<. welgM of heat la weight of heat In 

wwK heat-units, carbonic add. heat-units. 

8*6| X 1*000 : 3*67 x 0*2164 - 3*67 : 0*7R 

OottMqtUH^ ibe inerease of temperature in the 3*67 pts. of carbonic acid, to which 
by the combustion of 1 pt. carbon is communicated, at the 
of cd^buit^/ be asceitaiued by dividing the number beA^-Anits 

^t[^h wises the tempewture of the S'fiT pts. carbonic acid one aegree . 

34,462 times the 
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from 4® to f C. ; but hydrtjgon requires for combustion 8 times its weight of onyKon. 

I'he quantity of heat general is 
}„uch greater than inlhe combustion of carbon ; but the product of combustion through 
which that h^t i» diffused is nearly 2, times as much as in the combustion ofan 
equal weight of carton. A potion of the heat generated by the combustion of hydro, 
gen, becomes latent Md incffectiye for increasing the temperature of the nroduct 
being consumed in detenniuing the vaporous condition of the water product The 
latent heat of water, or the quantity of heat requisite to convert 1 pt. of water at 100® C 
into steam, is 537 times^ as much as is requisite to raise the temperature of an 
equal weight of water from 4® te 6® C. The quantity of heat that becomes latent in 
the 9 pts. water-vapour produced by combustion of hydrogen, will therefore be 4833 
heat-unitflw which must deducted from the total heat generated, in order to ascertain 
the quantity of heat available for producing increase of temperature. 

Parts by weight of 
water-vapour. 

heat of combustion of liydrogen 

Latent heat of water in hcat-units 9 x 537 

Available hwt . . 

The specific heat of water-vapour being 0-475 as compared with that of water 
= 1-000, the quAntities of heat requisite to raise the temperature of 9 pts. water and 9 
pts. water- vapour are therefoite as : 


Heat units, 

. 31.102 

4,S33 
29,029 


Parts l>y 
weight of 
water. 

9 X 


Specific 

heafin 

hoat-units. 

1*000 


Parti by 
weight of 
water-vapour. 

: 9 X 


Specific 
hoot in 
heat-units. 
0-476 


4*276 


And the increase of temperature produced will bo 6930® *7 C. : 


4-^6 


0930® -7 C. 


Hence as will be seen from the following comparison, flicrnml effect and calorific 
power are not necessarily equal ; but, on the contrary, tin* thermal effect depends upon 
other circumstunoes, more than upon the calorific power of tlio fuel burnt. 



Weight. 

Weight 

oxygen. 

Ratio. 

Weight 
of pro. 
duoU . 

Ratio. 

Hc.it 

units. 

1 

Itltio. ; 

i 

^ 1 

Tlicnnal 

effect. 

Ratio. 

Ciirbon 

1 

2-67 

I 

3-67 

1 

8080 

1-000 

10174® 

1-000 

Hydrogen 

1 

8 

3 

900 

2*4 

31462 

4-265 1 

0930® 

0-081 


In both these instances, the (Combustion is siqiposed to havej)e(m (effected in oxygen, 
Hiid with only just as much as is chemically equiTalont to the carl >011 and hydrogen 
I'unif, But in all cases of the application of fuel, atmospheric air is the source of the 
oxygen that supports the combustion. The nitrogtm it contains, in the pi-oportion of 
77 per cent., not only takes no part in the genenition of lieat, but, on the contrary 
reilucps the thermal effect below what it would be by combustion in oxygen. 

In the combustion of carbon in air, the quantity of nitrogen in air containing 2*6 
I'ts. by weight of oxygen is 8;94 : 


Atmospheric air. 

O N 

23 : 77 - 2-67 : 8*94 


The specific heat .of nitrogen being 0*244, the quantity of heat requisite to raise fh< 
temperature of that quantity of nitrogen from 4® to 5® C. is 


Parts by weight Hent- 

ofnitiogert. unit. 

2*181 « 8*94 X 0-244 

And, adding to this the quantity of heat requisite to raise the temperature of Ihe 
Iwnic acid produced, as found above, the quantity of heat requisite for raising thi 
temperature of the whole products of combustion in air from 4® to 6® C. will be 


Hent-uniti* 
2*975 » 


2-181 + 0-794 


And the inereaao of temperature produced will be ^ 

8080 total heat of eomtoetjoB, 

” '976 ” quantity of heat leqnisite to 

In the comhimlihilh of hydrogen in air, the fiitr^^n in 

8ptg.ofoxyg*»;^{^ - - 
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Almoipherte a(r. 

^ 9 

ae-78 : 8 - 77 : 28 

the quantity of heat leqaisite'to iuiae its temperature from 4° to 6^ 0. is: 

^ ‘ Heat-uelti. * . 

< 6fi34 = 26-78 X 0>2.44 

And the i^cr^ittie of temperature prodtic0d ^rill be 

2711® C «i 29629 _ available heat of combustion^ 

• *“ 4*275 + 6*634 “ quantity of boat requisite to heat the prodSa 

i and nitrogen from 4® to 6® C. 


^ The difference between the temperatures capable of being produced by the combus. 
tion of carbon and hydrogen in oxygen and in air is in both cases very considerable* 
but it is much greater in the case of carbon, since the amount of heat generated by its 
combustion is much less than that generated by liydrogen. 



This compju’ison will suffice to show that, in all cases whore high temperatures are 
required, it would be a great advantage to have an available means of increasing the 
amount of oxygen in the air supporting combustion; and that, in such cases, a ver}' 
great saving of fuel might bo cffi^cted by the nse of oxygen, or of air contaiiiing a 
larger amount of oxygen than is present in atmospheric air. 

There is another circumstance which influences the temperature capable of being 
produced by the combustion of fuel, and renders it less than vx-iild be indicated by the 
above calculation. In the combustion of fuel in a furnace, the c iiditioiis are sueli that, 
while at the outside the fuel is in contact with atmospheric air, there is within the 
furnace, a constant tendency to the production of an atmosphere consisting of carbonic 
acid, water- vapour, and nitrogen. To maintain the combustion of fuel, it is ne<‘ossary 
not only to keep up a continual supply of air, but also to remove the gaseous product 
of combustion as they are formed. This is generally done by means of a draught, 
proauced by a chimney; but, in any case, the gaseous products of combustion become 
mixed with the fresh supply of air, and exercise a great influence in reducing its efficacy 
in supporting combustion (i. 1101). Hence it is necessary to maintain an excess ef 
oxygen in the atmosphere surrounding the fuel within the furnace, and, for this pur- 
pose, the quantity of air supplied must, in all ordinary cases of the use of fuel, bo 
greater than that containing just enough oxygen to produce carbonic acid and water 
with the combustible^ constituents of the fuel burnt. In practice it is generally con- 
sidered that the quantity of air requisite for the perfect combu.stion of fuel in ordinary 
furnaces, amounts to fwice as much as that containing oxygen enough to convert its 
combustible constituents into carbonic acid and water. 

In this way, the quantity of the products of combustion, through which the heat 
generated is distributed, is nearly doubled, and there is consequently a proportionate 
reduction of the temperature produced. In the case of enrbon burnt with twioe as 
much air as wotild be suflficieDt theoretically for its conversion into carbonic acid, the 
gaseous products of combustion would amount to 24*22 times, the weight of the 
carbon burnt, and in the case of hydrogen to 80*66 times tlie weight of hydrogen burnt 


Carbon 


1 


Parti bjr 
weight 
of atr. 

. 83*22 


Volnme of air 
at 60° F. per 
pound of fuel, 
cubic feet. 

. 303*30 . 


Part* hy 
weight of 
gateoui 
product*. 

24*22 


flyd^en . . . 1 . . 79*66 . . 908-62 . . 80-66 

The specific heat of air being 0*2377, the quantities of heat requisite for raising 
the temperature of these additional quantities of air from 4® to 6®, and the tempera- 
tures jroduced will be : 


Combustion of Carbon* Combustion of Hydrogen. 

' 11-61 X 0-2377 and 8-2672 - 84-78 _ x 0-2877. 

8080 . - n reno 29629 . • 

* 8'«76^' ““ 8-2672 X 10-8055' 

be evident that the admission into a fiimace, of nimre lur than is 
" W a .proportionate waste Of heat, and that it is desirabla 
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ilw»y« to wmbugtion wth the least sufficient, supply of air. If the air be forceil 

into the by means of « fan or blast-pipe, as in a f^. fuel n ay 

nittch less air than yrhen it is drawn in by means of a chimnet . 

ewBomy of the heat ^neratcd. This economy may be effected ^ a t 

Sh fttrf which contains but little volatili*ible suSnce ‘ 

The general formute for .iscertaining the thermal effect of any kind of fuel &om it. 
composition are as follow : ^ 

For Contbustioii irr Oxvm n. 

T * ^ ^ / W ■ 

a*67 C + 911 + 8’^ 


T - 


ror i.onibmtion in Air. 

C + </ }{ ^ IW 


B . 3'67 C + 911 + / W + F 


- r B A 

Here T ~ increase of temperature prodtiecd by combustion. 

^ “"thffuri hydrogen available in 1 pt, by weight of 

W = total quantity of water yielded by ,I pt. by weight of the ftiel 
I « latent heat of water. 

a, s'" = specific heat of carbonic acid, water-vapour, nitrogen, and air 
c and 0 — calorific power ot carbon and hydrogen. ° 

N = quantity of nitrogeii in air necessary for converting combustible consti- 

tuente of 1 pt. by weiglit of fiiel into carbonic acid and water. 

A = extra quantity of uir supplied for combustion. 


The results obtiiined by these formulge apply only to the perfect combustion of the 
combnsUblc constituents of fuel into carbonic acid and water ; and they express the 
highest possible capabilities of fuel as compared with pure carbon, and when burnt 
under the most fayoiirable conditions. 

Jhit in all ordinpy cases, the practical effect obtainable from fuel is much less than 
its relative capability us indicated liy calculation. This is the case whether the effect 
1o he produced be high temperature or vaporisation ; and, in some cases, the practical 
effect may amount to only a small fraction of the calorific 210 wer or the thermal 
effect. 

(.)ne of the most obvious, though by no means tlie most considerable, causes of the 
difference Vx'twcen the relative capability of fuel and tlie jiracl ical effects, con,si.KtH in the 
waste of fuel as dust and cinders. With some kinds of fuel that are V(‘ry brittle, sueh 
as anthracite and some of the Welsh steam coals, the waste due to thi.s character may 
he very considerable, especially if the firing is improperly managed ; but with care and 
with some kinds of fuel, the waste of fuel as dust and cinders may bo very small. 

Another cause of loss is inqiorfect combustion. This may be due to an iiisuffieient 
sn|>i>]y of air, and the consequent production of carbonic oxnh'. At a snlTicieiitly high 
teiii|u ratiire, carbonic acid combines with a further quantity of carbon, e(|Uiil to tliat 
which it contains ; but this combination is essentially different from the direet combi- 
nation of carbon with oxygen. Though thero is a true chemical change, it is not com- 
hiishon, but is more analogous in its effects to the vapwrisatioii of ice by superhealed 

ini. Instead of heat being generated, it disappears, and the loss of heat, resulting 
Iroiji this action may be very considerable, aince the heat generated will only be that 
corivsponding to the lower calorific power of carboin Thus, for example: 


The bout generated by the combustion of carbon to ctirbonic acid is . 

« hue the heat generated by the combustion of twice the weight of csirbon 
to carbonic oxide is 

1/j.s.s of heat by production of carbonic oxide 

This action will always take place, to some extent, when fuel is burnt in thick 
•'.vors, and when it is burnt very rapidly in confined spaces, us in the furnace^J 0 / 

. ^"ip(*rfect combustion may also result from the presenoe of vnlatilisablc substance 
fuel. When fuel containing water, or volatilisable combustible substance, is first 
tlirown upon a fire, heat is abstracted from the fire by the production of steam and 
tiyd^earbon vapours. The temperature is thus considerably reduced. In the case of 
^ood, more than three-fourths would be thus vaporised, and in the case of 
ordinary Newcastle coal, more than one-third, the vapur so given off from WjM^rbeing 
cQiefly watex, and tl^at from tbe c6al eousisting chiefly of hydi^rbopias- 
t^low; 


Heat-iinita. 

8080 

I 4948 

■"3134 



72d FUEL. 

One part by weight of Wood. Coal. congofltloa. 

yields raporisable C . *1853 *2522 24^38 64‘l'b 

H . *0083 *0460 MO 11*80 

HO . *5674 *0638 73*40 1620 

N, &c. *0090 *0313 MO 7.90 

•7700 *3933 iOO^ 10(?ob 

Caloiific power in heat units . 1784 3623 

If-^the temperature in the furnace is safficionlly high, and these vapours are mix^i 
with a sufficient proportion of atmospheric air, they will be burnt; but if the volat r 
sable p^rtipns wen5 not burnt, the loss of calorific power would be in the case of woaa 
more than one-half, and in tlie case of coal nearly one-third. 

When these hydrocarbon vapours burn, or come in contact with highly lieated fn,.] 
they are immediately decomposed, with separation of carbon in a very tine stuto'of 
division ; and if the temperature of the atmosphere within the furnace, be iiiHuffioiojit 
to determine the combination of the whole of this carbon with oxygen, some of it 
escapes imburnt, producing smoke and soot. In a flame of this kind, which hums 
without smoke, the deposition of unburnt carbon is immediately effected by redueiiig 
the temperature of the flame, as in holding a piece of cold metal in a gos-flamo. ' 

Then since the combustion of these vapours in a boiler furnace takes place just as 
the burning vapour is passing away from the fire, along the surface of tlio boiler 
towards the chimney, the abstraction of heat may be sufficient to reduce the tempera- 
ture of the mixed gas below the point at which it would be capable of effecting tlio 
combustion of the suspended carbon. The carbon tJius eliminated by the dec()m|X).si- 
tion of the hydrocarbon vapours, and that prevented from being burnt in conspquena. 
of the cooling of the burning gas, is pertly deposited as soot, and paj’tly swi-pt away 
mechanically by the gaseous products of combustion, giving rise to smoke. 

The tendency to the production of soot and smoke in the combustion of fuel contain- 
ing volatilisable substance will be greater in proportion to the amount of volatilisablc 
substance in the fuel, and more especfially in proportion 1;0 tho amount of carbon in th.i 
vapour produced. In the case of Newcastle coal, the amount of carlx)n in the rapour 
is nearly three times as great as in the vapour from wood, and it is also in a condition 
litoly to give rise to elimination of carbon. 

This production of soot and smoke involves a corresponding loss of heat, and to 
prevent this loss, provision must bo made for supplying a sufficiency of air for effoctin{» 
the perfect coAbustion of the vaporous products, without reducing the temperature of 
tho atmosphere in the furnace. This is generally done by introducing air through the 
furnace-door, above tlic fire, and at the back of the fire, so us to become heated before 
mixing with the vaporous products. Mechanical arrangements for supplying the fiu'l 
in continuous small portions to the furmice, have also Icon used with the same objeef. 

The possible waste of heat resulting from tho presence of volatilisable combustihlo 
substance in fuel, may be judged of by comparing the calorific power of Newcastle eoiil 
with that of the fixed carbon it contains. The average of Newcastle coal contains tiO 
per cent, of fixed carbon, so that if the coal be burnt in such manner that ouly this 
portion of it is effective in generating heat, its calorific power might be rc'garded as 
0*60 as compared with carbon. 

But this coal contains 82*12 per cent, carbon, and 4*60 per cent, available hydrogen; 
consequently its calorific power is 

*8212 + (*046 X 4-265) « 1*017; 

and if the volatile products were not burnt at all, the waste of heat would amount to 
four-tenths, and if only tho carbon of the volatile products remained unbumt, the waste 
would amount to nearly one-fourth. 

Tho extent to which heat may be wasted in consequence of imperfect combustion 
from this cause, and the liability to the production of smoke and soot in the case of 
different kinds of fuel, may be seen from the following table : 



Welsh 

coats. 

Average 

wood. 

Peat. 

Lancashire 

coal. 

Derbyshire 

coal. 

Newcastle 

coal. 

Scotch 

coal. 

Total carbon 

S3’78 

40*36 

GOO 

77 90 

79 68 

82*19 

TH.'iS 

Amount of carbon volatillRed 

]5t)9 

18*a3 

190 

22*»6 

21*01 

28*22 

28 34 

„ „ available hydrogen 

4*27 

0*83 

1*0 

4 13 

3'6H 

4 60 

4-40 


Whenever fuel is employed for generating steam or for analogous purposes, it is 
desirable to effect perfect combustion as far as possible ; but there are some applit'^^' 
tiona fuel in metallurgical opewtions, where it is advantageous to have a highly 
wboniusOdtvi^ame, and where this is of greater importance than obtaining the full 
^ Thus, for instance, in the manufacture of malleable iron, it 
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if, noceaflaiy that tx)dy of flame and heated gaaos passing through the wtckinff 
chamber of the puddbng^ace, should not ^ntam free oxygen in su&cient quantity 
tooxitlise, or, aa it is technicaUy termed, to “cut*’ the metal. ^ ^ 

Besides the aetual loss of heat in consequence of imperfect combust ion, and in other 
rm large portion of the heat pnerated by the combustion of fuel is always con- 
Burned in producing tlio draught by which the products of combustion are rmoved 
fnan the furnace, and the fresh supply of air maintained. This portion of the heat 


frtim ine — r-rrv jl ms portion ot the heat 

is not available under ordinary circumstances for producing any other useful effects 
The amount of heat so consumed vanes according to the nature of the protlucte^of 
combustion, and according to the use to which tlie fuel is applied. In every case the 
whole quantity of heat corresponding to the temperature at wliieli the gaseous pro- 
ducts of combustion are discharged from the place where the heating effect is to 
i.roduccd, is ineffective. 

In Imiler furnaces it has been found that, to maintain a sufficient draught by means 
of !i cliinmey, the temperature of the gaseous products of combustion must not be 
reduced below 315° C. For example, the amount of heat thus consumed in the two 
extroine cases of the combustion of carbon and of hydrogen in twice as much air as itt 
necessary for their conversion into carbonic acid and water vapour, will be : 


Parts by Quantity of heat = 
weight, products ♦,! 
of comhuRtlon. 


Curlmn 

Hydrogen 


= 24-22 

= 80-56 


Heat units. 

5-735245 

19-076526 


Teinperaturc 
of products. 

316° 

315° = 


Iliat 

uiiit.s. 

1807 

6015 


The amount of heat which thus passes away witlioiit producing its desired effect, will 
be proportionately greater as the temperature at which the products of combustion ])ass 
to the chimney, is higher than 315° C. ; but it may be assumed that the minimum con- 
sumption of heat in producing a draught by means of a ohimtuy, amounts in round 
numbers to onc-fourth of the available heat generated. AVhen the combustion of fuel 
is effected in this manner, its practic.al effect for heating and evaporation will therefore 
be only three-fourths of the capability indicated by calculation. 

If the perfect combustion of fuel could be effected in boiler furnaces, with no more 
air than sufficient for converting its combustible constituents into carbonic acid and 
water vapour, the loss of heat from the circumstance just mentioned, miglit ho reduced 
to oiie-ljalf what it is when fuel is burnt with double that quantity of air. By using 
u f:ni-blo\ver to drive the air into the furnace, instead of drawing it in by means of a 
(hinnicy, the economy of heat might be carried still further, inasmuch ns the gaseous 
produets of combustion at, or even below, 315° C., might then be ein[)loyed for healing 
jiurposes, to which they cannot be ap>plied when the heat they contain is required to 
[•rod HOC a draught 

In reverberatory furnaces, the amount of heat which passes away in the gaseous pro- 
fUicIs of combustion is very much greater than it is in boiler or evaporating furnaces, 
in consequence of the much higher temperature generally required to be maintained in 
tliose furnaces. 

In tlie manufacture of malleable iron, the temperature at wlilch the iron is required 
to be kej)t in puddling furnaces is about 1650° C. At that high temperature, llic dis- 
persion of heat by radiation and conduction is so great, tliat it is necessary to keep up 
<'1 rapid current of heated gases through the working chamber of the furnace and a 
pq-id comhnstion of fuel to maintain the temperature required. I>y the heating of the 
iron, the atmosphere in the furnace is rapidly brought below this tannperature, and 
ninst be constantly replaced by fresh portions of gaseous products of combustion, 
luated above that temperature. It is only the heat corresponding to the difference 
between the temperature of the iron and the Iiiglier temperature of tlie atmosphere in 
the furnace, that is available for heating or for maintaining the temperature of the iron. 
The circumstance that the specific beat of iron is not mwdi more than half as great as 
|bat of the atmosphere in the furnace, favours the heating of the iron ; but, in an^ case, it 
i» only part of this available heat that is really effective in raising or maintaining the 
binperature of the iron. The higlier the temperature of the iron, the smaller will bo 
tbe effi>otive portion of the available heat, because, as the temperature rises, the disper- 
sion of heat by radiation and conduction increases very considerably. Mr. Prideaux 
iias estimated that even when the iron is first put into the puddling furnace, and with 
the furnace atmosphei*e at a constant temperature of 1815° C., the effective portion of 
die available heat is not more than one-half of the whole, and that wmd the tempera- 
ture of the iron is 1370° C., less than one-eleventh of the whole is effective. In fur- 
1 aces where welding heat is required, the amount of heat that is effectife is still le^ 
being more than onc-sixty-fourth of the whole heat generated, the semaniing c 
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parts beii^ wasted. By increasing tlie temperature of the atmosphere in the fum 
aiid the difference between that temperature and the temperature to be maintained^ 
the iron, so as to increase the rate of heating, a great economy of fuel may be effect 
becaus^ in that case, a greater amount of the available heat becomes effective. Th^' 
Mr. Frideaux shows that, if the atmosphere in a furnace, where a welding heat^ 
required, be maintained at a temperature of 2089° C., one-sixteenth of the heat gen^ 
rated will be effective instead of only one-sixty-fourth. In this case, an increjwc ^ 
temperature amounting to one-eighth is attended with a four-fold economy at 

B. H.p. 

nr&Xint’IBi Walkerde. WalktHon. — An argillaceous deposit occurring 

in connwtion with the chalk, oolite, &c. It is earthy, with a shining streak ; grec^ 
ish-grey, oil-green, white, yellowish, reddish or red -brown. Specific gravity » 17 
2*4. It feels either greasy or harsh ; adheres a little to the tongue ; falls to pieces in 
water. It is found at Nutfield near Keigato in Surrey ; near Maidstone in Kent 
Woburn in Bedfordshire ; at Vahls near Aix-la-Chapelle, Rosswein in Saxony, Zwi- 
kowetz in Bohemia, and elsewhere. (Dana, ii. 604.) 

The term fuller's earth was originally confined to a sandy argillaceous earth met 
with in the upper part of the stratum just mentioned, on account of its use in fuUina 
or cleansing cloth, when first woven, from grease and other impurities ; but it is now 
extended to the entire formation to which this earth belongs. (See Ure's hkiiomru of 
ArtSf &c. ii 307.) 

rv&MZSrATB8. C^NWO* (M denoting a monatomic metal).— This name is 
applied to a class of salts polymeric with the cyanates and cyanuratos, but diKtin- 
guished from them by the property of detonating violently when hwited or struck. 
Howard first showed (Phil. Trans. 1800) that nitrate of mercury or nitrate of silver 
heated with alcohol and excess of nitric acid, yields a peculiar, crystalline, easily 
detonating precipitate, viz. fulminating mercury or fiihmnatwg silver ; but thocom- 

E osition of those precipitates remained unknown till 1824, when it was discovered by 
liebig (Ann. Ch. Phys. [2] xxiv. 298; Ann. Ch. Pharm. xxvi. 646), whose deter- 
mination was afterwards conflmed by Gay-Lussac (Ann. Ch. Phys. [2] xxv. 286). 

Fulminic acid, or fulminate of hydrogen, has not been obtained ; and tlie only fulmi- 
nate of which a satisfactory analysis has been made, is the silver-salt, which, aceordmjj 
to Gay-Lussac and Liebig, contains 7*92 per cent, carbon, 9*24 nitrogen, 7219 silver, 
and 10*66 oxygon, agreeing with the empirical formula CNAgO, which rt‘<juircs 8 (Ki 
carbon, 9*33 nitrogen, 72*00 silver, and 10*67 oxygon. This is the fomula ofeyunate 
of silver. But there can be no doubt that the formula of fulminate of silver is a 
multiple of this, and most probably C*N*Ag*0*: for, in the 61*81 [ilaco, the fulminates aro 
formed by the action of nitric acid and a nitrate on alcohol, which is a 2-carl)ou (im- 
pound ; secondly, many of the reactions of the silver-salt show that ono-half of tlie 
silver is in a diferent state from the other half ; and thirdly, several double fuhiiiiiab s 
are known, including a fulminate of silver and hydrogen, C^N’-^AgHOl Hence Gay- 
Lussac and Liebig assigned to neutral fulminate of silver the formula Cy-Ag'O*, pup' 
posing it to be derived from a dibasic fulminic acid, Cy’^H'^O*. This view is supported 
by the fact that in many reactions of fulminating silver, hydrocyanic acid is 
produced. 

Berzelius {Berst Jahresber, xxiv. 89) supposed that the fulminates contain s 
metallic nitridCj e. g, fulminating silver « AgO.AgN.C*NO^, this mode of repr^enta- 
tion being intended to afford an explanation of the fact that, in many reactions of 
fulminating silver^ only half the silver is separated ; also that fulminate of silver and 
potassium, KO.AgN.C*NO*, detonates as strongly as fiilininating silver itself, the det(^ 
nation in either case being attributed to the sudden decomposition of the compound 
AgN, 

The fbrmation of the fulminates by the action of nitric acid upon alcohol, together 
with their explosive properties, induced Laurent and Gerhardt {Precis de Chime 
organique^ ii. 446) to regard them as compounds containing nltryl, a radicle 
which is frequently introduced iiito organic molecules by the action of nitric acid, and 
almost always imparts to them more or less of an explosive character ; they accord- 
inrfy represented fulminating silver by the formula C*N(NO*)Ag*. 

This view of the composition of the fulminates receives strong confirmation from the 
recentexperimentsof Eekul6(Ann. Ch. Pharm. ci. 200 ; cv. 279), and of Schischkoff 
{ibid, cL 213), which have shown : 1. That fulminating mercury, treated with chlonpCf 
or with hypochlorite of calcium, yields chloropicrin, a compound certaihly containing 
the radicle nitryl, vi*. C(NO^)01* (i. 923) ; and with bromine, it yfdds dibrammiitrace- 
tonitrile, WNO*)Br*N, or bromopicrin, C(NO*)Br*, accor^g as the 
mercuiy or trie bromine is in excess. — 2. Fulminuric or i80<granupic add, * 

compound produced by the action of alkaline chlorides or iodides on ftdmmatu^ 
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mercoty (p- 738), cUoropicrin when treated with hypochlorite of calcinm, 

,nd trinitracetomtrile, C»(NO ) N, when treated with strong; nitric acid. Schischkbff 
lias also observed that when same acid is decomposed by zinc in presence of a 
mineral acid, the hy<lrog;en eliminated from the latter is almost wholly absorbed. 
This reaction, together with the explosive character of the ftilminurates, also points to 
the existence of an oxide of nitrogen in these compounds ; and this being the case, the 
mode of formation of fulminuric acid shows that the nitro-compound must also exist in 
fulinioio acid. 

Kekul^ assigns to fulminic acid the formula C(N02XCN)H2 or C(N0*)CyH2 which 
amounts to supposing: 1. That half the carbon and half the nitrogen in iulminic 
acid are so arranged as to yield cyanogen-compounds under the influence of certain 
roa'»ciits.— 2. That the remaining half of the nitrogen exists in fulminic acid in the 
panic form as in the sO-called nitro-compounds. This view is in accordance with the 

following reactions; ^ 

i‘ijlmmating mercury, suspended in water and treated with clilorine gas, yields 
cliloropicrin, gaseous chloride of cyanogen, and chloride of mercury, without any evo- 
lution of carbonic anhydridCj according to the equation : 

C(NO*)CyHg" + 6C1 « C(NO»)CP + CyCl + Hg'CP. 

Fulminating mercury treated with sulphydric acid yields sulphocyanato of ammo- 
nium and carbonic anhydride : 

C(NO=')CyHg'' + 2H2S - Hg”S + Cy(NH^)S + CO*. 

According to Kekulii’s formula, fulminic acid belongs to the same typo as marsh- 
pas, and exhibits a veiy close analogy with the bodies in the following series 
LN0-' = X]: 

Marsli-gas CH H It H. 


Cliloride of Methyl . 
Chloroform • * • 

Kitroform 
Chloropicrin 

Chloride of Dinitrometliyleno 
Acetonitrile . • • 

Trichlonicetonitrilo . 
Trinitracotonitrilo 
Dibromonitracctonitrile 
Fulminating Silver 
Fulminic acid . 


CHH II Cl* 
CH Cl Cl Cl. 
CH XXX. 
CX Cl Cl Cl. 
CX X Cl Cl. 
CH II H Cy 
CCl Cl Cl Cy 
CX X X Cy 
CX Br BrCy 
CX Ag AgCy 


^ C*H»X. 

: C*CFN. 
C*X*N. 
C*XBr*N. 
C'-'XAg^N. 


CX H H Cy - C'Xira. 


According to these formulae, the compounds to which fulminic acid is most intimately 
r«?lated are chloropicrin and acetonitrile ; its formula is in fact the same os that of 
inoiionitracotonitrile. 

'file fonnation of fulminic acid by the action of nitrous acid upon alcohol may be 
e^xplained as follows. On the one hand cyanic acid is formed : 

C*II‘‘0 + N*0» « 2CNHO + 2IPO ; 

on the other, nitro-acetic acid ; and these two compounds by their mutual action pro- 
duce fulminic acid : 

CO* + IPO. 


C*H»(N0*)0* 


CNHO 


C*H*(NO')N 



O’anic acid), while, at the salne time, cyanogen and mercury are present and ready n 
take the place which the chlorine occupies in cliloroform, the strong nitric ®®^d h*®* 
vise introducing the group NO*. In fact> fulminating mercoiy might be regarded as 
nitrated chloroform in which 2 at. Cl are replaced by mercury and one by cyanogem 
fhis view receives some corroboration from the fact that the analogous coinpoun<^ 
chloropicrin, is produced by adding chloride of sodium to a mixture of alcohol and 
strong nitric aci<f , j, r i • • -a 

, Schischkoff (Compt. rend, li* 99) doubles the preceding formula of fulminic acid, 
hut otherwise agrees with Kekul6 in supposing that it contains both cyanogen and 
uitryl : 

« C*(NO*)*H'Cy*. 

According to this formula, the acid may be regarded as deriv^ from 
hy the substitution of cyanogen for oxygen (Cy* for 0), and of 2 nitric 

hydrogen. Schischkoff father supposes, that when alcohol is acted upon b> nitnc 
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(NO®)* isoliited), and hydrocyanic acid are formed, 

and produce fulminic acid by their union : 

C*(NO*)*H* + 2HCy » C*(NO*)*H<Cy» 

In like manner, a ftilminate may be regarded as a compound of a metaH 
cyanide with dinitroethylene in which the hydrogen is replaced by an equivalrM 
quantity of a metal : a view which accords with tlie fact that in the dolilde d',' 
composition of fulminates, c.y. of the silver-salt by potash, only half tJio in» tal is 
separated. ^ 

Schisohkoff formerly regarded fulminic acid as a compound of 2 at. cyanic acid ii, i 
1 at. nitracetonitrile = (CHNO)*.NC^(NO®)H* (Ann. Ch. Pbarm. ci. 21.3; Gm. xii 
6dl). — [For Gentele’s views of the constitution of the fulminates, see J. pr. Clmm 
Izxxiy. 101 ; R4p. Chim. pure, 1862, p. 196.] 

Volminate of Copper is obtained in green crystals, very slightly soluble in boiling 
water and highly explosive, by boiling fulminating mercury with water and coppor 
and filtering the hot liquid, ^le.n fulminating silver is used instead of the morcurr^ 
salt, a greenish-blue powder is obtained, less explosive, and likewise very slightly 
soluble in water, forming a sky-blue solution. 


Fulminate of Copper and Ammonium^ C'N* | | 1 0*. — Formed by mixing a solu- 


tion of fulminate of copper with a large excess of amnioni.a, 1 at. copper being then re- 
placed by 1 at. ammonium. When a stream of sulphuretted hydrogen is passed 
through the solution of this salt, the copper is completely precipitated, and the 
l^tor^ solution is found to contain hydrosulpdiocyanic acid and urea: 


C‘N'CuXNH‘)*0* -I- 6H*S » Cu'S + 2U20 + 2CNHS -p 2CN=H<0. 

The formation of urea from this salt exhibits in a striking manner the close relation 
between the fulminates and cyanates. (Gladstone, Ann. Ch. Pharm. Ixvi. 1.) 

Fvlminate of Copper and Potaesium. — ^By digesting fulminate of silver and potas- 
sium with copper, tne silver is precipitated and a liquid obtained, which is neither 
precipitated by potash, nor turned blue by ammonia, unless it be previously mixed 
with hydrochloric acid. (Liebig.) 

l*alniinate of B jdroffODf or Falmlnlo Acid, does not appear to exist in the 

free state. 

Fidmlnate of Mercury- Mercuric ftdminate. Fulminating Mercury.— Ti\\^ 
salt, discovered by Howard, is produced when mercury or mercuric oxide is heated 
with alcohol and strong nitric acid ; also by boiling fulminating silver Avitli mercuiy 
and water, and by precipitating the zinc-salt with solution of mercuric chloride. 

To prepare it, 1 pt. of mercuiy is dissolved in 12 pts. nitric acid of specific gi’avity 
1’3; and the solution, when col^ is mixed with 11 pts. alcohol of 85 to 88 per cent., 
and the mixture is heated in the water-bath. It then enters into el)ulHtion. and must 
be removed from the fire -as soon as it begins to show turbidity, then hd’t to ooid. 
decanted, and the mercuric fulminate collected on a filter and purified liy reeiy. stall isn- 
tion from boiling water. The mother-liquor yields a fresh quantity by evaporation 
(Chevalier, Ann. Ch. Pharm. xxiii, 167). The reaction by which this compound is 
produced, is attended with the evolution of a white cloudy vapour, the etfureaf mtnms 
gas of the older chemists, containing nitrogen and its oxides, carbonic acid, hydro- 
cyanic acid, aldehyde, acetic acid^ acetic ether, formic acid, formic ether, a Lirge 
quantity of nitrous ether, &c., together with vapour of mercury. The nature and 
quantity of these products varies according to the proportions of the mixture, the dura- 
tion of the action, the degree of heat employed, &c. 

Cloez found in the mother-liquors of the preparation a peculiar acid, cslled'«<w»<^ 
lactic acid (q. v.), resembling lactic acid. 

Mercuric fulminate crystallises in white silky needles, soft to the touch, having » 
sweetish metallic taste, highly explosive, very slightly soluHe in cold, more soluble m 
boiling water, soluble in ammonia. , 

Decompositions. — 1. Ftilminating mercury heated to 186° C., or forcibly strucK, 
detonates with great violence ; the explosion is likewise produced by contact vnni 
strong sulphuric or nitric acid, by a spark fipom flint and steel, or by the electric spark. 
When moist, it may be handled without risk of explosion, but in the dry state it w a 
most dan^rous substance, and all manipulations performed upon it should be con* 
dneW with the greatest caution. 

10 grains of ftilminating mercury yield, when exploded, 4 cubic inches of pennaneni 
gas at 0° C., and 29’5 in. bar. ; but at the moment of explosion this volume is gi^stiy 
augmented by the expansion produced by the heat of the explosion, and by the admixtuw 
of mercurial vapour. The explosive force within a small space is mu^ greater totfi 
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not so well 
: for ppo- 

r a — ^ omru as wiu continue its imnulsivo 

iouon on the projectile dunng the whole time of its passage along the bore of tfe mi^ 
noti’Ticr mercurv is. however, admirablv i.., o""* 


|iolling 



^hich will serve for priming 40,000 caps. (Gerh. ii. 354 ; see also Ure^s DicHonari 
JArtu, &c., ii. 308.) , . . . 

2 . Hot nitne aetd decomposes fulminating mercniy, yielding carbonic acid acetic 
a, id, and mercuric nitrate.— 3. Moderately dilute s?^/pA^^r/V? decomposes it without 
drtoiiation, but with rise of temperature and evolution of gas. In this reaction, 84 
ptp cent, of a white non-detonating powder is separated, apparently a mixture of 
metallic mercuiy with mercurous oxalate (mercurous sulphate, according to Borthollet) 
B'hilst also a small quantity of mercury appears to remain dissolved in the liquid con- 
taining the sulphuric acid. 

4. Aqueou.s hydrochloric acid decomposes fulminating mercury, without any oonsi- 
derahle evolution of ^as, forming mercuric chloride and mercurous oxalate (Howard). 
Aivoriling to Ittner, it produces a large quantity of hydrocyanic acid.— 5. Sulphydrio 
acid converts fulminating mercury immersed in aqueous ammonia into sulphide of 
mercury and hydrosulphocyanic acid (Pagenstecher): 

C*NHIg"0* + 3H2S Hg"S + 2CNnS + 2H=0. 


6. boiling potash-solution separates a large quantity of mercuric oxide, without 
cvoliifioii of ammonia, and yields a filtrate, which, as it cools, deposits yellow detonat- 
ing flakes and needles, probably consi.sting of potassio-merenric fulmmatt>, and forma 
with nitric acid a wliite precipitate, wliich detonates strongly by percussion. Baryta^ 

a laWme behave like potash (Liebig). According to Pagenstecher (Hr. 
.Vroli. vii. 293), potush-ley exerts no action in the cold; when hot, it separates mer- 
furie o.xidc, but the filtrate yields by evaporation, not a detonating salt, but only car 
lonutc of potassium. This ireaction might bo represented by the equation : 

C*N*Hg"0^ + 4KIIO -f H*0 « 2K^CO» + Hg^O + 2NI1>. 

7. A solution of fulminating mercury in warm aqueous ammonia deposits, on eool- 
itijr, y‘‘}low, strongly detonating, granular crystals; but if the solution be boiled for 
pome tiuie, it dei^sits, on cooling, a yellowish white, non-detonating p>ow(ler (Liebig), 
According to Pagenstecher, fulminating mercury dissolves abundantly in ammonia, 
without separation of oxide ; the solution, when exposed to the air, gives off ammonitu 
and hecomes covered with a crystalline cruet of unaltered fulminating mercury, which 
renews itself as often as it is broken. 

8. Finely divided zinc, copper, or silver (the last in contact w'ith platinum -foil), 
Ixoled in water with fulminating mercury, decomposes that compound, yielding 
nictallic mercury and fulminate of zinc, copper, or silver (Liebig). A pasty mixture 
of fulnnnating mercury with pulverised iron and water, moderately warmed, becomes 
Ptroiigly heated, and dries up almost completely to a red-brown mass; this, when 
mixed with lukewarm water and filtered, yields a filtrate which, on evaporation, leaves 

small saline residue containing ammonia ; and on the filter there remains a blaek- 
brown residue which contains globules of mercury ; yields pmssian blue with hydro- 
chloric acid ; and when heated after drying, burns with bright sparkling, but without 
detonation. (Pagenstecher.) 

XhUmlnates of Silver.— 1. The neutral salt, or fxdminatmg silver, C*N*Ag*0®, is 
formed hy heating aqueous nitrate of silver with strong nitric acid and alcohol, the 
eame phenomena and products appearing as in the formation of fulminating mercury 
(p. 732). Neutral nitrate of silver does not yield fulminating silver when boiled with 
aleohol ; the formation of that compound requires the presence of nitrous acid, iniis- 
as cyanogen is thereby produced; when nitrous acid vapour is passed into an 
ttfoholic solution of nitrate of silver, fulminating silver quickly separates in large 
ijfvdles, without ebullition of the liquid (Liebig, Ann, Ch. Pharm. v. 287): 

C»H«0 + 2AgNO* + 2IINO® = C®N»Ag®0* -r 2nNO® -i- 3IPO. 

2. Culminating silver is also produced by boiling fulminating mercury widi water, 
pulvorised silver, and platinum-filings. (Liebig.) . . 

i reparation . — Nitrate of silver is hcat«.*d with alcohol and strong nitric acid till the 
to boil up ; and the crystals of fulminating silver which form during the 

^uilition and as the liquid cools, are collected on a filter, washed with cold water, and 
either in the cold, or ait most at the heat of the water-bath. 
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EowA and Cmckshank dissolro 1 pt. of silver in a mixture of 24 pts, water AnH 
S4 pts. of the stronwst nitric acid, add 24 pts. of alcohol, and obtain 1*5 pt”* f 
ftdmihating silver. Brugnatelli (A. Gehl. i. 665) pours 6 pts. alcohol and the? 
6 pts. fuming nitric acid on 1 pt. of pulverised lunar caustic, and at the proper ti© 
cools the mixture, which boils up and deposits fulminating silver, with wate^to prevent 
the fulminating silver from being decomposed. A c c um recommends 2*5 pts. of frinin » 
nitric acid and 7 pts. of alcohol to 1 pt of nitrate of silver. Descotils (Ajin 
Chim. Ixii. 198) adds the alcohol to the nitric acid as the silver dissolves in it • 
however the alcohol interferes with the solution of the silver, the product is, accordiu.r 
to Liebig, greatly diminished thereby. Wagenman (Gilb. Ann, xxxi. 110) mixes a 
solution of 1 pt. silver in 8 pts. nitric acid of specific gravity 1- 18, heated to 50® op 
, 60° C., with 8 pts. alcohol of specific gravity 0*86 ; heats the liquid again to 50® or 60® 
and adds 4 pts. of fuming nitric acid, which causes foaming and formation of fulmil 
nating silver in quantity at least equal to f of the silver used. According to Liebifr, 
the quantity of alcohol here recommended is too small ; and the liquid b^ecomcs bxl 
hot, whereby the fiilminating silver is decomposed (Liebig). Gay-Lussac and Liebig 
dissolve 1 pt. of silver in 20 pts. nitric acid of specific ^vitjr 1'308; add to the 
solution 27 pts. alcohol of 86 per cent ; lieat the mixture till it boils up ; remove tlie 
liquid, which is becoming turbid, from the fire ; mix it, in order to modordte flie 
frothing, with another 27 pts. of alcohol ; and obtain, after the liquid has completely 
cooled, about 1 pt of fulminating silver. The mother-liquor of fulminating silver is 
green if the silver contains copper, and when evaporated deposits all the copper in the 
form of oxalate; there then remains a liquid containing silver, which, when furl her 
ey^rated, leaves a red salt, easily soluble in water. (Liebig.) 

ihe preparation of fulminating silvej? requires the greatest caution. Capacious 
t4fiaels must be u.sed, so that the liquid may not boil over, as in that ca.se the salt 
• "ilifeht diy on the outside and then explode; all flame must bo removed to a cUstanin!, 
r • ^|ost the' vapours should take fire; and the mixture must bo stirred with wooden rods, 

■■ not with glass rods or other hard bodies. Contact with hard bodies must especially 
be avoided after the preparation is dry. Paper shovels must be used to transfer it, 
and it must he kept in vessels of paper or paste-hoard, not of glass, and fho vessels 
must be loosely covered, as an explosion might ai’iso from tlio friction of glass stoppers, 
Or from pressing the cover of the box to fix it. 

Fulminating silver forms small, white, opaque, shining needles, having a strong, 
bitterish metallic taste, and very poisonous. It is but very slightly soluble in cold water, 
dissolves in 36 pts. boiling water, and sepairates on cooling. It dissolves much more 
freely in aqueous ammonia, and is left behind unaltered as the ammonia evaporates. 
It is used for making crackers and other detonating toys, 

Decompositione. — 1. Fulminating silver gradually blackens when exposed to whltfl 
or to blue light, giving off carbonic anhydride and nitrogen, and leaving a black sub- 
stance, mixed with a small quantity of the un decomposed salt (Liebig). — 2. It ex- 
plodes much more violently than fulminating mercury, by heat, by the electric sparlc, 
by friction or percussion, or by contact with oil of vitriol. A heat of 100° to 130® 0. 
is not sufficient to induce the explosion of dry fulminating silver ; and it does not ex- 
plode by mere pressure, unless the pressure bo very strong. In the moist state, it re- 
quires a much harder blow to explode it than when dry, but it will sometimes explode, 
even under water, by friction with a glass rod. It explodes with peculiar readiness 
when rubbed with glass-dust or sharp sand; also, when dry, with the edge of a playing 
card. It may, however, be rubbed to powder in a porcelain mortar with a cork or 
with the finger (Liebig). When well washed, and then exposed to the sun till it is 
diy, it explodes on the slightest touch. According to Schmidt (Schw. J. xlL 72)(» 
oil of vitnol causes moist fulminating silver to detonate as strongly as the dry 
pound. The light accompanying the explosion, which is most easily seen in the oanC, 
18 reddish-white with a tinge of blue j it is succeeded by a grey vapour having a p^u- 
liar electrical odour. Gunpowder mixed with fulminating silver Ls not ignited by the 
e^losion, but merely scattered about (Liebig). Fulminating silver, mixed with 20 
times its weight of finely pulverised sulphate of potassium, gradually dwomposes when 
heated in a tube, yielding 2 vols. carbonic anhydride to 1 voL nitrogem (also carlwnate 
of ammonia, if moisture is present), and doubtless leaves paxacyanide of silv’er, 
CNAg*; for the residue mixed with cupric oxide and ignited again yields the 
^seous mixture, in about the same quantity and the same proportions as by tb« 
Ignition (Gay-XiUssac and Liebig). Therefore, in the first instance: 

C^N^AgK)* - CNAg* -I- CO« + N; 
fiterwaids, when ignited with cupric oxide : 

CNAg* -H 0» - A^ + CO* -h N. 
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I matnro ^ silver and 40 pta. cupric oxide, when dented, immedi- 

Itely giv®® without detonation, the whole of the carbonic anhydride and nitrogen 
!Lflm the proportion by Tol. of 2 to 1. (Gay-Lussac and Liebig.) 

Fulminating silver thro^ into a bottle filled with cAlonne explodes before it 
jeaches the bottom, and therefore does not burst the bottle (E. Davy). Fulminating 
{.ilvpr, well moistened with water and exposed to a current of clilorine gas, absorbs a 
lore quantity of the gas, turns yellow, and is finally converted, without any formatiou 
of phonic or chloric acid, into cliloridc of silver and a yellow oil, lieavier than water, 
having a pungent odour, attacking the eyes strongly, and having a sharp burning taste 
which almost paralyses the tongue. If the mixture be agitated with water and dis- 
tilled gas is given off before the water begins to boil, and a colourless oil passes over, 
having a somewhat less powerful odour. This oil gives oflf gas under water, is in- 
euiluble in aqueous alkalis, but dissolves in alcohol ; and the alcoholic solution, if 
mixed first with potash, then with a ferric salt^ and then with an acid, exhibits a 
given colour. This oil is therefore related to chlorocyanic oil (p. 282). (Liebig, 
Togg. Ann. xv. 664.) 

4. y/tric acid boiled for some time with fulminating silver decomposes it, forming 
nitmte of ammonia and nitrate of silver. 

5. Dilute sulphuric or oxalia acid decomposes fulminating silver without efferves- 
cnice, forming hydrocyanic acid and ammonia. (Gay-Lussac and Liebig.) 

6. Aqueous hydrochloric acid immediately converts all the silver of fulminating silver 
into cliloride of silver, with evolution of the odour of hydrocyanic acid (Descotils). 
]ly i\ comparatively small quantity of hydrochloric acid, the fulminating silver is con- 
verted into chloride and acid fulminate of silver, C^N'^IIAgO'' ; but on adding hydro- 
;hl')nc acid till the filtrate is no longer clouded by it, the acid fulminate is cx)nverted 
info chloride of silver, hydrocyanic acid, and a peculiar chlorinated acid {eh^kydrch 
cyanic acid\ containing a quantity of clilorine which appears to amount to 2*6 tirais 
as much hs that which is contained in the chloride of silver produced. This acid tastes 
pungent mid sweetish, reddens litmus strongly, and does not precipitate nitrate of silver. 
It decomposes when exposed to the air for some hours, more quickly when heated, 
yielding ammonia, which neutralises the still undecomposed portion of the acid. 
After neutralisation with potash, whereby it first acquires a rose-red, then a yellow 
colour, or after it has been saturated with ammonia by spontaneous decomposition, it 
colours ferric salts deep red. The acid saturated with potash, gives off ammonia when 
cvMporatcd, and leaves a residue wdiieh effervesces strongly with acids, and whose 
aqueous solution precipitates nitrate of silver (Gay-Lussac and Liebig, Ann. Oh. 
Phys. XXV, 286). 

7. Aqueous hydriodic add decomposes fulminating silver in a similar manner, 
yielding iodide of silver and an iodated acid, analogous to the chlorinated acid, but 
forming a deep rod precipitate with sesquichlortde of iron, without being first neutra- 
liecd; no odour of hydrocyanic acid is perceptible in this reaction (Gay-Lussac and 
Liebig). Hydrofluoric add does not decompose fulminating silver. 

8. A small quantity aqueous sulphydrio add decomposes fulminating silver, form- 
ing sulphide of silver and cyanic acid ; a larger quantity forms sulphide of silver and 
hydrosulphocyanic acid : 

C*lSPAg*0^ 4- H*S « 2CNHO + Ag*S; . 
and 


C2N*Ag*0* + 3H»S » 2CNnS + Ag’S + 2H*0. 

9. Aqueous solutions of alkaline sulphidcSj e. y. protosulphide of banura, acting 

is quantity, decompose cyanide of silver, yielding a fulminate of silver and 

TOe alkali-metal, and sulphide of silver (Liebig) : 

2C*N*Ag»0* -t- Ba*S « 2C*N*AgBaO* -t- Ag*S. 

With a larger proportion of the metallic sulphide, an alkaline fulminate (C*N*K*0*) 
appears to be formed at ordinary temperatures, and, with the aid of heat, a compound 
<if the alkali with a sulphuretted acid different from hydrosulphocyanic acid. 

10. Aqueous solutions of the Jixed alkalis^ as also magnesia^ boiled with fulminating 
silver, gradually separate t»ot quite half the silver in the form of a black oxide, a solu- 
tion of fulminate of silver and potassium, sodium, barium, strontium, calcium, or mag- 
Dcsiam being formed at the same time (Gay-Lussac and Liebig): 

2Cr*N*Ag*0* + 2KHO * 2CWAgKO» + Ag*0 + H*0. 

11. Aqueous solutions of the alkaline chlorides^ even when added in excess, preci^ 
tat« only half the silver in the form of chloride, and form fulminate of silver and 
potassium, ^c. (Gay-Lussac and Liebig) : 

C«N*Ag»0» + KCl » C*N*AgKO* + AgCL 
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tli6 hoftti ftUcflilm© chlorides Rud iodides convert octu iiiio rulrtt* 

nuric acid. (Liebigs Schischkoff ; see p. 738.) 

12 .. Copper or mercury, boiled with fulminating silver and water, ultimately separatoji 
all the silver in the metallic state, fonning fulminate of copper or fulminate of merenrv 
, (Liebig). When the boiling with morcuipr is continued fora short time 
minate of silver and mercury is formed. Zinc, even when boiled for several days with 
fulminating silver, separates only half the silver, so that fulminate of silver and zinc is 
formed. When fulminate of silver is boiled with water and iron filings, a red-brown 
filtrate is obtained, which, when evaporated, yields reddish laminated crystals of fultni- 
uato of iron. (L i e b i g). 

Fulminate of Silver and Ammonium. C*N-Ag(NII‘)0®.---From a solution of fidmi- 
nate of silver in hut aqueous ammonia, this salt crystallises on cooling in white, 
shining, crystalline grains, having a pungent metallic taste, while argentate of ammonia 
remains in solution. It detonates with three times the force of fulminating silver, .md 
with extreme facility, even under the liquid, when touched witli a glass rod ; if, how- 
ever, the liquid contains excess of ammonia, the explosion does not extend througliout 
the mass. It is very spaidngly soluble in water. (Liebig.) 

Fulminate of Silver and Barium. — Dingy white crystalline grains, which detonate 
with violence, dissolve sparingly in water, and are decomposed by hydrochloric acid. 
Zinc immersed in the boiling aqueous solution throws down silver; the filtrate dqxwitsi 
on evaporation a yellow powder, which between 160® and 160® C. burns away witliont 
detonation like cyanate of silver, leaving carbonate of barium mixed with zinc, and 
when treated with hydrochloric acid, yields sal-ammoniac wdtli etfervescence, and 
estmot therefore be a fulminate. (Liebig.) 

Calcium. — Small yellow crystalline grain.s, of high specific 
gt(l^WjVfi;i)Ld dissolving readily even in cold water. (Liebig.) 

‘^of Silver and Hydrogen, or Acid Fidminate of Silver, C^N-AgllO”. — 
the form of a white powder, on mixing the aqueous solution of fulminate 
of potassium with nitric acid not in excess : 

C«N»AgKO* + HNO» =. CWAgHO* + KNO>. 

This salt dissolves readily in boiling water, crystallising out on cooling ; reddens litmus. 
By boiling with silver-oxide, it is converted into neutral fulminate of silver, mid hy 
boiling with mercuric oxide, into fulminate of silver and mercury. (Liebig, Ann. Cli. 
Phys. xxiv. 302.) 

Fulminate of Silver and Magnesium. — a. Basic^ — Obtained by boiling fulminating 
silver with magnesia and water. Rose-coloured powder, insoluble in water, which 
merely decrepitates when heated, giving off carbonic acid and ammonia, and leaving u 
residue of magnesia and silver.-^. Neutral. — While, thread-like crystals, rc.scmbliug 
capillary native silver, and detonating strongly. (Liebig.) 

Fulminate of Silver and Merctiry, or A rgen to- mercuric Fulminate. — Formed by 
boiling fulminate of silver and hydrogen with mercuric oxide and water, or by boiling 
fulminating silver for not too long a time with mercury and water. From the filtrate 
the compound crystallises in small shining needles. (Liebig.) 

Fidminate of Silver and Potassium, C*N*AgKO*.- 300 pts. (1 at.) fulminating silver 
are decomposed by not quite 7d'C pts. (1 at.) chloride of potassium dissolved in water ; 
or water in which fulminating silver is suspended is kept in a state of ebullition, and 
aqueous chloride of potassium added as long as it occasions turbidity, But no longer; 
the liquid is then decanted from the chloride of silver, and cooled tUl it crystalhs^* 
If it be filtered instead of being decanted, a brownish liquid is obtained which yields 
brownish crystals ; but if it be boiled for some time after dilution with water, it los^ 
ita colour, deposits black flakes, and when decanted from these, yields coloui'lcfcj 
crystals. The compound is obtained less pure by boiling fulminating silver witli 
aqueous potash, and decanting from the precipitated oxide of silver, ^ 

It forms wlute, shining, somewhat elongated lamime, which have a repulsive metallic 
taste, and do not blue reddened litmus paper ; detonates very easily and with 
violence. It dissolves in 8 pts. of boiling, and in a larger quantity of wld water. 
Nitric acid added, not in excess, to the aqueous solution, throws down a white 
consisting of fulminate of silver and hydrogen. Hydrochloric acid added ^ 
tion mixed with potash, throw's down a precipitate, which continues to 
the liquid till all the potassium is converted into chloride ; any further miantity ot t 
acid throws down chloride of silver, with simultaneous formation of hydrocyanic aei^ 
carbonic acid, and sal-ammoniac. Chloride of potassium does not decoinp<»® t 
salt. Copper immersed in the aqueous solution, throws down all the silver by 
fulminate of copper and potassium. The solution does not precip^te 
sulphate, or yimd Prussian blue on subsequent addition of hydrochlono aw 
(Liebig.) 
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f^minaie and Sodium, prepax^ by a similar process, forms small red- 

brown, meUl-^rfiitiing lamina, more solnble in water than the potassium-salt’, but 

otherwise exhibiting fitimilan reactions. (Liebig.) ’ 

FvlminaU of SUver and ^^r^ftttm.~I)ingy white ciystalUne grains, which detonate 
^th violence, and are sparingly soluble in water. (Lie big.) 

fulminate of and Zte.—By boiling fulminating silver with zinc and water 

whereby only half the is precipi toted, even after long. continued ebullition— and 

evaporating the yeUow filtrate, yellow detonating crystals are obtained, together with 

a yellow non-detonating powder. (Liebig.) 

jiulmiiaates of Xlno The neutral salt, also called fuLminatinq zinc, was first 
obtaineil by Liebig, who showed that when zinc is boiled with fulminating mercury and 
water, mercipv is separated, and a yellow liquid produced, whicli, on cooling, deposits 
yellowish, slightly detonating crystals ; and was more particularly examined by E Da v y 
(Dublin Soe. Transact. 1829). To prepare it, 1 pt. of fulminating nuircury is placcll 
under water in contact with 2 pts. of zinc filings, and the whole fbeqn out ly shaken, fill 
all the mercury is precipitated and an amalg^ formed, after which tJie filtrate is 
left to evafiorate spontaneously. 

The salt forms transparent, colourless, rhombic tables, which are tasteless, detonuto 
very strongly at 195° C. or by percussion, or by contact with oil of vitriol,— are inso- 
luble in water, but dissolve in aqueous alkalis. If the filtrate be evaporated, not in 
the cold, but at a gentle heat, there remains a deep yellow crust, together with yellow 
needles, which do not detonate by contact with sulphuric acid, but when lieatecC d^^to- 
nate as readily, but not so violently, as the first-mentioned c^stals ; this latter product 
is insoluble in cold water and alcohol, but dissolves sparingly in boiling water aod 
very' readily in ammonia. — An aqueous solution of fulminate of zinc poured into a 
bottle filled with chlorine gas yields a volatile, strongly smelling oil, whigh has a 
sweet and bitter taste, does not detonate, is insoluble in water, and reddsi^Clltmus 
after some time only. ‘ ^ 

Fulminate of Zinc and Hydrogen, or Add Fulminate of Zinc. — The aqueoutf solution 
of fulminating zinc, recently prepared by the action of zinc on fulminating mercury, is 
[trocipituted by excess of baryta-water, which separates a largo quantity of oxide of 
zinc; the excess of baryta is removed by a stream of carbonic acid ; tlie filtrate, 
ooiitaiiis fulminate of zinc and barium, and throws down fulminate of silver from a 
solution of the nitrate, is treated with the exact quantity of sulphuric acid required to 
remove the bmum ; and the liquid is filtered. The filtrate contains a largo quantity of 
zinc. (Fehling, Ann. Ch. Fharm. xxvii. 130.) 

The reaction is as follows : 


then: 
finaUy : 


C"N*Hg"0* + Zn 
2C*N2Zn"0* + Ba"0 = 


- C*N-Zn"0» + Ilg; 
C*N'Zn"Ba'’0^ + Zii"0; 


C«N'Zn"Ba"0' + II^SO^ = C<N<Zn"IPO* + Ba"SOV 

The solution has a powerful odour, like that of hydrocyanic acid ; tastes apjreoably 
Bweet at first, but afterwards pungent and astringent. When kept in a bottle, it 
gradually loses its odour, becomes vellow, and deposits a yellow powder, but still forms 
ttn explosive 7 ;ellow precipitate witli nitrate of silver. (E. Davy.) 

By saturati^ the solution with different bases, the double salts of fulminating zinc 
we obtained, in which the hydrogen is replaced by an equivalent quantify of another 
nietal or of ammonium [they were regarded by Davy as pure fulminates]. These 
wits detonate, according to Davy, between 175® and 230® C. ; most of them am 
solnble in water, and have a sweetish rough taste : their solutions precipitate nitrate 
of silver. 

Yellow, indistinctly ciyrstalline,* neutral, slightly detonating, easily 

soluble. 

-^m/monium^eali. The solution evaporated to a synip, solidifies in the crystnlline 
onti. The salt has an alkaline reaction, deflagrates with a yellow flame when heated, 
and on exposure to the air, becomes moist, but does not df?compose. 

arium~ealt, — Crystallises from the syrupy solution in flat, transparent, four-sided 
prums, which are alkaline, explode like the potassium-salt, turn yellow when expose! 
* ftnd are soluble in alcohol. (E. Davy.) 

^dmiwm-acdt . — White opaque needles, which slowly turn yellow on exposure to the 
r. mom quickly when heated, are very explosive, sparingly soluble in water. 

L -Very small, alkaline, detonating crystals, which turn yellow when 

bmome moist when exposed to the air, ami are sparingly soluble in water. 

— Small, yellow-green, detonating crystals, easily soluble in water, ^ 



m 


FULMINIO A^. 


Delicate yellow needles, detonating, sparin^y soluble, in cold 
soluble in boiling water, ^ 




Gold^salt , — Obtained by precipitating a solution of Eliminate of rinc and hx ' 
with a dilute solution of chloride of gold Brown explosive powder, soluble in amm 
hydrochloric acid, and strong sulphuric acid. The solution in sulphuric acid vuf’ 
when diluted with water, a dark purple precipitate ; and the liquid filtered there^ 
yields, by evaporation, besides a deposit of metallic gold, hexagonal prisms 


explosive, insoluble in water and in hydrochloric acid, but soluUe in nitro-hydrochlo 
acid. ’ 

Lead-salt . — White crystalline powder. 

Maffnesium-salt.^Jjoiigy flat, four-sided prisms, which are opaque; neutral- exDlo{l 
by heat or percussion, but not by contact with oil of vitriol ; and dissolve rcadilv in 
water and in alcohol. ^ 


Manganese-salt. — Viscous, very explosive mass. 

JMckel-salt— Yellow, or yellowish green crust, very explosive, slightly soluble iu 
water. 

Palladium-saU . — ^Brown explosive precipitate, insolublo in water. 

Platimm-salt , — Obtained by decomposing fulminate of zinc and barium with eul, 
phate of platinum. Brown precipitate which explodes without detonation ; the 
liquid yields, by evaporation, small yellowish brown prisms which detonate vcj^ 
strongly. 

^ ^Potassium-salt. — Transparent, colourless, rhombic prisms, which have an alkaline re- 
lifction, and a sweetish rough taste; explode violently with a pale red flame, by heat 
'^ percussion, or contact witlx oil of vitriol ; deliquesce in the air ; but are insolublo in 
aiil^hol (E. Davy.) 

p^ym-salt. — Efflorescent, oblique rhombic prisms with dihedral summits. Deto- 
namfi^ the potassium -salt. 

' — Small, transparent needles. 

nti^tXKlC ACXD. See Fulxtikates (p. 730). 

nfZiMZKITRZC ACZB. C*n*N®0®. Isocgamwic acid . — An acid isomeric with 
v^yauilric acid, which appears to have been discovered, independently and alxmt tho 
same time (1865), by Liebig (Ann. Ch. Phann. xcv. 282), and by Schischkoff 
(Petersb. Acad. Bull. xiv. 98 ; Ann. Ch. Pharm. xcvii. 63). It is produced by the ac- 
tion of alkaline chlorides or iodides at the boiling heat on fulminating mercury, 3 at. 
fulminic acid (containing 2 at. carbon), being converted into 2 at. fulminuric acid, ac- 
cording to Liebig: 3CWITO* «* 2CWHW; or according to Schischkoff, 1 at. fulminic 
acid (containing 4 at. carbon) being resolved into 1 at. fulminuric and 1. at. cyanic 
acid: 

= C»N»H»0» + CNHO. 


Scliischkoff originally regarded fulminuric acid as a compound of I at. cyanic acid 
and 1 at. nitracetoiiitrile «= GNlIO.NC*(NO'‘‘)H* : subsequently (Compt. rend. li. 99), 

(C*(N0*)H-0 

he has expressed its composition by tho formula N < Cy 

CH, 

Preparation. — 1 . Of the Ammonium-sedt . — ^W ell washed fulminating mercury (60-76 
grms.) is mixed in a glass flask with 700 to 800 cub. cent, of water, 60 cub. cent, of 
a cold-saturated solution of sal-ammoniac then added, and the whole heated to the 
boiling point. In a few minutes, a yellow crystalline powder begins to separate. As 
soon as the deposition of this precipitate has ceas^ the vessel is removed from 
the sand-bath, and caustic ammonia added as long as a white precipitate is formed, 
after which the liquid is immediately filtered and evaporated to the crystallising 
point. The yellow crystals thus obtained are washed with water, and afterwards 
with alcohol, then dissolved in hot water, and the solution decolorised by well-washed 
blood-charcoal, or bone-charcoaJ. The filtrate on cooling yields dazzling white 
crystals of great beauty. (Liebig.) 

2. Of the Potassium-saJt.^JAQm^ prepares this salt in the same manner as the am- 
monium-salt. SchischkofTs mode of preparation is as follows : 

2 pts. of moist frilrainating mercury are added by small portions, and with constant 
Btirring, to a nearly saturated and gently boiling solution of 1 pt. chloride of potassium, 
the ebullition being continued till no more fulminating mercuiy remains at the botW. 
The liqui^ which has a yellow colour, arising from the formation of a precipitate 
of indefinite constitution, is then filtered hot, in order that the principal product, a 
compound of Mminurate of potassium with mercuric oxide, which is a curdy substance, 
apanngly soluble in cold water, may not be deposited during the filtration ; and th^e 
yellow precipitate on the filter is washed with hot water. The flitrate, on cooling, depomm 
the cttwy c<mipound of mercuric oxide and fulminurato of potassium, a further quantity 
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«f which may i>® obtained by concentrating and cooling the mother-Hqnor and the wash* 

-ruMsflA'nA wVlIoh flAmt.ril.tA rill 1 in tViii au: l 



and a considerable quantity of mercuric chloride. To obtain the fulminurate of potas- 
sium from the curdy conmound, water is poured upon the latter, and sulpliydric acid gas 
passed through the liquid, whereupon 8ulphid(3 of mercury separates, together with crys- 
tals of the potassium-salt ; and to obtain the latter, the entire liquid is heated filtered 
hot^ and left to crystallise. On cooling, it deposits shining colourless ciystals of the potas- 
uium-salt, a further quantity of which may be obtained by repeatedly eraporating and 
cooling the mother-liquor. In this manner, 150 pte. of fulminating mercury yield 20 pts. 
of fuhninurate of potassium (Schischkoff). Liebig makes no mention of the curdy 
compound of mercuric oxideand fulminurate of potassium. The reason of Schischkoff a 
liaTiug obtained it, is probably that ho used a saturated solution of chloride of potas- 
eium, whereas Liebig used a dilute solution. Liebig’s method is eWdcutly tho easier of 
the two. 

From the potassium- or ammonium-salt, the lead or silver-salt may l>e prepared by 
doable decomposition, and the free acid may then bo obtained by decomposing the 
lead-salt with sulphydric, or the silver- salt with hydrochloric acid. 

Properties. — The aqueous solution of the acid left to evaporate in a warm place, so- 
lidifies to a compact, yellowish, indistinctly crystalline mass (Liebig; Schisch koff). 
From a saturate alcoholic solution, the acid siiparjites, according to Schistdikofl^ W 
Bniall colourless prisms ; Liebig, on the other hand, did not obtain crystals from tl^ 
alcoholic solution. Tho crystals are anhydrous, and permanent in the air (8 chi sc h- 
koff). The solution has an acid reaction, and a very sour taste. It dissolves very 
easily in water ; the solution in a small quantity of water forms a syrup, and may bo 
evaporated without decomposition (Liebig). The acid is soluble in boiling alcohol 
(Liebig) ; in alcohol and in ether (Schischkoff). 

Decomposiiions.^l. The acid and its salts explode when heated, the decomposition 
of the acid taking place at 160® C. (Schischkoff); tho ac*id dtdonates slightly w'hen 
heated (Liebig). — 2. The aqueous solution of the acid is decomposed by boiling with 
mineral acids, a salt of ammonia being formed, carbonic anhydride evolved, andf a 
hrown substance produced, which has not been further examined (Liebig). Suljdiuric 
acid decomposes the salts of fulmiuuric acid without blackening, forming gnlpliate of 
ammonia, and eliminating a mixture of carbonic anhydride and carbonic oxide. Weak 
hjfdrochloric acid has scarcely any action on tho fulniiniiratcs ; but tho strong acid de- 
composes them, with formation of ammonia and evolution of carbonic anhydride. On 
saturating the excess of hydrocliloric acid with an alkali, and adding a calcium or barium 
salt, a white precipitate is formed ; but if tho action of tho hydrochloric acid has been 
long continued, and the liquid has been afterw'ards evaporated to dryness, no such pre- 
cipitation takes place. — S. Nitrotis acid ptissed through a solution of fulminmic acid, 
<lecompo8es it, with evolution of gas (carbonic anhydride), and forms an acid which 
does not precipitate calcium-salts, but yields with nitrate of silver an insoluble salt 
containing nitrogen. — 4. Caustic potash heated with fulminuric acid or its salts, 
gives off a large quantity of ammonia, and forms carbonate of potiwsiurn ; and the solu- 
tion, when neutralised by an acid, forms no precipitate with chloride of calcium or ni- 
trate of silver. — 5. Caustic heated with fulminuric acid op its salts, decom- 

poses them, with evolution of ammonia and formation of a white precipitate containing 
carbonate of barium. This precipitate dissolves in hydrochloric or nitric acid ; and 
aftiT tlie excess of acid has boon neutralised by ammonia, a precipitate is formo(^ pro- 
bably identical with that which is produced on adding a barium salt to fii Immune 
acid which has been decomposed by hydrochloric acid (Schischkoff).-~«w(pAy nc 
ocid rxn^svdphide of potassium have no action on fulminurates, oven attheboi mg ea % 

Falmlmiratea. Fulminuric acid appears to be monobasic ; at all events, all tne 
fulminurates hitherto obtained contain only 1 at. metal in place of bydrt^en. 

Fulminurate of ammonium, CWH*(NH*)0* -Tho preparation ®^this salt hw 
already been described. It forms monoclinic crystals isoraorphous with the potassium- 
Balt, and having a : b ; c « 1 : 1*8206 : 2*4016. Angle of inclined nxes “ 79 h 
The crystals are prismatically elongated in the direction of the orthodiagonal and ^ 
bevelled at the ends by the faces — P. Inclination of oP . ^ -.o 

-Poo » 1330 58'* — P: -P in the clincwliagonal principal section = 74 
(Bammel.berR Jahresber. t. Chem. im, V Sf)- ^atala 

refractive^^iuid diapotsivc power, and o^ibit rav 

®ood). Diapenrive power - 0 1006 nearly. For a porp^diculariy incidrat ray. 

‘ho ao^le of ^Eio^of the oxtr^rdinar^ hIX dtn^«fve ™w»! 

wystala exhibit priamatie colours, in consequence of their ^ 

They also oihibit a splendid scarlet colour, arising from the superposition of the colourea 


3a 2 
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images of the ordinoiy and extraordinary raye, the violet of the first falling on 
red of the second; the beauty of the red is moreover heightened by the neutraliniif- * 
of the yellow (Rood, Ann, Ch. Pharm. xcv. 2^1). The crystals are anhydro^'^ 
when heated, they fiwe, blacken, and give off hydrocyanic acid, ammonia, and afte ! 
wards hydrated cyanic acid, which, combining with the ammonia, forms in the udd^' 
part of the tul)e, a solid crystalline mass of urea (Liebig). The salt sustains a h^t 
of 150® C. without alteration, but above that temperature it explodes like the other 
fulminurates (Schischkoff). It dissolves sparingly in cold, readily in hot water* 
is insoluble in alcohol and ether. (Liebig.) * 

Fulminurate of Barium^ C*N*H*Ba"6* + 2aq. — Obtained by double decompii- 
sition in the form of a crystalline pulp composed of short, thin, white needles, which 
dissolve completely in a very large quantity of hot water, and separate on cooling m 
hard isolated crystals, which are colourless and transparent, and often take the form of 
rhombic prisms, terminated by a macrodiagonal dome (Liebig). According to Ilam- 
melsberg, the salt forms monoclinic crystals, exhibiting the faces ooP, +Poo, -?oo, 
oP, [Poo ], and prismatically elongated in the direction of the principal axis, llatio 
of axes a \ b \ c = \ \ 2 032 ; 2*348. Anglo of inclined axes « 72® 27'; ooP: <xp in 
the clinodiagonal principal section = 54® 36' ; oP : ooP *= 97° 57' ; oP : Poo «= 120'^ 36’ ; 
oP : —Poo 140^46'; oP : [Poo] * 114° O'. The crystals refract doubly, but in a 
much less degree than tho ammonium and potassium»salts, the angle ofrefractionof the 
extrtwrdinary ray for perpendicular incidence being only 1® 9' (Rood). Between 150^ 
and 180® C. they give off 8*52 per cent. (1 at.) water, and become opaque; ut a 
higher temperature, they decompose like the potassium-salt. (Liebig.) 

Fu Iminuraie of Calcium is soluble in water and in alcohol. (Liebig.) 

Fulminurate of Copperh.s.H not been prepared. An amimniocnpric fulminnra^r^ 
4NH*.C*N®H^Ou"0*, or julminurate of ammoewprammonium^ C‘*N'*H^[N'*H\NiP)-‘ 
Cu"]"0*, is obtained by mixing fulminuric acid with a solution of a copper-s-ilv in 
excess of ammonia and heating tho liquid to boiling. The liquid, as it cools, deposits 
tho salt in beautiful, shining, dark blue prisms, which undergo no change in the air 
at ordinary temperatures, or oven at 150*^ (J., but are decomposed, with explosion, at 
higher temperatures. It is nearly insoluble in water, and very sparingly soluble iu 
ammonia, so that very small quantities of fulminuric acid may be separated in this 
form. (Schischkoff.) 

Fulminurate of Ethyl , — ^When fulminurate of potassium is immersed in alcohol, 
and hydrochloric acid gas passed through the liquid, chloride of potassium is formed, 
together with fulminuric ether ; as soon as the reaction is complete, the stream of gns 
must be discontinued, because an excess of hydrochloric acid decomposes tho other, 
with formation of a crystalline body. After the excess of alcohol and the chloride of 
ethyl formed at the same time have been distilled off, and a sufficient quantity of 
water has been added to the solution of chloride of potassium, the fulminuric ether 
separates in the form of an aromatic liquid ; the portion which remains dissolved may 
be separated by agitating the watery liquid with common ether. Fulminuric ether is 
decomposed by alcoholic potash, even at ordinary temperatures, with fonnation of 
fulminurate of potassium ; it cannot be distilled without decomposition. Its alcoholic 
solution mixed with phenylamiuo deposits, after a few days, colourless, silky prismatic 
crystals, which melt and turn brown at 100® C., and perhaps consist of the phenylumido 
of fulminuric acid. (Schischkoff.) 

Fulminurate of Iron {ferrosum\ separates in beautiful, pale green crystals on 
heating a fulminurate with ferrous acetate. (Schischkoff.) 

Fulminurate of Lead, — Neutral lead-salts are not precipitated by the alkaline 
fulminurates. A haMc lead-salt, Pb"O.C*N*H^Pb"0*, is obtained on adding bisio 
acetate of lead to a solution of the fulminurate of an alkali-metal, as a white crystal- 
line precipitate, which dissolves in boUing water and separates in hard yellowi«i 
crystals on cooling. When decomposed by sulphydric acid, it yields fulminuric acid. 

The f^minurates of JAthium and Maynesium are soluble in water and in alcohol. 

Fulminurate of Mercury, — The acid is not precipitated by mcrc^us 
curie salts. Mercuric oxide heated in a solution of the acid diwlves in it, and the 
liquid on cooling deposits a mass resembling the curdy compound of mercuric oxide 
with fulminurate of potassium. (Schischkoff.) 

Fulminurate of Potaaaium^ CI*N*H*KO*. — This salt, the preparation of 
has been already described, forms long prisms, having a strong lustre and great remet- 
ing power (Liebig). A hot saturated solution, rapidly cooled, solidifies, from form- 
ation of a mass of very small silky needles ; but by g^entle evaporation, the salt w 
obtained in large and very regular crystals isomorphous with the amnionia-salt 
(Schischkoff). Aceprding to Rammelsberg {loo, cit,)^ they exhibit the fiwjos 
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„p«,oP, +P00, -2P, and are prisnmlically clonRaW in the direction 

the orth^iwnd. Batio of axes a : 6 : c _ 1 ; 1.8704 : 2-3il3. Angle of inclined 
s= 83^ 32 ; ooP : ooP in the chnmliagonal pnncipal section == 66° 34' • oP • ocP 
93^4';oP: +Poo « 126°2';oP: —Poo =r 132° 61'. > • 

The crystals are doubly pefraeting, and fop perpendicular incidence theaindc of re- 
fraction of the extraordinary ray is between 6° and 6° (Kood. loc, at,\ They are 
anhydi'ous (Liebig). The salt when heated exhibits a faint glow, and gives off a 
Binall quantity of gas, like a mixtiiro of an organic substance with nitre. It undergoes 
110 change at 226° C., but at a liighcr temperalnre it melt.s, gives off a largo quantity of 
hydrocyanic acid, and afterwards becomes black, and explodes with a red Hume. 
When slowly decomposed in a covered crucible by a beat gra<liially raised to redness* 
it yields pure white cyanate of potassium mixed with cyanide /^Scliischkofo! 
Hrated with chloride of potassium in a combustion-tube, it gives off hydrocyanic acid! 
tliencarlx)nate of ammonia, and a gaseous mixture containing 2 vol. carbonic a nliydride 
to 1 volnitrogen, like the gas evolved by the dccomjiosition of dry fulminate and cyanate 
of silver mixed with sulphate of pota.s.sium. The residue consists of cyanide of potassium 
mixed with chloride (Liebig). The salt is less soluble in cold water tliaii the 
ammonia-salt (Li cbig, Schischkoff), but dissolves in hot water as easily as tlu* 
latter (Liebig). It dissolves in 10 pts. of cold and a much smaller quantity of 
Iwiling water, but is insoluble in alcohol and ether. (S e h i s c h k o ff. ) 

Fill 7n inurate of Silver . — A hot solution of fulminurate of ammonium or potas- 
piiim mixes with nitrate of silver without turbidity, but as the liquid cools, fulminurate 
of silver sopuratxis from it in long, veiy thin needles, having a silky lustre (Liebig, 
Schischkoff). The crystals retain their lustre at 100‘- C., and do not diminish in 
weight (Liebig). The salt is not blackcrieHl by light, and does not undergo any 
change at 150°, but at a higher temperature it explodes wdtlioiit noise, and gives off 
hy(ll^^eyanic acid (Schischkoff). It is decompo.sed by heat in the .same manner as 
cyan at.e of .silver (Liebig). It dissolves very sparingly in cold, but with moderate 
facility in boiling water, and maybe rccrystalliscd without alteration. (Liebig, 
Schischkoff.) 

Fulmin urate of Soditim is more solublo than the pota.vsium-salt, and crystallises 
from the aqueous solution by slow evaporation in long prisms. (Hchisc hkoff.) 

Fulminurate of Strontium iovnm ntonoclinic cry.stalH, exliibiting the combina- 
tion + P . — P . oP . oopQo . Ratio of axes a : 6 : c = 1 : 2718 : 3' 168. Angle of 
inclined axes = 82° 60' ; + P : + P, in the clinodiagonal [n’incipal section — 47° 42'; - P : 
-P in the 8ameas63°4'; +P : — P in the orthodiagoiml principiil s«*ction — 140° 49'; 
in the basal section — 149° 28'; oP : -f-P =102° 57'; oP : — ^ 107° 35'. 
rir&MnnilUCC STHSR. Sec Fulminurate of Ethyl (p. 740). 
rviaARAMISE. C‘I1“N'0' = (Uagon, Ami. Cb. I'harm. 

xxxviii. 275.) — A compound formed by the action of ammonia on fumarate of ethyl, 
and deposited in white scales, when the ether, mixed willi aqueous ammonia, is 8<*t 
aside for some time in a cold place. It is insoluble in cold water, but dissolves in boiling 
Water and separates out unchanged on cooling. It is insoluble in alcoliol. (Hagen.) 

Fumaramide yields by dry distillation, ammonia, a crystalline sublimate, and a 
carbonaceous residue. Heated with aqueous alkalis, it givers off ammonia, and when 
hoiitod for some time with water, it is converted into fumarate of ammonium : 


+ 2H*0 = C^fl2(NIT«)*0^ 

Compound of Fumaramide with Mercuric Oxide , — lied oxide of mercury boiled in 
W’uter with fumaramide is rapidly decolorised, and yield.s a white pulverulent comiiouiid, 
which must be carefully washed with boiling water and dried at 1 00°. It is deconi- 
t*osed by hydrochloric and sulphydric acids. (Dcssaigni^s, Ann. Ch. Pliarm. Jxxxii. 
233.) 

TDMAltIC ACX9. | O’ Patamaldc add. 

Ann. Ch. Pliys. [2] xi. 93.— Pfaff, Schw. J. xlvii. 476.— 

1 nt\ oao Ann l.h 


I'ogg. Ann. Ixxx. 430. — i^ossaignetf, u. A - -- —y - -- 

1 isomeric with maleic acid, differing from malic acid by containing 1 at less of 
er, and from succinic acid by containing 2 at. less of exists reai y 


acid i 

Water, auu. uvm HUCIUIUU wau uy -» **— " a ^ ...J 

formed in several plants, viz^ Fumaria oficinalis, Corydahs hulboea, Glai^tum Jla mrn^ 
Helm islandicua, and Boletus pseudoAgniaritix. It is produced by the dehydration of 
?nalic acid; by molecular transformation of maleic acid namely, when ^ ^ 

** heated with bvdriodic or hydrobromic acid (Kokule, Ann. Ch. Iharm. Su^p . 
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86) ; and, according to Mullhiiusen (Ann. Ch. Pharm. ci. 171), is found amonc th 
products of the oxidation of protein-compounds by nitromuriatic acii ® 

Lassaigne, in 1819, first showed that in the dry distillation of malic acid ther * 
produced, besides mideic acid, another acid, which was further investigated by Pol ^ 

In 1834, who called it paramaleic acid. Pfaff in 1826 found in Iceland moss (Lid^ 
islandicus) an acid to which he gave the name of lichenic acid ; and Winckler in IsS 
obtained from fumitory {Fumaria officinalis) an acid designated as fumaric aciL 
The identity of this acid with paramaleic acid wan demonstrated by Peiriarcay ii 
1834, and with lichenic acid by Schodler in 1836. The boletic acid found bv 
Braconnot in Boletus •pseudo-iqniarius^ and supposed by him to be a distinct acid, wtw 
shown by Bo Hey (Ann. Ch. Pharm. Ixxxvi. 46) to be likewise identical with fumaric 
acid. 

Preparation, — 1. From Fumitory. — The aqueous decoction of the fresh flowerintr 
herb, together with the roots, after straining, subsidence, and decantation, is evaporatwl 
first over the open fire and then over the water-bath, to a thin syrup ; and this syrup* 
while still hot, is mixed with a small quantity of hydrochloric acid, and l(*ft for alKjut 
a fortnight in a cool place, till the fumaric acid has separated in hard brown crystals 
The mother-liquor is then diluted with water and poured off ; the crystals waslud 
with cold water, suspended in water, and slightly supersaturated with carbonate of 
potassium; the filtrate slightly supersaturated with sulphuric acid, heated in the water- 
bath, and filtered from the resulting dark brown resinous precipita te ; the still brownish 
crystals of fumaric acid which form on cooling are dissolved in hot water ; and the 
solution is digested with animal charcoal and filtered : it then, on cooling, yields snow- 
white crystals, amounting to 6To6 per cent, of the fresh herb (Winckler). The 
fumarate of calcium contained in the expressed juice may also be decomposed by 
oxalic acid. This salt is deposited spontaneously from the Extraotimi Fumaria*. :it‘fer 
two years* standing, in crystalline grains, which may be separated by diluting the 
extract with an C'qual quantity of cold water, thou decanting and washing with eolil 
water; when decomposed by aqueous oxalic acid, they yield a brownish acid, which 
ihay be freed fi'om an admixed red-brown substance by mixing it witli Siuul 
tind subliming, or by solution in ether and filtration (Winckler, Kepert. Pharm. 
xxxix. 48). — Trommsdorff (N. Tr. xxv. 2, 162) precipitates the recently ex- 
pressed juice of fumitory — after separation of the scum wliicli forms on boiling 
— with acetate of lead; decomposes the washed precipitate with snlphydrie ncid; 
and obtains, by evaporating and cooling the filtrate, brownisli crystals which rnny 
be purified with animal charcoal. A similar process is follow'ed by I)onuir<,‘ay. 
Belffs washes the yellowish green precipitate tlirown down by acotato of lend 
(after it has somewhat diminished in volume by standing) ; dries it in tlie air on 
bibulous paper ; rubs it to powder ; stirs it up with nitric acid gradually added (w here- 
upon the mass swells up, but gives off only a small quantity of nitrous vapours) ; 
agitates the resulting mixture of nitrate of load and free fumaric acid, after 24 hoiira 
with a little water ; filters ; waslies the residue with water; and extracts the fumaric 
acid with boiling alcohol of ordinary strength. The alcoholic solution is then evapo- 
rated; the r(dii(lno dissolved in ammonia; the excess of ammonia expelled from t lie 
solution by heating ; and a certain quantity of lead which remains in it, removed by 
snlphydrie acid (the greater part of the colouring matter also separates with t lie 
sulphide of lead) ; tlio ueid fumarate of ammonium is brought to the crystallising point; 
the crystals, if much coloured, are purified by pressure and recrystallisation; the salt is 
then dissolved in hot water ; and the solution treated with nitric acid, to separate tlie 
fumaric acid, which then, after the liquid has cooled, crystallises out completely, I'ut 
only after a considerable time. The nitric acid, if added in slight excess, generally 
effects the complete destruction of the colouring matter. By this process, Belffs ob 
tained more than 6 drachms of pure fumaric acid from 20 lbs. of the herb. 

2. From Iceland Moss. — Sixty-four pts. of the lichen are macerated for some time in 
water containing carbonate of potassium ; the filtrate is precipitated with acetate of 
lead ; the washed brownish precipitate decomposed by sulphydric acid ; the filtrate 
evaporated; and the crystals of the acid, which still contain lime, are purified (PTaff). 
The chopped lichen is macerated for six days with water and milk of lime, the mixture 
being fr^uently stirred ; and the expressed turbid liquid is evaporated to half its bulk, 
acidulated with acetio acid, then heated, mixed with basic-acetate of lead, as 
reddish flocks containing brown colouring matter continue to separate, and filtered 
hot. The filtrate, on cooling, deposits wMte or brown-yellow needles of the lead-salti 
and an additional quantity, though iqfipnre, on further evaporation ; the lead-salt may 
be decomposed by sulpbydrio or sulphuric acid. The impure add is purified by 
boiling with dilute nitnc acid, and cooling to the crystallising point. (Schodler.) 

3. JVwn Glaucium ItUeum . — ^The expressed juice is boiled and precipitated by 
anunonia; the filtrate evaporated ; mixed while still hot with a small quantity of nitris 
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then with nitrate of lead ; and left to cool till the lead-salt separates mostly in tho 
^stalline form. (P ro bs t, Ann. Ch. Pharm, aoexi. 248.) 

4. Ffow Medic or from Malmc aetd . — Malic acid is heated for some time to a tem- 
® little above 130®, whereupon water passes over, togetlier with laaleic itcid,- 
Jnd fiimaric acid remains behind in the solid state ; or, crystallised maleic acid is 
boiled in a long glass tube, so that the evolved water may continually flow Imck again, 
<111 the maleic is converted into fumaric acid (Pelouze). Dessaignes (Compt! 
rend. xlii. 624) obtains fumaric acid by heati^ malic acid for several hours with liy- 
drochloric acid. On the other hand, fhmaric acid is converted into malic acid by heating 
it with hydrochloric acid in sealed tubes. (See below.) 

Properties. — ^The acid obtained from malic acid crystallises from the aqueous solu- 
tion, in broad, striated, colourless prisms,^ sometimes rliomlnc, sometimes hexagonal 
(Pelouze) ; that obtained from fumitory, in scales united in stellate groujis (Wine k- 
ler); that from Iceland moss, in needles (Pfaff); in crystals aggregated in cauli- 
flower-like tufU(Sch6dlor). The acid sublimes in long white needles (Lassaigno 
Winckler). It requires a high temperature to melt it; volatilises somewhat above 
200® C. oven before melting, and sublimes for the most part unaltered, but partly rc- 
eolvcd into water and fumaric anhy<ii*ido. It is inodorous, tastes very acid, and 
reddens litmus strongly (Wincklor, Pelouze, and others). It dissolves sparingly 
iu cold, readily in hot water ; also in alcohol and ether. 

Vicomposition^. — 1. Wlicn fumaric acid is heated, a small portion of it is resolved 
into fumaric anhydride, which volatilises, and water (Pelouze). — 2. It 

may be set on tire by a flaming body, and then burns with a pale blue flame (Winek- 
— 3 . When triturated and heated with peroxide of lea f it first gives oif water, 
and then takes fire, without emitting any odour of formic acid (Rieckhor.) — 
4. Tho colourless solution of the acid turns brown when heated (Win eklor), and gives 
off sulphurous acid (Rieckhor). — 5. The aqueous solution of the acid is not altered 
Ity eight days’ boiling, or when heated in a sealed glass tube to 260® C., not being in 
fu(.t converted into malic acid. (R. Hagen.) 

6. Pumaric acid enclosed with hydiochloric acid in a sealed tube, and lieated to 100® C. 
for 140 hours, is partly converted into malic acid. On evaporating tho resulting liquid 
1o dryness, and treating the residue with a small quantity of water, to separate unaltered 
fumaric acid, the last naother-liquor yielded by evaporation a deliquescent synip, which, 
after drying at loci'® C,, fused readily, and yielded fumaric acid by dry disl illation. 
Another portion, half saturated with ammonia, yielded by evaporation, first crystals 
of acid fumarato of ammonium, whidi gave a precipitato with ferric chloride, 
llien transparent prisms of a salt which did not precipitate ferric chloride, evem after 
udilition of ammonia, melted at 40® C. (acid fumarato of ammonium docs not molt 
< von at 200®), and was converted at 160® into fumarimide, whkdi is tho ]>roduct 
ohliiined by heating acid malate of ammonium. Hence it appears 1.1 lat part of the 
fumaric acid treated as above described had been converted into malic acid. 
(Dessaignes, J. Pharm. [3] xxxii. 48.) 

7. Fumaric acid is not decomposed by boiling with nitric acid, or with water and 
peroxide of lead, or acid chromate of potassium; and it docs not precipitate, platinum- 
Idack from solution of chloride of platinum : it exliibits thereforo no grijat tendency 
to decompose under tho influenco of oxidising agents. — 8. On tlio other hand, it 
easily takes up hydrogen, under the influence of certain reducing agents, and is con- 
verted into succinic acid : 

+ H* * 

Fumaric acid. Succinic acid. 


This change takes place when aqueous fumaric acid is placed for a ft^w hours in con- 
tact with sodium-amalgam^ or when it is heated with hydriodic acuL In like nianner, 
when heated to 120® C. in a sealed tube with hydrolrro^mc acid, it is slowly tran.sformed 
hy addition of 1 at HBr, into monobromosuccinic acid, C^H^BrO*, and when heated 
for a few minutes to 100® in a sealed tube, with hremine and water, it is converted, t>y 
addition of 2 at bromine into dibromosuccinic acid, C*H^Br*0^ (Kekul^ Ann. Cn. 
Pliarm. SuppL i 129 ; iUp. Chim. pure, 1861, p. 484; Jahresber. 1861, p. d66.) 

^marates. Pumaric acid is dibasic, forming 
pH Wo*, and monometallic or acid salts, C*H*MO* and C®n®M P ^ ^ ^ ^ 

Some of tho fumarates are crystalline, others pulverulent, and most of them nave a 
?ild taste. None of them! excepting the ammonium, cop^r, and mercury ^Its, 
become carbonised till they are heated above .260® C. They are decomposed by 
phosphoric, sulphuric, hydrochloric, and nitric acids; but fumaric acid expels acetic 
jcid from the acetates. Many ftimarates dissolve in water, but none in strong ' 

^Intions of the alkaline fumarates precipitate most metallic salts, but nut tHoso or 
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^inc, aluminium, or chromium : fiimarate of ainc is easily soluble, and Aimaric acid 
does not appear to be capable of forming salts with aluminium or chromium. 

Fumaratei of Ammonium.— The neutral salt is very soluble in water, and U 
<joiiverted into the acid salt by evapor^ion. 

The acid salt is obtained by saturating fumaric acid with ammonia, and IcaTing the 
ijolution to evaporate in a non^exhausted receiver over lime and oil of vitriol, or in vacuo 
over hydrate of potassium. It ciystaHises in oblique rhombic prisms, truncated on 
the lateral edges, very soluble in water and alcohol. According to Pasteur (Ann. Ch 
Phys, [3] xxxi. 91), the crystals are mohoclinic prisms, usually exhibiting the feces 
»P, ooPoo , oP, — P. Inclination of ooP : ooPin the orthodiagonal principal section 

« 110 °; oP : ooPoo «=* 86° 61 *; — Pi — P =>* 132° 62 . The solution has no action on 

polarised light, 

Fumarate of Barium^ C^H'BaW (at 100° C.).— Fumaric acid does not pre- 
cipitate baryta-water or chloride of barium. Fumarate of barium is obtiiiiied by dis- 
solving fumaric acid in a hot solution of acetate of barium, or by mixing the two sub- 
stances in hot concentrated solutions. It is then deposited on cooling in anhydrous 
ciystalline grains. It majr also be prepared by adding fumarate of potassium or am- 
monium to chloride of barium, being then deposited in small, shining, rhomboi’dal, hy- 
drated prisms, which effloresce quickly in the air, giving off 15 per cent water, and 
when heated to 100° C. lose 20*81 per cent, water. It is very soluble in water and 
alcohol, not soluble in fumaric acid, or in any other acids in the dilute state. 

There does not appeal* to be an acid fumarate of barium. 

Fumarate of Calcium^ (at 200° C.). — This salt occurs in fumitory. 

Fumaric acid does not precipitate lime-water (Lasaigne), or chloride of calcium. 
From a hot-filtered solution of carbonate of calcium in fumaric acid, or from a niixturo 
of fumarate of potassium with acetate of calcium, colourless shining scales scpanite 
after a while, which are t^isteless, permanent in the air, and scarcely soluble in wat«T 
or alcohol. An aqueous mixture of fumaric acid and acetate of calcium deposits hi^lily 
lustrous crystals, which are sparingly soluble in water, insoluble in alcohol, give otf 
the gi’eatcr part of their water at 100° C., and the whole, amounting to 26*66 per cent. 
(3 at.) at 200° 

Fumarate of calcium, exposed for some weeks to the heat of summer, in contact with 
cheese, is converted into succinate : 

C^H'O^ + IP - C*E^O* 

Fumaric acid. Succinic acid. 

Fumarate of Cobalt^ CWCo*'0^ + 3 aq. — A mixture of fumaric acid andacet.itp 
of cobalt does not yield crystals by evaporation ; but on adding alcohol to the coii- 
centnited solution, fumarate of cobalt is deposited in tlie form of a rose-coloured pul- 
verulont precipitate. It is very soluble in water and in ammonia, slightly in weak 
alcohol. It gives off 2 at. water at 100° C., and 1 at. more at 200°, in aU 3 at. = 
23*82 per cent. 

Fumarate of Copper, — Fumarate of potassium added to cupric sulphate, throws 
down a pale blue crystalline powder, soluble in hydrochloric or nitric acid, insolulile 
ill water and alcohol. Aqueous cupric acetate, heated with fumaric acid till the latter 
dissolves, deposits a blue-green crystalline powder. This salt, after drying in the air, 
gives off 17*67 per cent, (rather more than 2 at.) water at 100° C., and 23:61 (3 at.) 
Si all at 200° ; at 230°, it suffers a total loss of 48 or 49 per cent., assuming at the 
same time a brown colour and being partially decomposed. It dissolves readily in 
nitric acid, with separation of fumaric acid ; slowly in water and alcohol, and is in- 
soluble in boiling fumaric acid. (Rieckher.) 

Fumarate of Cuprammonium is deposited in shining dark blue octahedrons on 
evaporating a solution of fumarate of copper in ammonia. On adding alcohol to this 
solution, the salt is precipitated in silky blue needles. 

= C^H^C®H‘^)*0*. Fumaric ether. Hagen (Ann. 
Ch. Phaim. xxxviii. 274), — A solution of fumaric or of malic acid in absolute alcohol 
is saturated with hydrochloric acid gas, the mixture distilled, find the fhmaric ether, 
which pasfies over after the hydrocliloric ether, and when the heat has risen wnsider- 
ably, is collected in a separate receiver, and dried over chloride of calcium. It is an oily 
liquid, heavier than water, and having a pleasant fruity odour ; slightly soluble in water.^ 

The ether heated with potash-ley, is resolved into frmarate of potassium and alcohol. 
Treated with aqueous ammonia, it deposits after some time crystals of ftmuixamide : 

Fumarate of Iron (fenki ), — ^Recently precipitated ferric hydrate does not dis- 
solve in aqueous fumaric acid, even with the aid of heat. The a(|U60us acid forms a 
brownish yellow precipitate with ferric snlphate. Fumarate of ammonium or sodiom 
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forms with sesquichloride of iron a pale brown- red precipitate, insoluble in excess of 
the amnionia-flalt (whereby it is distinguished from the precipitate formed by succinic 
acid). It is very bulky, and difficult to wash ; soluble in acids but not in ammonia ; 
and whether precipitated from cold or from hot solutions, contains after drying at 
200° 0. 44-08 per cent, ferric oxide. 

funiarates of Lead , — 1. Neutral ot Monoplumbic saU, C*H^Pb"0*(at 200° C.).— 
Mahite of lead is converted at 200° C. into fuman^te (Rieckhcr). The dilute potas- 
sium-salt mixed with acetate of load acidulated with acetic acid, throws down a white 
c*rvstivUine powder, which dissolves on boiling, and crystallises after a while, on cooling, 
in white shining tufts of needles. Tlio free acid behaves in >l similar manner with 
noutnil acetate of lead. The diMcd salt does not doccjirjpose at 20^° C. AVheri heated 
over H fiamo, it takes fire and burns iiway with a glimmering light, leaving n mixturo 
of lead and a small quantity of protoxide. Tlie nee<lh;s, after tlryiiig in the air, cont.j^ j 
1(; 28 per cent. (3 at.) water (Pelouze) ; 9-31 per cent. (2 at.) tiecoj\liiig to Jti cckh e r. 
The salt dissolves readily in nitric acid, with separation of fiimaric acid ; it is nearly in- 
soluble in cold water, and in strong acetic acid, but dissolves with tolerable facility in 
boiling water, separating out again unchanged on cooling. It is insoluble in alcoliol. 

2. A trijdtinihic satt^ Pb"0.2C^lI^Pb"0* (at 2o0° C.), is obtained by precipitating basic 
ncetiite of lead with acid fuinarate of potassium. The white precipitate, which quickly 
6ink.s down, gives off all its water of crystallisation at 130° C., and bears a teinpcraturo 
uf 280° without decomposition. (Ri eckh or.) 

3. Another iripluvibic salt^ 2Pb"0.C^H‘‘Pb"O'* (at 200° C.), is obtained by treating the 
neutral salt with ammonia. (Rieekhor.) 

Fumarate of Magnesium^ C‘lPMg'TP (at 200° C.). — Fnmaric acid mixed with 
aqueous acetate of mfiguesium, and evaporated ttj a syrup, yiekls no crystals ; but if the 
preuter part of the acetic acid be expelled by thorough drying in the water-lmtb, and 
the residue exhausted with alcohol, fumara'te of magnesium remains undissolved, in the 
form of a white powder, which gives off 34*48 p)cr cunt. (4 at.) water at 200° C., but 


only 2 at. at 100°. 

Fuinarate of Manganese, -i- 3aq.— Fumarato of nmraoniuTn ad<lc<l 

to a solution of manganous sulphate precipitates tliis salt in flic form of a wliif»< 
pavder. When fumaric acid is heated with solution of iminganons acetate, a wliite 
l‘()wdt'ris formed, containing 3 at. = 24*7 per cent, water, which it gives off at lOU^C, 
T)n‘ salt is sparingly soluble in water, insoluble in alcohol. 

Fumar ate s of Mercury, — 1. Mercuric -Tho potassium -salt throws down 
from the solution of mercuric chloride, a mixture of yellow needles and a white erys- 
lalliac salt. Free fumaric acid gives no precipitate, cither with corrosive suldimate or 
with mercuric nitrate ; it does not dissolve mercuric oxide, even with the aid of heaU 
(Rieckhcr.) 

Mreurous salt, — An aqueous solution of mercurous nitrate forms with fumaric a id 
er alkaline fiimarates, a white crystalline precipitate, which suffers no pt)i*ceptil>lo 
and no change of colour at 100° C. (Rieekhor.) 

Fuinarate o f Nickel, — Obtained like the cobalt-salt. Pale green powder, wdiieh, 
after drying in the air, gives off 26-49 per cent, (rather more than 3 at.) water, 3()-()l 
ptr cent. (4 at.) in all at 200° 0., and at 230° suffers u total lo.ss of 30-22 per cent, with 
colouring and partial decomposition. It dissolves in water, weak alcohol, and ammonia. 
(Kicckher.) 

Fuinarates of Potassium, — 1. The neutral salt, C^IPK'O^ + 2 aq., obtained hy 
Neutralising the acid with aqueous carbonate of potassium, and evaporating, forms 
transparent, colourless rhombic tables and four-sided prisms, often aggregated 
in .stars, permanent in the air, and having a mild, scarcely saline taste (Winckler); 
nr hnninse united in nidiating groups (Pelouze). The salt effloresces during the 
cvfiporation of its solution, but deposits shining stria t.ed prisms at the bottom of the 
yessol ; sometimes the solution yields on evaporation a liquid which, in 12 to 24 hours, 
is converted into a crystalline powder. The crystals become opaque at a gentle nt:at, 
Rndgive oflf 17*06 percent. (4 nt.) water at 100° C. ; at a higher temi>erafure, they melt 
imperfectly, blacken, swell up to ten times their original bulk, and leave a residue o 
<^harcoal and carbonate of potassium. The salt dissolves readily in water, bu no in 
alcohol (Rieckhcr). From a concentrated aqueous solution, atretic acid throws down 
the acid potassium-salt ; alcohol, the neutral salt, containing 16-61 ^ler cent ( ere ore 
2 at.) water of crystallisation. , . « 

2. Acid salt, C<H*KOt--From the cold-saturated aqueous solution of the neutral 
salt, water saturated with fumaric acid precipitates the acid salt in needles. It forms 
"hiring, tufted needles, and oblique four-sided prisms permanent in the air, and 
haring a pleasant, strongly sour taste. They give off 1 at water a 2 •» 

dwompoae at. a h\her temperature, like the neutral Kijt. They dissolve 
•buadantly in col<f water than tie neutral salt, plentifully in tailing water; are nearly 



746 FUMABIC ANHYDBIDE^FUMARIMIDfi;: 


insoluble in cold alcohol of 81 per cent, but dissolve sparingly therein at a boiling heat, 
and crystallise on cooling. 

Fu mar ate of Silver^ CWAg^Ot — ^Free fumaric acid added to nitrate of silver 
throws down a fine white powder (Lassaigne). ^ The acid, even when dissolved in 
200,000 pts. of water, still precipitates silver-solution ; and alkaline fomarates preciiii- 
tate it even at higher degrees of dilution, so completely, indeed, that the filtrate shows 
no turbidity on the addition of hydrochloric acid (P e 1 o u z e). The powder, after being 
washed and dried in the dark, is white, tolerably heavy, nearly tasteless, and adheres to 
the fingers. It turns brown when heated, afterwards decomposes, with sliglit detonation 
and sparkling, and leaves a bulky, velvet-black mass, which leaves metallic silver 
when burnt. When heated, it deflagrates like gunpowder. It dissolves readily in 
nitric acid, with liboration of fumaric acid. It is insoluble in water, and is not de. 
composed by continued boiling. It dissolves readily in ammonia, and when tlie am- 
monia evaporates, yields delicate shining prisms, which give off poUish when treated 
with ammonia. 

Fu mar ate of CWNaW.-— The salt precipitated by alcohol from I ho 

aqueous solution, is a crystalline powder containing 10‘03 per cent. (1 at,) water; whoii 
the solution is evapomted, the salt crystallises in needles and prisms containinfi 25’12 
per cent (3 at.) water. The water escapes, for the most part, at 100*^ C., completely 
at 200®, and the residue contains 38*77 per cent. soda. It is a crystilliinj mass o.ii- 
sisting of needles, permanent in the air, having a faint silky lustre, and a warm 
taste; it behaves in the fire like the potassium-salt, dissolves readily in cold water, 
but is insoluble in alcohol. 

It does not appear possible to prepare an acid fumarate of sodium or afumaraie <>J 
sodium and potassium, or of ammonium and potassium, (Pieckher.) 

Fumarate of Strontium, CWSf'^O* + 3 aq.— Aqueous fumaric acid docs not 
precipitate strontia- water ; but on adding the acid to a solution of actuate of strontim i. 
H white crystalline powder is precipitated, consisting of fiimarato of strontium with 
3 at. water. It is very slightly soluble in water and in alcohol. 

Fumarate of Zinc, C^Zn^O^ + 3 aq. — Aqueotis fumaric acid, saturated at the 
boiling heat with oxide or carbonate of zinc, yields, on further concentrat ion, lurie 
oblique prisms having a vitreous lustre ; very soluble in water, but insoluble in alco* 
bol, and containing 3 at. crysta llisation -water ; but the same solution, it left to cv;i)ii>* 
rate spontaneously in a cool place, yields crystals which contain 4 at. water (29'0() [k p 
cent.) and clfloresco in the air. 

rVZIKARZC AlTHTBRZBfi, =» (C^H^O^r.O. (Polouze, Ann. Ch. 

Phys. [2] Ivi, 72.)— This body, which may also be regarded as maleic anbydnilc, 
produced when maleic or fumaric acid is heated. To prepare it, erystulHsed nialcii- 
acid is rapidly distilled, with change of receiver, till nothing but crystallised fumaric 
acid remains behind; and the last distillate (the first being watery) is repoati’dly 
rectified in the same manner, the first watery portion of the distillate bring each turn* 
sot aside, till the last distillate passps over completely, witliout fii-st yielding water, and 
without lesiving a residue of fumaric acid. 

The anhydride melts at 57® 0., and boils at 170®. "Wlien slightly heated above iln 
boiling point, it decomposes, turning brown, and giving off gits. 


PVXIfilJlZC STBSR. See Fum abate of Ethyl (p. 744). 


rVMARZMZBB. C^NH^O* 




(Dessaignes, Compt. rond. 


XXX. 324 ; J. Wolff, Ann. Ch. Pharm. Ixxv. 293.)— Formed by the action of heat on 
acid raalate of ammonium. When this salt is heated in an oil-bath to ICO®— 200 U 
it melts, swells up, gives off water containing a veiy small quantity of ammonia, ana 
leaves a reddish, transparent, somewhat resinous mass, very sparingly soluble in water, 
even at the boiling heat. This residue, after being washed with hot water, 
amorphous powder, having a pale brick-red colour and earthy taste. When 
100®, it exhibits the composition of fumarimide + J at. water (Dessaignes). ' 
the residue obtained as above is exhausted with boiling water, the wash-water yi^ ^ 
on cooling, a fine white powder, which remains suspended in the liquid, but is imniedia e y 
precipitated by acids. This substance, after bring several times 
and reprecipitated, exhibits neariy the composition of anhydrous fumarimide. ( w oi q 
Fumarimide is a very stable substance. It dissolves in hot concentrated aciu^ 
whence it is precipitated by water without alteration, even after 
eoconds. But if heated for five or six hours with hydrochloric or nitric acid, and tn 
evaporated to dryness, it yields a crystalline residue containing a compouna 
hy«whloric or nitric acid with optically inactive aspartic acid: 

+ 2H^O - 

Fumarimide. Aspartic add. 
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Acid maloate and acid fiimwate of ammopium yield, by dry distillation, a snbstanca 
jpsely ^mbling fiimanmide in most of its reactions, but not identical with it 


rna******- , -f" orgmic base, contained in fumitory (^KmaWn vffHnalia) first 

olsorved by 13^ P' ‘'""y examined 

bv Hannon (J. Ckim. mid. [3] viii. 7«5). The plant grown on a well-manured soil, 
aiid gathered in June or July while m lull flower, contains from 6 to 6 per cent of Mug 
biise, to which it appears to owe its specific physiological action. To obtain it the 
plant is beaten up to a pulp with an equal weight of water, the pulp acidulated 
vith acetic or hydrochloric acid, then heated for soino hours over the wjiter- 
ktli, and filtered. The filtrate evaporattnl to a syrup is treated with boiling 
alcohol, which dissolves the acetate or hydrochlorate of fumarine, and, after conconf ra- 
riou and decolorisation with animal charcoal, dejiosits it in slender needles. Ortho 
expre-sHcd and filtered juice of the plant is mixed witli twice its bulk of water, and 
precipitated with basic acetate of lead, the excess of load is reniovtHi from the filtrate 
with dilute sulphuric acid, and the liquid is evaporated ; it then <leposits crystalline 
gulphato of fumarine. (Hannon.) 

Fumarine is separated from ita salts by caustic alkalis or their carlmnates, in the 
ffirni of a eiirdy precipitate. It may be oVdaimal in the crystalline form by spontaneoug 
mponitiou of its hot alcoholic solution, but not by evaporation with tlie aid of heat. 
The salts have a bitter taste. (Hannon.) 

ruMAAOILBS. See Volcanic Emanations. 

rUMARYB, CHI.011ZDB or. CHHO^.Cl*. (Kok ul ([s Ann. Ch. Pliarm. Siippl. 
ii. 85; Kcp. Chi in. pure, 1803, p. 31.) — Produced by the action of pcrchloride of 
phosphorus on fumaric acid : 

(C*h*07'|q5 ^ pci>.a* = (C'lwy.cp + pcho + ipo. 


When purified, it boils at 160^ C. It unites directly with 2 at. bromine and is con- 
p rted into chloride of dibromosuccinyi, 

FVMZGATZOlsr. See the article Disinfectant in Urc^s Dlclloiiar^ of Arta^ 
Uanvfacturc8y mid MimSy ii. 27. 

TOMZirO XiZQirOR OF BOTZiB. A mixture of two or more sulphidt'S of 
aiiimonium, obtained by distilling sulphur with sal-uinnioniac and quick lime (i. 1 01). 

FUMING ZiZQUOB OF CADBT. A mixture of cacodyl and oxide of 
cacodyl, obtained by distilling acetate of potassium with arseiiious anhydride (i. 403). 
FUMING XiXqUOB OF XiXBAVXirS. Tetrachloride of tin. 

FUNGIC ACZB. The name given by Braconnot to an acid whicli he found to 
exist in a considerable number of agarics (Ann. Cliini. Ixxix. 205 ; Ann. Ch. Tiiys. 
XXX. 272), According to De.s8aignes, however ((3onipt. rmid. xxxvii. 782), the acid 
in <]Uostion is nothing but a mixl ure of citric, malic, and phosphoric aculs. 
FUNJXZTBw A green coccolite. 

rUBFVRAMZBB. C‘*H'-NW - ^ . (Fownes, Phil. Tran.^. 

1845, 253.) — An amide, produced by the action of ammonia on furfurol : 

3C*n^02 + 2NH* = C'»H''N20» + 3IPO. 
lurfurol set aside with five times its volume of aqueous ammonia, is converted, par- 
tially in a few hours, and completely after a longer time, into a yellowish-wliite, bulky, 
<'n’Ntalline maSvS of furfuramide. A mixture of aqueous furfurol and animonia yields 
tho same compound, in a few days, purer and whiter, ^'lie resulting ycllowish-whilo 
mass Truly be dissolved in hot alcohol, and crystal! isijs tliorefrom on cooling in short 
noedles united in tufts. 

furfuramide is fusible, nearly inodorous when dry, insoluble in cold water, but 
easily eolulde in alcohol and ether. It burns with a smoky flame and leaves a small 
quantity of charcoaL When exposed to dam'p air^ or heated with ivaliT or alcohol, it 
m slowly resolved into ammonia and furfurol; acids produce this decomposition in- 
<^tantly. Furfuramide boiled with dilute potash~lei/, is converted, without the slightest 
®Tolution of ammonia, into furfurino (Fownes). Furfuramide treated with^fw/- 
yh ydric add yields thiofnrfol. (Cahours.) 
nRFURIXrR. (Fownes, Phil. Trans. 1845, 253 ; Stenhouse, 

^A* Ixxiv. 289; Svanberg and Bergstrund, J. pr. Chem. Ixvi. 239.) 

j-An organic base, isomeric with furfuramide, and produced therefrom under the in- 
u^ce of caustic potash, or simply of heat. 

I 1. Dried furfuramide is added foa laige quantity of ddutebojlingpofcasli- 

y > the liquid left to cool slowly after ten or fifteen minutes, whereupon the furfunne 
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which has separated in the form of a yellowish oil, solidifies, and the portion rema' • 
in solution crystallises out ; the whole of the lurfurine is collected on a filter 
with cold water, and dissolved in excess of boiling aqueous oxalic acid, fh)ln ^ 
impure acid oxalate of furfurine cprstallises on cooling ; this impure oxalate is w H i 
oil a filter with cold water, and dissolved in boiling water; the solution boiW f 
few minutes with animal charcoal previously purified by hydrocliloric acid, then filtrj 
at the boiling heat ; the pure whit>e salt which separates on cooling is dissolved in boil’ 
water, the solution supersaturated with ammonia, and filtered hot; and the crystuls^? 
furfurine, which form on cooling, are washed with cold water (Fownes). The crud 
base may also be purified by reputed solution in alcohol and precipitation with vat*r 
(Svanberg and Bergstrand). — 2. Furfuramide is also readily converted into far. 
furine by heating it for half an hour to 110® — 120® C. The resulting hrown mass 

dissolved in alcoliol, and treated with excess of oxalic acid, yields acid oxalate of fur!, 
furine, from which the base may be obtained as above. By this means furfurine may 
be prepared directly from furfurol, viz. by passing dry ammoniacal gas into furturcil 
heated to 110® — 120® C. The furfurol then turns brown, and in the course of half an 
hour to an hour, is converted into furfurine. (C. Bertagnini, Ann. Ch. rimnn 
Ixxxviii. 128.) 

Property a, — Fupfiirine crystallises in white, soft, silky needles, resembling those of 
cafifeine. It melts considerably below 100® C., to a nearly colourless oil, which, on 
cooling, solidifies to a soft resin, and afterwards to a resinous crystalline mass. It is 
permanent in the air (Fownes). When pei'fcictly dry, it remains unaltered on expo- 
sure to the air; but when moist, it quickly turns greyish -green, yellowish-brown, 
and often rod (Svanberg and Bergstrand). It is inodorous, and has but lilt le 
taste. It exhibits an alkaline reaction, which is particularly strong in the hot aqueous 
or alcoholic solution (F ownes). When a tolerably strong solution of neutr.Hl sulplmto 
of furfurine is heated, the precipitated brown powder (p. 749) separated by filtration, 
and the filtrate treated with ammonia, furfuriuo is precipitated, not in the pulverulent 
or crystalline state, hut in the form of a tough coherent mass, whieli, after a little, 
kneading, liecomes brittle and as hard as stone; the recently precipitated mass, when 
examined by the microscope, exhibits here and ther(‘ crystalline groups like .su(>w-fliik(r8. 
Fuifurino appears then, when heated, to pass, like quinine, into anotlier modlhcatiou 
(Svanberg and Bergstrand). It dissolves in 1*57 pts. of boiling water, and sepa- 
rates almost completely on cooling : readily in cold alcohol or ether, and crystallises 
when the solvent is evaporated. (Fownes.) 

Furfurine, when lieated in the air, burns wn'th a red smoky flame, and loaves a 
trace of charcoal (Fownes). Aqueous penodic acid decomposes it, with separation of 
iodine. (Bddokur, Ann. Ch. Phann. Ixxi. 64.) 

Furfkirine-4alts. Furfurine dissolves very readily in dilute acids and neutniliw^fs 
them completely. It expels ammonia from sal-ammoniac at a boiling heat, but at ordi- 
nary temperatures is itself precipitated frf>rn its combinations with acids, by amiuoiiin, 
potash, or soda. Tlie salts of furfiiririo have an extremely bitter taste. Tlu\y 111*0 
j>recipitat.od white by corrosive sublimate, yellow by dichloride of platinum, but give 
no precipitate with tincture of giills. (Fownes.) 

Acetate of Fur f urine is very soluble in water, and very difficult to crystallise. 

Carbonate. (?) — According to Ddbcreiner, furfurine unites with carbonic acid, 
conling to Davidson, on the contrary, the base dissolves in water through which carbonic 
acid is passed, but separates out unaltered when the solution is left to evaporate. 

Chromate (acid), 2C’*H*®N®OMT*0.2Cr^O®. — Orange-yellow powder, sparingly so- 
luble in cold -water, becoming brown when dry. (E. Davidson, Ed. N. Phil. J., 
Berios, ii. 284.) 

Hy dr ohr ornate, C'*II'*N*0*HBr + aq. — Short prismatic needles soluble in ‘26 pts 
water. (Davidson.) 

Hydrochlorate, + aq. — Dilute hydrochloric acid saturated witl 

furfurine, yields tufts of delicate, silky, neutral needles, which retain their lusto 
when dried in vacuo over sulphuric acid. They dissolve readily in water, less easil] 
in hydrochloric acid. (Fownes.) 

The chloroplaiinate, 2(C”fl'*N*0*.HCl).PtCB, is obtained a8 a light-yellow 
precipitate, on mixing the solution of the hydrochlorate with excess of chloride c 
platinum (Fownes). When the chloride of platinum is poured into a hot solution c 
hydrochlorate of furfurine in weak alcohol, the platinum-salt of furfurine separates 0 
cooling in long light-yellow needles resembling picrate of potassium. (Stenhouse- 

Hydrochlorate of furfurine also forms double salU with mercuric chloride (F owneS^ 
and with the chloridee of gold, pailadium and iridium* (Dob erei ner.) 

Hydriodate, -f- aq. — Colourless, slender, oblique four-sided prisiiu 

soluble in 55 pts. of cold water; soluble also in alcohol and ether. (Davidson.) 
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“id neutralist with furfurino yields the salt, after 
, while, in nodulM groups of ciysta s, which by reerystaHisation are obtained in 
roonodimc pnsms. The salt gives off 5’7 per cent, water between 100® 
td 12*1® C., and begins to turn yeUow at 130° (Karmrodt, Ann. Ch. Pharm. 
jxxxi. 171*) 

C**H**N 0 .HNO . -Transparent, colourless, highly lustrous, hard crystals 
vliich effloresce in vacuo over sulpliunc acid, and dissolve readily in water, slowly in 
nitric acid (Fownes). According to Stenhouse, it crystallises from the aqueous 
solution in long irregular acuminated crystals ; but from the alcoholic solutitin, in very 
regular rhombic prisms of considerable size and peculiar lustre ; if, however, very strong 
alcohol is used, the crystals, which are at first perfectly transparent, soon heeomo 
opaque, whereas those obtained from weak alcohol retain their lustre and transiia- 
rency. 

Oxalates.— The neutral oxalate forms tufts of noodles very soluble in water. Tlie 
acid oxalate forms thin transparent tables, which retain their lustre in a dry vaeimm, 
redden litmus strongly, and dissolve very sparingly in cold, n)orG readily in warm 
water. (Fownes.) 

perchlorate, C'®H**NW.HC10^ + aq.— Furfurine dissolved in warm very dilute 
ppr<*hloric acid, yields very long, thin, brittle prisms, having a glassy lustre and a 
(lisjigreeiihle, saline, bitter taste ; they effloresce at dOOG., molt at 150° to 160°, solidify- 
ing nil cooling to a glassy brittle mass, and explode at a higher temperature. They 
di«.solve readily in water and alcohol (Bddeker, Ann. Pharm, Ixxi. 63). The cry^stafs 
arc riglit rhombic prisms, having the angles of the lateral edges => 72° 33' and 107° 27 , 
the ol)tuse lateral edges truncated, tlio acute bevelled; cleavage from one obtuso 
latoral edge to the other. (Dauber, Ann. Ch. Pharm. Ixxi. 67.) 

Phosphates of Furfurine. — a» Metiiphosphate — When strongly ignited arn- 
monio-sodic phosphate was dissolved in water, the solution precipitated by chloridi^ of 
larinin, and the washed metaphosphate of barium digi^sttal for 24 liours with lurntral 
sulphate of furfurine, a filtrate was obtained which had a neutral remdion, l)iit did not 
yiiid any cry at alii sable compound. On evaporation, it left a gummy mass, which be- 
ciiiue black and glassy when heated. (S van berg and Berg strand.) 

b. Orilu)phosphates. — a. C‘*II'''*N^OMI*PO*. — A boiling alcoholic solution of fur- 
furiiie, mixed with a lurgo excess of ordinary plio.sphoric acid, deposits crystals on 
cooling, which gradually assume a brownish yellow colour, if left in tlio mother-liquor; 
hut if quickly taken out, and pressed between paper, retain their silvery lustre on sub- 
s(‘qiioiit exposure to the air. They are right four-sided prisms, so short tliat they a}»- 
pcar like thin laniiiiie. Tlie crystals do not diminish in weiglit or di'compose at 150° C., 
hut when more strongly heated, they assume a blackish grey colour, and between 
2U0® and 215°, melt into a black vitreous mass, which dissolv(!.s completely in warm 
ahitjhol, and then no longer exhibits tlie reactions of ordinary phosphoric acid. ’J'lio 
Kilt (lis.solves sparingly in cold, readily in hot water and alcohol, but appears to be iu- 
Koluhle in ether. (Svanb erg and Borgstrand.) 

0- (C'^II'^N*0“)*.1PP0‘‘. — Obtained by adding 1 at. furfurino dissolved in alcohol 
to :t solution of 1 at. of the salt c, and heating the niixlurc. The filtrate on cooling 
(h'posiis white, shining, oblique, four sided, anhydrous prisms, which in the dry state 
aro permanent in the air. They may be heated to 130° — 135° C. without decomposi- 
tion, but at higher terapomturcs behave like the salt o. The neutral salt dissolves 
ri'nilily in boiling water and alcohol, but is nearly insoluble in ether. (S van berg 

tndBergstrand.) 

7. (C'^H'^N^O®)* H*PO\—A solution of the salt a mixed with a large excess 
of the alcoholic solution of furfurine, deposits this salt on cooling in long oblique four- 
sided prisms, which are white and destitute of lustre; anhydrous; permanent in the 
rir; may be heated to 120*^ — 136° C. without dccompo.sition ; but at higluT tempcratiin's, 
behave like the two preceding salts. They dissolve readily in water and alcohol, but 
jory sparingly in ether. The solutions have an alkaline reaction. (Svaii berg and 
^ergstrand.) ^ ^ . 

-l^i/rcepkosphate fC*'^H”N*0»P + aq.— An alcoholic solution of furlnrine, 

H(*utralised , ^ ' 

yields a £ 

^ neutral reaction. 


, gives ofl 1*0 per . - 

214 per cent, more at 100° C. Hence if the P5 per cent be ^g ^ded a.s hygro- 
• Between 1 16° and 120° it 

(Sv a 11 berg and 


®ropi(», the salt muy be supposed to contain 1 at. water. 

^‘‘^unies a greyish aspect, apparently from incipient decomposili 

Snlpliiiric acid Batnratcd with furfurine, dc- 
Nito when evapoiuted, either by heat or under the ewiccalor, a blaek-hrown powder. 





PtlBFUROfci 


ynt^hydrocWorat^of f\irftiniie is decotaposed with sulphate t»f siW 
depoM^d from the coloured and acid mother-liquor. but they contaiii oid^ 
liulphunc acid, and therefore cannot consist of sulphate of furfunnA. ^ ^ P®fcet 
I Acid stdt, 3i aq.-When furfurine^ • 

what dilute sulphuric acid, and a slight excess of the acid added aflerthlT^w- 
been warmed, short four-sided prisms are soon deposited (irmrular ^ 

according to DaTidson), which dissolve readily in water, lew r!^ilv 
ether, and least of all in water acidulated with sulphuric acid. Tho^«ninf- l ' 
sour and bitter taste, and is coloured red by strong sulphuric adid Tha 
esces r^dily at ordinaiy temperatures, giving off all its water of crvst^ir 
amounUng to 21‘62 per cent. (Sj at.). Between 80° and 90° C. it loses 1 
pd appeara to decompose ; at a higher temperature, it cakes together 
into a black mass, whicli no longer dissolves completely in wS;er rSv«ni 
Bergstrand.) ' V^vauoerg au 

Tartrate of Furf urine (rtceW).--This salt crystallises from arather aeiH f 
of liirf^ine in tartaric acid, in oblique four-sided prisms, which are permanltt 
a,r, and do not give off wator at ISO® C. When treated with potsSh, th^idv! , 
ammonia. Ihc solution mixwl wU,h ammonia does not yield any precipitate oVfL 
nno (Svanberg and Bergstrand.) ^ t»oiiurfu 

Btbyl-Varmrlne. Tim llvf 1 T.,•r^r^ ^ . 

base is obtained by heating alcoholic furfurino with iodide of etliyl^to 100 °%”^/’"' 
scaled tube. It separates from a hot alcoholic solution as a mimmv mas., V,'., i ' 
spontaneous evaporation it imiy be obtained in fine crys(a].s derived from arm,)? 

(DlvidsLf;r*^tV“ 

Hydrate of Ethyl-furfurii^^^ ^m^^Ox.HO, according to Davidson, more pro- 

bably C»'/f'WO«. 2 /fO. or h|®> “ '’•''composing the hydriodnH 

with moist oxide of silver, and evaporating the filtrate. It is sympy, easily 8nl„I,|, 
in alcohol, sparingly in water, and ox puls ammonia from its salts at 100'^ C Tlio 
chloroplatinate has the composition 2(C'’Il*'’N-O®.IlCl).rt01'. ’ 

It does not appear possiblo to replace auotlicr atom of hydrogen in furfurino l.v 
ethyl or other alcohol-radicle. 

. == 0 >^n"((?ir’)N-^O®.-~Tho h.y(]riodato.oMainM 

by heating lurfurino with iodide of amyl for four days, is a gummy mass, wlii.-h <ii«. 
solves but sparingly m water, but may bo obtained in radio-crystalline masses. Th.* 
(Da^^efs o^n )^’ ^ powder sparingly soluble in water. 

[18311, Schw. J. Ixiii. 368.— Ann. Cli. 

rbfl ^iVaiis ^ 184 ^^ 9 ^xvii. 226.-Fowii.'.s 
I bil. Trails 1845 253; Ann. Ch. Pharm. liv. 52; Pharm. J. Trans. Tiii. ll.t- 

Cahours Ann. Ch. Phys, [3] xxiv. 277. ™ Schwanert, Ann. Ch. Pharm. cxvi. 2J7.) 

regarded as the aldcliyde of pyromncic aciil 
fC H O®), being convertible into that acid by oxidation: isomoriewith fucusol (n. 71fi). 
It IS produced by heating sugar, starch, bran, madder, and other vegetable sulUmims 
with dilute sulphuric acid, eitlier alone or mixed with peroxide of manganese, and 
appears to be a product of oxidation; thus, its formation fi-om starch might bo 
represented by the equation : ^ 

C®H*® 0 * + O® =: C*ir*0* + CO® + 3H®0, 
obtained it as a secondary-product in preparing formic acid by 
pt^roxido of manganese, callSl it Artificial oil 
A?7i^W69io^). The name furfurolis derived irom/wfur (bran) and 

From the exj^riments of Dobereiner and of Cahours, it would appear that sugar, 
stamh, and sawdust distilled with sulphuric acid alone, do not yield futfurol. According 
to Stenlmuse, on the other hand, chips or sliaving-s distilled with dilute sulphuric acid. 

1 the woody shell of the cocoa-nut, and mahogany. 

Ihe rorfuiXH obtained from mahogany is very free from resin, and more easily puriHf^ 
than that obtained from other sources. According to Emm et (Sill. Am. J. xxxii. HO), 
Bugw, starch, gum, and wood, distilled with sulphuric acid, so far diluted as not to 
exert any carbonising action, yields at 100° C. scarcely anything but farfiirol; but aa 
soon aa the residue blackens, nothing but formic acid is obtained. Fowues obtained 
only mdistinct indications of ftirfurol by distilling starch with dilute sulphuric add, 
and from recently washed linen, not a trace. He is of opinion that the S(^ of the 
ftii^rolisto bo found in the matter which lines the interior of the vegetaWe c* 
called by Payen, matUre inermtante. Furfurol is likewise obtained by heating braa 



;#imFtmoL; 




•itb • TStj strong solution of chlori^ of rina The greater the quantity of atawh in 
.1. h— n, the smaller is quantity of fhrfurol obtained. Pure niaivli nfiAfam 


Ittilled ’Tith ohlonde of zine, do not yield furftiroL Bran distiUod with chk)^ <rf 
wlcium does not yield furfurol, but possibly might do so if heated under presenret 
(iiabo, Ann. Ch. Pharm. lixiv 100)^ ^‘>““'1 ““o^g tl** products of 


obtaiuod. Pure starch and pectin 


JJfl drv distillation of ^ugar. (Volckol, 69.) 



of vitriol, 

iitte of sodium ; the liquid reaisrillod ; ttie distillAto saturated with cliloride of calcium ; 
and lastly, tho furfurol distilled off (Dobereiner).— 2. One part of wheat-flour or 
sawdust is distilled with 1 pt of oil of vitriol diluted with an equal bulk of water in 
ft copper still, which may be half filled with the mixture, the distilliitiou being conti- 
nued till the residue begins to char; the distillate, together witli about as much water 
as was at first used, poured back into the still ; the liquid redistilled nearly to dryness ; 
the formic and sulphurous acids in the distillate — which is rendered inilky by tho 
furfurol— satuniU^d with potash, which colours the liquid yellow; one-fourth of tlio 
liuiiid then distilled off; the rekulting distillate mixed with ii largo quantity of chloride 
of calcium and pjirtially distilled; and this process repeated, if necessary, till the 

1 . mU- rK'C nrVlirtll ia iik/t 1i,r an n r. it 4-1 1a. If *. 


oil of vitriol in a still, and the mixture stirred, till tlio pasty mass lias become liquid 
from formation of dextrin; the liquid is then distilled; 1 pt. more of water added as 
soon as sulphurous acid begins to escape ; the distillation continued till sulphurous 
acid iXJinea off in larger quantity ; the wliole distillate poured buck into tlie still ; half 
of it iKUircd off; and this hall’ neutralised, as in 2, with potash, &c. (Fownes.) — 
4. Twopts. of bran are distilled in a similar manner with 2 pts. of oil of vitriol and 
(j pts. of water ; by this process, 100 pts. of bran yield 0*8 jits. of furfurol (Fownes). 
In saUsequeut experiments, Fownes obtained, by distilling 04 oz. (troy) of wlie;it«bran 
with 32 oz. sulphuric acid and an equal volume of water, 1 oz. of furfurol ; and from 
f)l oz. wheat flour, treated in the same manner, about drm. of impure furfurol. — 
6. Six pts. of bran arc distilled with 6 pts. of oil of vitriol and 12 pts. of water in a 
cjipiicious still, till a strong odour of sulphurous acid is emitted, and the distillate 
is part inlly and repeatedly rectified over chloride of calcium. One hundred partsS of 
I ran yield by this process 2*6 pts. of foi'furol in all, part of which is held in solution 
ill the watery distillate, but may bo precipitated by ammonia in the form of furfiira- 
mido (C a hours). —6. To save tho repeated rectifications, the first dislillato may 
be immediately saturated with ammonia; the mixture set aside for 24 hours in a 
cool place, and shaken occasionally ; the furfurainidc whicli separal es is then to be dis- 
tilled witli dilute hydrochloric acid not in excess, and the dist illate rectified over 
chloride of calcium (Dbbereiner). — 7. According to iStcnhouflc, a very adran- 
t:ig('Ous process for preparing furfurol is to distil bran with more than half its weight 
of sulphuric acid previously diluted with 2 pts. of water. Hydrochlonc acid may also 
b^ used, but it has the disadvantage of distilling over with tho oil. To obtain fiirfuwl 
in Jiirgo quantity, Steiiliouse mixes 32 lbs. of wheat-bran with 20lh.s. of sulphuric acid, 
<hluted as just mentioned, in a capacious three-necked glazed eart henware Woulfe’s 
bottle (such AS are used in the preparation of nitric and hydrochloric aeids on the 
large scale); distils by passing steam into tho mixture; neutralises tJie strongly acid 



, containing „ 

proceeds in a similar manner, using 100 pts. strong sulphuric acid and 300 pts. water 
|o 100 pts. bran, and obtains 3 pts, of furfurol, partly directly, part ly after conversion 
into fui^ramide by ammonia and subsequent decomposition of that compound, by ihs- 
tillation with hydrochloric acid. — 8. Bran and chloride of zinc (intlic proportion of 3 
In 2i ; l)j in the state of solution, strong enough to form a damp m^s cohering lu 
lumps, are distilled together, whereupon water passes over first, then fimiirol, then hy- 
drochloric acid, and lastly a solid fatty mass consisting of margaric aeid with a small 
quantity of a hydrocarbon. The distillate is strained through linen, neutwliscd with 
t*otash. saturated with common salt, and rectified ; and tho furfurol, after bemg sepa- 
mtod from the water which passes over with it, is diied over chloride 
mn rectified. The watery portion of the distillato still contains a little thrfw^h 
ch may be converted into furfuramide as in (6). Six pounds of bran thus treated 
JJelded from 1 to 2 oz. and sometimes more of furfurol; bran containing a 
I^^’hon of starch yielded less (Babo, Ann. Ch. Pharm. Ixxxv. p0).--9. Tlie lu^t 
umndont and economical source of furfurol is in the preparation o garan 7 
Wiling madder with sulphuric acid. If tho wooden boilers in which garanom « 
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were . fitted, with condetiaen, fiirfhvol migfii be obtiined iu « 
-^Bajlll^ifithout expense. Furfurol ie ^so produced* diy boiling any kind 
Wpp^^prith solution dfeulphate of aluininium. (S ten ho use, ^ipistolary 

. Crude furfurol obtained fi? 0 Tn any of the preceding sources is always contaminatfHl 
with another aromatic oil, Metafurfuroly which has a highen boiling point ; oxidis 
vcTiy readily; is for the most pait converted during the distillation into a brown resi^ 
and when mixed with a few drops of strong sulphurjp, hydrochloric, or nitric acid 
immediately exhibits a purple coLmr, a reaction formerly indicated by Stenhonse and 
Fownes as characteristic of fiirfiirol ; pure furfurol does not exhibit it, Furfnrol may 
be freed from metafurfurol by repeated rectification ; the latter, being less volatile and 
much more oxidable, remains behind. The purity of the product may be tested liy 
boiling an aqueous solution of the furfurol for a few minutes with caustic potash, and 
treating the dark yellow liquid with excess of sulphuric or hydrochloric acid ; if nieta- 
furfurol is present, a deep red colour is produced ; if not, the colour remains unchanged. 
(Stenhouse.) 

Properties. — Furfurol when recently prepared is a colourless oil, but it soon turns 
yellow, even in the dark, and brown when exposed to light; under water these chnnpes 
take place less quickly (Fownes). According to Schwanert, the first portions offup. 
furol which distil over (? in the rectification) soon become darker coloured when im- 
mersed in water, or kept in sealed tubes; but the latter portions remain uenrly colour- 
less, a fact which seems to indicate the presence of a more volatile impurity in tl.n 
first portion. Pure furfurol, which will not alter by keeping, can only be obtjnncd Iv 
repeated rectification. 

Furfurol possesses great refracting power. It smells like a mixture of the oils of 
cinnamon and bitter almonds, and has an aromatic taste, like that of cinnamon oil. 
Specific gravity 1*1648 at 16*6° C. (Fownes). Boils at 162*8 — 163*3° in mdallic 
vessels with the barometer at 29*9" (Fownes), at 166° (Stenhouse), and volalilisos 
unchanged. Vapour-density « 3*344 (Ca hours), 3*49 (Fownes), calc. (2 vol.) 
3*328. It dissolves in 12 pts. water at 16*6° C. (Fownes), in 11 pts. at 13® (Slon- 
h ouse) ; it is very soluble in alcohol. 

Decompositions. — 1. Furfurol is very inflammablo, and bums with a yellow, ven- 
smoky flame. — 2. When its aqueous solution is boiled with recently precipitated 
of silver^ metallic silver is deposited, and the filtered liquid yields by evapomtion 
crystals of pyrorau cate of silver, C*TPAgO^ Hence furfurol is related to pyro- 
mucic acid in the same manner as common aldehyde to acetic acid. It likewise ex- 
hibits the characters of an aldehyde in combining with acid sulphite of sodiiua {vUl 
inf.). — 3. Hot nitric acid converts furfurol, with violent evolution of nitrous fumos, 
into oxalic acid. — 4. Strong sulphuric add dissolves it in the cold, without colour if 
pure, with purple-red colour if it contains metafurfurol, aud water added to flic solu- 
tion precipitates the furfurol unaltered ; but if the solution is heated, the furfurol is 
decomposed aud carbonised. — 5. Strong hydrochloric acid acts on furfurol in a siniibr 
manner. — 6. With and Aromjnc it forms resinous products. /orf/wc dissolves 

ill it abundantly, without violent action. — 7. Caustic potash dissolves furfurol slowly in 
the cold, forming a dark brown liquid from which acids throw down a resinous sub- 
stance ; the same reaction takes place more quickly on heating the liquid. — 8. Potas- 
sium with aid of heat, decomposes furfurol with violence. 

9. Furfurol left in contact with ammonia for a few hours, is completely converte«l 
into furfuramide. — 10. It dissolves in methylamine and ethylamine without decomposi- 
tion in the cold, but if heated it blackens, and a blackish resinous substance .separates 
containing only traces of nitrogen ; these bases do not therefore act upon furfurol uj 
the same manner as ammonia (Wurtz).— 11. With phenylamine, furfiirol forms a rail 
colouring matter (Stenhouse, Ann. Ch. Pharm. Ixxiv. 282). WTien an aqueous solu- 
tion of furfiirol is added, with constant agitation, to a solution of phenylamine in acetic 
acid of ordinary strength, the mixture turns red, and if sufficient furfurol solution 
been added, becomes colourless after a while, and deposits a dark-coloured viscid sub- 
stance, nearly insoluble in water, but soluble in alcohol, wood-spirit, and strong acetic 
acid ; ammonia dissolves it, forming a colourless solution, but the red colour reappears 
on adding acetic acid. The rod substance does not unite with mordants; it imparts u 
fine red colour to silk and wool, but the colour i’s very fugitive, fading quickly even lu 
the dark. (Persoz, R4p. Chim. app. 1860, 220.) 

Compound of Furfurol with acid Sulphite of Sodium^ 

Pure ftirfurol shaken up with a strong aqueous acid sulphite of sodium, dissolves aiuj 
forms a solution, which, when evaporated over oil of vitriol, or better, when coveretl 
with an equal volume of strong alcohol and loft to itself, deposits white or reaijisb 
laminse, having a fatty lustre ; they may be purified by treatment with strong alcohol, 
and reciystallisation from water under a layer of alcohol. (Schwanert) 



PlTS€51TE^tJSEL Oil,, 


763 

:• :■ ■ 


8ulphureii$d and Seleniuteited jOiTiOaHves of Furfiirol, 

compound, discovered by Cahours Ch. 


^Ofturfol. ^ — curapouna, aiscoverea by Cahours fj|£iin. Ch 

Phys. W .^y ^tion of sulphydrate of ammonium on a solul 

ion of furfttrol* or by slowly paasing sulphytoc acid gas through a solution of furfur- 
amide in a lai^ gtuaiifaty of alcohol, and washing the precipitated powder with 
alcohol As thus prepared, it is a yellowish crystalline powder; but if the sulphuretted 
hydrogen be pa^ qjiickly through a warm concentrated alcoholic solution of furfur- 
amide! the thiofurfol separates m the form of a resin, but with tlie same composition, 
Thiofurfol melts when heated, and yields a crystalline sublimate, having t 
position C“H*0’ ; probably thus : 

2 C*H*Oa 


le com- 


C®H®0» + CS*. 


Thiofurfol, heated in contact with the air, diffuses a strong repulsive odour, and 
bums with a bluish flame, somewhat smoky, and with the odour of siilpliurous acid. 

The compound C‘'H«0*. purified by two crystallisations from alcohol, appoara in 
colourless or yellowish, iridescent, long, hard, easily friable needles. It id violently 
iittackod by nitric acid, and converted into oxalic acid. It is insolubla in cold water 
but dissolves sparingly in hot water, wheiico it crystallises on cooling ; tolerably well 
iu ether; also m alcohol, especially when warm, forming a solution, which slowly turns 
brown on exposure to the air. (Cahours.) 

Selenloflorfol. C*H^OSg. — S clenhydric acid acts upon furfurol similarly to sul- 
I>h)'dric acid, the clear liquid becoming turbid and depositing solcniofurfol in the 
form of a resinous, very unstable substance. (Cahours.) 

nrSCXTfi. See ScAPOLiTB. 

FU&S&-OZ&. In the alcoholic fermentation of potatoes, corn, and the marc of 
gnipes, there are always formed, together with common alcohol, volatile oily bodies, 
which, for the most part, boil at higher temperatures than the ethylic alcohol, and 
therefore pass over with the latter portions of the distillate in the process of rectification, 
These oily products, designated by the general name of fusel-oil resemble each other in 
IhiMc taste and smell, which are nauseous and fiery, and likewise agree in composition, in 
soliir us they all contain ethylic and amylic alcohols ; but most of them contain in ad<li- 
lion, fatty acids and ether.s, and some contain other members of the alcohol-st'ries, 
C"Il*'‘+K), the nature and quantity of these products varying considerably, according 
tu the source from which the fUsel-oil is derived, and the circumstances of the fermen- 
tation. 


Potato-fusel-oil usually consists almost entirely of ethylic and amylic alcohols, 
the latter constituting the greater quantity ; it may bo freed from ethylic alcohol by 
agitating it with water, which dissolves the ethylic, with only a small proportion of 
tilt! amylic alcohol separating the oily liquid by a tap-funnel, and rectifying (see Amylio 
iit oHOL, i, 203). Some samples of potat.o-fusel-oil, however, contain tetrylic or bu- 
yli(^ alcohol C^H*®0, in addition to the preceding; in fact, it was in rectifying a 
unplo of this kind of fusel-oil, that Wurtz made the discovery of tetrylic alcohol 
Pompt. rend, xxxv. 310), This alcohol has likewise been found iu the fusel-oil from 
wt-molasaes. (Wurtz, Ann. Ch. Pharm. xciii. 107.) 

In fusel-oil from the brandy distilled from marc of grapes, Chancel (Compt. rend. 
«\vii. 410) found trity lie alcohol, C®H®0 ; and from the portion of the same kind 
f fusel-oil less volatile than amylic alcohol, Fagrt (ibid, 730) obtained a liquid which 
p supposed to be hexylic alcohol, C®II‘^0 ; but this result is doubtful. (See IIexyijo 
rCOHOL.) 

Most kinds of fusel-oil contain several members of the series of fatty acids, C“H®*0*. 
Howney (Chem. Soe, Qu. J. iv. 372) found in fusel-oil from the Scotch distilleries, 
ntor, ethylic alcohol, amylic alcohol, and a coloured oily residue insoluble in water, 
na containing capricacidintho form of caprate of amyl. 

Wither ill (Chem. Gaz. 1853, p. 281) found in neutral-fnsel-oil obteiiuHl as aresi- 
’Je in the preparation of alcohol. partly from wheat, partly from maize, acetic and 
appyiig acias, together with (less distinctly indicitted) formic, caproic and 
JUiithylic acids : also amylic and a little ethylic, but no butylic alcohol, 
oiling (J. Pharm. [3] xxv. 74) found in fusel-oil from the spirit of beet-mo- 
several volatile fatty acids (capric, caprylic, &c.), and a neutral ^t, answer- 
JK nearly to the formula or When heated, it gave off the odour 

' Hero lei n, and when saponified, yielded capric acid. ^ ^ 

iW heet-molasses has also been examined .i 

V. 300) with the following results. The portion which distilled l^tween 80 and 
C. . a otenhnis. Without anv appre- 
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only substance of more simple constitution contained In it being a 
which distilled at about 200® C., floated on water, and ^d not exhibit 
the reaction of an alcohol with perchloride of phosphorus. The portion of the above- 
mentioned residue which passed over between 140° and 200° was heated for some 
time to 100° with caustic potash-solution, and the upper layer of the product distilled 
by itself. The greater portion, containing ethylic, tetrylic, ’and amylic alcohols, dia. 
tilled between 94° and 135°; the small portions which distilled between 140° and lQQo 
did not contain hexylic or octylic alcohol, and the residue, which passed over between 
190° and 202°, consisted of the above-mentioned compound, C“H‘®0. The mixture of 
acids, separated from combination with the potash, cfjntainod in small quantity (pro. 
bably) valerianic, caproic, and cenanthylic acids, in larger quantity, caprylic 
and pel argonic acids. (See also A. Muller, J. pr. Chom. Ivi. 103; Jahreaber 
1851, p. 498.) 

Capri c acid has been found in potato-fusel-oil by S. W. Johnson. (J. pr. Chem. 
Ixvii. 262.) 

In rum fusel-oil from Surinam, G. J. Mulder (Jahresber. 1858, 302) found an un- 
saponifiable waxy body, together with palmitic acid, ocnanthic acid, and a very 
small quantity of ocnanthic ether. (See lire's Dictionary of Arts, kc. ii. 313.) 

Defuselation of Alcohol , — As fusel-oil imparts to alcohol a very un]>l('asant 
taste and smell, it becomes a matter of great importance to tlio distiller to remove it troni 
all spirit intended for drinking. The compleU* removal of the fusel-oil is, however, a uiatt. r 
of considerable difficulty, and indeed is seldom attained on the large sfa I e. tSimpli' 
distillation will not effect the object, although the boiling points of ethylic and amylio 
alcohols differ from one another very considerably, eoTnmon alcohol boiling at 7il° 0., 
and amylic alcohol at 132°. If, however, the spirit bo diluted with water before rocii- 
fleation, and the strong spirit which comes over at first be collected apart, and this 
operation repeated several times, a tolerably pure spirit will at length b<} ol.taiiud, 
though at considerable expense and loss. In the modern stills constructed so that tlio 
^ore condensable portions of the vapour may be lujuefiod and flow back again, ly fir 
the greater portion of the fusel-oil is thus removed at once, together with the water, and 
a comparatively pure distillate is obtained. Still, however, a certain portion of the 
fusel-oil always diffuses into the alcohol-vapour and passes over vith it 

For the complete defuselation of spirit, various methods have been devised, but that 
which is most generally adopted consists in absorbing the fusel-oil by woodckarcoal 
To give the chixrcoal its full absorbing power, it must be recently ignited and left to 
cool in well-closed vessels ; it is then reduced to coarse powder in rotating barnds con- 
taining a few iron balls. To effect the defuselation with the smallest possible quantity 
of charcoal, the spirit may be made to trickle through a number of casks filJed vith 
the charcoal and placed one above the other. According to Liidersdorff (I)ingl. pol. 
J. xc. 369), 2 quarts (op 2*28 litres) of spirit of 80 per cent. Tralles, require for defu- 
selation the flowing quantities of different kinds of charcoal : — 


Lime charcoal . 






Folato-spirit. 

Ounces. 

• • it • 

Corn-ipirlt. 

Ounces. 

. ^ 

Fir „ 

, 


, 



. 2? 

Birch „ 

, 





. 2J . 

. 3| 

Willow „ 






. . 3| . 

. 6 

Oak „ 

, 


, 



. . 4§ . 

. 8 

Bone-black 

. 


. 



. 10 . 

. 14 


These numbers must however bo understood as merely approximate expressions of 
the relative defhselising power of the several kinds of charcoal, inasmuch as the detec- 
tion of small quantities of fusel- oil in spirit is a matter of considerable difficulty. 

In practice, however, the treatment of spirit with charcoal in the cold is seldom 
adopted, since a large quantity ,of spirit remains in the charcoal and a considerable 
portion of it is lost by volatilisation during the transference of the saturated charcoal 
to the still ; moreover this operation takes a great deal of time. For this rewon it is 
more usual to add the charcoal to the spirit in the rectifying apparatus — which, Iww- 
ever, is a bad meth^ and never yields spirit free from fusel-oil, at least in the firs* 
portions of the distillate ; a better meth<^ is to pass the vapour of the spirit through 
an apparatus filled with charcoal, before it is condensed. , . 

Various methods of defuselation have been proposed, but for the ihost jjart with in- 
different results, which consist in adding to the charcoal certain chemical reag^ts 
that will act upon the fusel-oil ; or in treating the alcohol with these reagents 
defuselation with charcoal, and before rectification ; or in using these reagents without 
the charcoal . v 

Peters (Bingl. ^1 J. cviii. 79) introduces between the charcoal in the cftsK^ 
used in the cold-aigesting process, a layer of fine pulverised perosidt of 
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D^plae^ between two pieces of flannel. Hourier (tJjy. cxvi. 68) uses cliarcoal 
mixed with half its weight of slaked lime^ also for cold digestion; /alhau {jUnd, c. 801 
^ses charcoal ifiath soap-^lerd lye. A method very generally practised, is the addition 
of solution of cAfontf so/ before itectiflcation to the spirit previously defuselised 
^th charcoal (1 lb. of saturated solution of chloride of lime to 150 litres of spirit). 
One-third of this quantity of chloride of lime is however sufficient, if, after it has been 
mixed with the spirit^ an equivalent quantity of chloride of zuvc bo added, hypochlo- 
rite of rinc being then formed, which is easily decomposed (Bingl. pol. J. clviii. 378). 
Stein {ihid. cxxxviii. 429) causes the vapour of the spirit to pass through a mixture 
of 2 pts. chloride of calcium and 1 pt. charcoal^ whereby it is defuselised and dehy- 
drated at the same time, Knop (Phurm. Centr. 1847» p. 687) mixes the spirit with a 
solution of cupric sulphate precipitated by potash, theh adds excess of the alkali, and 
digests for some time, whereby cuprous oxide is formed. 

The use of lime alone, or of potash, or of strong sulphuric or nitric acid is not to be 
recommended, inasmuch as tho two former exert but little action, and the acids pro- 
duce compound ethers, which give the spirit a peculiar odour not exactly that which 
ifl desired, and at the same time do not completely decompose the fusel-oil. IT iin efeld 
(Erdmann’s Journ. f. technischo Chemie, xi. 527) uses mangannfe of potassimn (mi?i'ral 
chamcBleon), which, however, acts upon the alcohol as well as upon the fusel-oil ; also 
chloride of lime, which gives tho spirit a somewhat unpleasant odour. 

Milk has long been used as a defuselising agent (Er dm. Journ. f. techn. Chom. xv. 
.•iDO), its action being probably due to the fat which it contains. Breton (Moniteur 
iiidustr. 1868, p. 2308) states that olive oil shaken up with spirit containing fusel oil 
takes up the whole of that impurity, and when the whole is left at rest, settles down 
and may be separated by filtration. For operating on the largo scale, he recommends 
tlijit the spirit be filtered through a layer of pulverised pumice-stone slightly drenched 
with the oil. As soon as the oil in the pumice becomes saturat(‘d wdth fus(jl-oil, tho 
filtration is interrupted, and steam at the pressure of 2 or 3 atmospheres is passed 
through the pumice ; the fusel-oil then volatilises, and tho oiled pumice miiy he again 
used for defuselising. According to Kletzinsky (Dingl. pol. J. cxlviii. 160). good 
soda-soap dissolved in spirit (that prepared with the oleic acid of tlie stearic acid 
manufacture answers best) is capable of retaining 20 per cent, of its weiglif of fusel-oil 


when the spirit is distilled off from it, so that a distillate is obtained quite free from 
fusel-oil: 4 lbs. of soap are stated to be sufficient for defuselising 1 Prussian eimer 
(about 69 litres or 15 gallons) of spirit, whatever may be the proporf iou of alcohol 
contained in it. The soap after being used may be completely freed from fnscl-oil by 
distillation with steam at a temperature above 100® C., and may tlicn he usfvl for 
defuselising fresh quantities of impure spirit. Lastly, Vandeveldo (Dingl. pol. J. 
clvii. 240) states, that brandy may be completely freed from fusel-oil by cooling it to 
-15®C. the fusel-oil falling to tJm bottom. Tho brandy may then be decanted or 
filtered and rectified. The statement, however, requires confirmation. 

The best mode of detecting the presence of fusel-oil inspirit is to allow the spirit to 
pv;qK)rato slowly, as by rubbing it on the hand, or rinsing a glass out with it and 
leaving it to stand till the odour of the ethylic alcohol is no longer perceptible ; tlie 
smell of the fusel-oil, being then no longer disguised by tho alcohol, becomes appa- 
rent. Diluting the alcohol with, warm water likewise brings out the smell of the 
fusel-oil. The turbidity produced in silver solution by fusolated spirit does not afford 
a very trustworthy indication, since a like effect may arise from the presence of many 
other substances. Stein (Dingl. pol. J. civ. 169) places the spirit in a Jarge^ glass 
together with dry porous chloride of calcium, by which the ethylic alcohol is gra- 
dually absorbed, and keeps the vessel covered for some time ; the odour of the 
fusel-oil becomes very perceptible after about two hours. (Handw. d. Chem. 2** 
Aufl. ii. [3] 794.) 

^SXB&B K8TA&. An alloy of lead, tin and bismuth, which melts below the 
temperature of boiling water (i. 691). 

®'y8XOMr« See Hbat. 

^VBno. Two yellow dyes are known by this name, viz. oW /utUc, 
tfom Morns tinctoria^ and young fustic from Rnus Cotinus. (See Dteino, ii. 3oo.) 

•TO»x»r. The given by Preisaer to the colouring matter of Rhus Cotinus. 

,, 'OBTi. The radide homologous with lylyl, CH, vinyl, C’H*, &c.; some- 
called valyL . , j . v 

Rifutphide o/Fusvl, C*H« or O'^IPS’, is obtained, together with othw j»roducts, by 
*«t^ing diaulphochloride of amylene with excess of potash. It is a colourless 

Imdng a not unpleasant o4our, of specifle gravity ® “ 

la 9’’ iosolttbls in water, miscible in all proportions with alcohol and 
l^tthrie, Chem. Soc. Qu. J. xii 12«.) 

3 c 2 
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G. 

OABBAO. The Dame given by the Italian artists, and by L. von Buch, to a rook 
e^ntially composed of felspar and diallage, called by the French geologists eupho- 
tide. ^ Besides the essential constituents just mentioned, it contains talc, amphiboly 
or Hctinote, garnets, grains of pyrites, &c. This rock is abundant in the Alps. It ia 
found in great quantity among the rounded pebbles in the neighbourhood of the Lake 
of Genova. Von Buch met with it on the elevated portions of Monte Rosa, formimr 
considerable masses superposed on the micaceous schist, and mixed in several places 
with serpentine. The tops of the mountains of the territory of Genoa, which over- 
look the gulf of Spezzia, are composed principally of it. In Corsica it form.s districts 
of somewnat considerable extent, whence is aerived the vercle di Corsica^ a fine variety 
of this rock. The nno di prato, the verde di prato^ the granite di gahhro of tlio 
Florentines, are merely diallagcs, habitually metalloid, and mixed sonietimoH with 
serpcDtine, sometimes with felspar or jade, which are brought from the mountainH of 
Tuscany. (D’Aubisson.) 

Gabbro is closely related to serpentine (v. Buch, Gmonostiche jRrohachtmg(nj\ACA 
G. Rose (Bull. Soc. g^olog. [2] iv. 1061) observed at Zobtenborg, in Sil(‘sia, a strati- 
fied gabbro interposed between serpentine and granite, and resting on the latter. In 
some places it was converted into a green slate, at others into serpentine. 

The gabbro, or euphotide, of Mont Genfevre has been examined by Del esse (Ann. 
Min. [4] xvi. 238). The felspar of this rock, which contains water, belongs to Hit 
triclinic system (p. 619), but does not constantly exhibit the same composition, ap- 
proaching sometimes to labrador, sometimes to vosgite, sometimes to anortliite, whicli 
IS also the case in some of the porphyries of the Vosges. This gabbro also contains 
magnetic iron ore, frequently titaniierous or chromiferous iron pyrites, talc, and ser- 
pentine, the latter often in such quantity as to make it doubtful whether the rock should 
be called gabbro or serpentine. It likewise contains carbonates, generally a ferrou! 
carbonate with lime and magnesia, which occurs in the felspar and dial Inge crystals, as 
well as in the general mass of the rock. The felspar is the predominating constituent 
indeed, the properties of the entire formation do not differ much from those, of lel.'^pnr 

The composition of the entire rock is, according to Delesse, 45*00 silica, 26*83 ahnniui 
find ferric ojtide, 8*49 lime, 13*90 magnesia^ soda, and potash, and 5*78 curbouii 
anhydride. 

tfhe gabbro of Odern in the Vosges contains the same principal and subordinati 
constituents. At the points where it touches the transition-slate, the laminae of mici 
penetrate into this rock, and the gabbro passes by insensible gradations, soinotiTni'! 
into a kind of talcose slate, sometimes into a serpentine slate. The gabbro of Otlcn 
contains, in addition to the above constituents, amorphous quartz, calcspar, also epidote 
asbestos, and small crystals of albite and axinite. (Delesse, Ann. Min. [4] xvi. 325. 

The following are analyses: a. Of a fine-grained gabbro at tbo entrance of tli 
Radauthal, in the Harz, containing about equal quantities of labrador and diallagc 
with small quantities of magnetic iron-ore and traces of iron pyrites uniformly dia 
iributed through it (Koibel, Jahresber. t Chem. 1858, p. 768); b. Of a rockresem 
bling gabbro, occurring on the Bahammer mountain, near Christiania, containiuj 
fiugite, or hornblende, and diallago, more rarely, black mica (Kjerulf, ibid. 1855 


p. 10011 
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On the gabbro of Neurode in Silesia, see G. v. Rath {Fogg. Ann. xcv. 533 ; Jahrea 
ber. 1866, p. 999). On the relations between the occurrence of gabbro, greenstone 
hornblende-rock, and other allied rocks, on the one hand, and of metalliferous veins oi 
the other, see Burat (Ann. Min. [4] xiii. 361 ; Jahresber. 1847-8, p. 1284.) 

OABB110NZT3B. Syn. with Sckvozm. 

0A3OXirZO ACID. A ciystalline fatty acid, obtained fipom cod-liver oil. j 
turbid residue of this oil, after being heated and then cool^ to 6® C., deposited eri s 
talline laminje of this aci^ which were purified by saponifyiM with soda, precipitate 
with basic acetate of lead, washing the dried precipitate wito ether, decomposing n 
residue with hydrochloric acid, and rocrystallising from aleohoL The acid thus 
fied, melted between 63® and 64® C., and solidified again in a distinctly crystalline 
at 60®. From the analysis of the barium- and silver-salts, the formiua of the so 

* C»Cl» » 0*11 i Car* a 0*09 i =5 O-Sl. ; 



GADOLINITE-GALACTIN. 757 


vas concluded to bo C'»Zr«0»./r; which in rory improbable, (Luck, Chem. Centr. 
1837, 19h) 

OADOUXrzn. (Y'O’SiO* or 3rO.<SiO». Ytterbyte, (Dana, ii. 211 ; Gm. iih 
409 .)— A black mineral, inclining to brown or green. It in generally aniorphoua, but 
is occasionally met with in monoclinic prisms of about 11 5°. Cleavage imperfect. 
Transparent at tho angles. Powder, greyish-green. Harder tlmn felspar; readily 
Bcratches glass. Hardness ~ 6*6— 7*0. Specific gravity = 4-0— 4-36. Gadolinite 
is found in very small quantities only, disseminated amongst the p(>gmatit^s in tho 
neighbourhood of Fahlun, and at Ytterby in Sweden. It is sometimes coated with 
farhonate of yttrium. It is a silicate of yttrium, and serves for the preparation of 
yitria; it likewise contains ferrous and cerous oxides, togctlier with oxide of terbium 
ji„d oxide of erbium. (?) (M o s a nd er.) 

0 . Splintery Gadolinite , — Of splintery fracture. When this variety is heated before 
the blowpipe, it becomes suddenly incandescent, inenuisos in density, and becomes in- 
soluble in acids, ^nerally evolving a little water, and swelling up to a white, cauli- 
flower-likc mass. Dissolves readily in borax, yielding a green bead (from ferric oxide). 
Karverfort gadolinite parts with but little waiter when heated, dees not swell up, Imt 
fuses to a turbid, greyish, or reddish bead. .Splintery gadolinite dissolves in hydro- 
chloric acid, with separation of gelatinous silica ; but after heating, it is insoluble. 

h. Vitreous Gadolinite . — Of conchoi'dal fracture ; becomes brilliantly incandescent 
when gradually heated, turning greyish-green, and swelling up slightly, increasing 
lioinewhat in density. Its edges blacken before tho blowpipe, but it does not fuse, 
heliaves with borax and hydrochloric acid like a. 
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CABUZir, A peculiar brown substance contained in cod liver oiL (De Jongh.) 
OaGATSS. The anci ent name oi jet (D i o s c o r i d e s and P 1 i n y ), derived from 
tho river Gagus in Syria, near tho mouth of which it was found. 

Ga.BlO'ZTfi or Automolite. ( Al*)^‘Zn"0* orZnO.Al^Q*. (Dana, ii. 104 ; Om. v. 46.) 
A greenish or greyish mineral, sometimes transparent, but generally opaque. It crystal- 
lises in large regular octahedrons, often forming beautiful twin crystals. Its cleavage is 
Octahedral and perfect. Hardness *=* 8*0, Specific gravity — 4*1 — 4*3. Powder, pale 
bluish-green. Harder than quarte. Gahnito has only been found at hahlun, in 
Sweden, and at Franklin, New Jersey, disseminated amongst talcose slate. ^ 

Gtthnite does not melt before the blowpipe. Heated with carbonate of soda, it does not 
dissolve, but concretes to a dark slag, which, when heated on charcoal, yields an incrust- 
ation of oxide of zinc. Dissolves with great difficulty and very sparingly in bprM and 
aucroeosmic salt ; dissolves in a mixture of borax and carbonate of soda, yielding a 
clear bead, coloured with ferric oxide. Insoluble in aqueous acids and alkalis. 

Abicli. 

Fahlun. N. America. 

Magnesia 
Oxide of Zinc 
Ferrous oxide 
Alumina. 

Silica 

100*10 99*88 

0. F. Ii* 


3002 . . 34-80 

5-85 . . 4*69 

65-14 . . 67*05 

3 84 . . 1‘22 


_ o AXAOXnr. A geUtin-yielding Bubstance, said by M o r i n ( J. Pham. [3] xx v. 
423) to exist in milk. 
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OAXiAOTXTB. A calcareous variety of natrolite, found at Kilpatrick 
Bishoptown in Scotland. (Jahresber. f. Chem. vii 840, ix. 881.) 


end 


OA T i AM or 8BaA BITTTBB. A solid fat, much resembling palm-oil the nm. 
duce of a species of bassia {Basaia Parkii), indigenous in the interior of Africa • also 
of another tree, resembling the American oak, growing in West Africa. It Boflens nf 
about 36® C. (96® F.), and melts completely at 43*3® 0. (110® F.). It dissolves forthe 
most part in boiling alcohol, and perfectly in cold ether, separating in crystalline 
needles by cooling or evaporation, ^y saponification, it yields marganc add. T) 
Thomson and E. T. Wood, Phil. Mag. [3] xxxiv. 360.) ' ’ ’ 


aABAJOrOA or OAXiAKTOAB. A name applied to several roots possossinff 
aromatic properties. Two principal kin^ are described, viz. Qalanga minor and 
Galanga major. The former, which is most prized for its aromatic properties is ob 
tained from a plant of unknown species growing in China. It has a reddish colour an 
aromatic odour, and vei^ acrid taste. The neater galangal is the produce of a scita- 
minaceous plant, the Alpinia Galanga, of Wildenow, and a native of China and the 
Malayan archipelago. The roots are cylindrical ; reddish-brown externally, and marked 
with whitish circular rings, lighter coloured externally ; they have an agreeable aromatic 
odour, but less powerful than those of the lesser galangal, and a hot peppery taste Ac- 
cording to Bucholz, they contain in 100 parts:— 0‘50 volatile oil, 4*60 resin, 970 ex- 
tractive matter, 8*20 gum, 41*60 mucil^e, 21*65 woody-fibre, and 12-30 water. 
The root of Kmi^^eria Galanga, a scitaminaceous plant, growing in the mountainous 
districts beyond Chittagong, and fonnerly supposed to be the true galanga, yields a 
crystallisable principle called kaempferide (g^.v.) (Pelouzo ot Fr6my, Traite,^. 
368; Penny Cyclopmdia, xi. 35.) 


OAXiABSCTZTSf See Hallotsttb. 

OAXiBAinrM. A gum-resin, commonly supposed to be the produce of 
Galhanum^ an umbelliferous plant native of the Cape of Good Hope. This, however 
is doubtful. It is imported from Ethiopia and other parts of Africa, and from Persia! 
It comes over in masses composed of white, yellowish, brownish-yellow, and l^rown 
tears, unctuous to the touch, softening betwixt the fingers; of a bitterish, somewhat 
acrid, disagreeable taste, and a very strong smell ; generally full of bits of stalks, 
leaves, seeds, and other foreign matters. 

Galbunum contains more resinous than gummy matter : one pound yields with 
alcohol upwards of uine ounces and a half of resinous extract ; but the gummy extract 
obtained by water from the same quantity amounts only to about three ounces. The 
resin is hard, brittle, insipid, and inodorous. The gummy extract has somewhat of a 
nauseous taste. The whole smell, flavour, and specific taste of this juice reside in an 
essential oil, which rises in distillation both with water and spirit, and gives a strong 
impregnation to both. From a pound of galbanum are obtained, by distillation with 
water, six drachms of actual oil, besides what is retained by the water. In this 
respect galbanum agrees with asafoetida, and differs from ammoniacum. 

According to the analyses of Meissner and Pelletier, galbanum contains .* — 


Kesin 

Meissner. 

Pelletier 

• ••... 66'8 

66-86 

Gum 

• •••». 27*6 

19*28 

Vegetable mucilage 
Volatile oil 

••••.. 1*8 
* • • « . ■ 3*4 1 

6*34 

Water . 

-••••• 2*0) 

Insoluble matter 

• ••»•• 2*8 

7*52 


103*4’ 

100*00 


The resin may be extracted by alcohol ; it is of a dark yellow colour, transparent, 
and melts easily at the temperature of the water-bath. It contains, as the mean re- 
sult of Johnston’s analysis, 73*88 p.c. carbon, 8*46 hydrogen, and 17*67 oxygen. When 
heated to 120® to 130® (J., it yields, amongst other products, an oil of a fine indigo- 
colour, and very soluble in alcohol, to which it imparts ite colour. (Gerh. iv. 373.) 

From the recent experiments of Mdssmor (Ann. Ch. Pharm. cxix. 257), it appears 
that galbanum, distilled with water, yields about seven per cent of a voUWeoil, 
isomeric with oil of turpentine, which, after rectification, is colourless, has a 

density of 0*8842 at 9® C., and boils at 160®. It turns the plane of polarisation to the 
left, its specific rotatory power being 0'1867. Index of refraction — 1*4542. Like 
other camphenes, it forms a crystallisable compound with hydrochloric acid. 

The residue of the distillation consists of a resinous mass, and a turbid liquid 
containing gummy imd extractive m-itters. (This liquid, distilled with sulphuric 
acid, yielded an acid, the silver-salt of which was intermediate in composition 
between acetate and propionate of silver.) On boiling the resinous mass with 
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pill, of precipitatii^ the filtrate with hydrochloric acid, a honey-yellow 

^in WHS obtain^ alcohol and ether, containing irom 71-98 to 72-06 n a cur 

Io„,and8^ to 8-2 hjd^n peeing n^^^ Johneton’s analysis above ^qnot^ 
When heated to lOO^th alcrahohc hydrochloric acid, it yielded umbelliferona 
C*H‘0* aciTStatoebody previously obtained by SommerfArch. Pharm. [2] ^1^ 
by thedry distillation of galbanum and other resins derived from umbelliferius Hants' 
/See UMBBIXIFEROm) 

The purified galbanum resin yields by diy distillation a small quantity of water and 
R greenish blue Tiscid aromatic oil, which, after a while, solidifies to a crystalline pnlp • 
tiie oil may be separated from the crystallmo matter by repeated boiling with water* 
BDfl filtration through wet filters. The aqueous solution yields crystals of umbob 
liftTono. The viscid oil, after being freed from the last traces of that substance by 
troiifment with dilute potash, yields by repeated rectification a splendid blue oil 
(J20H3OO, which boils at 289° C., is soluble in alcohol, insoluble in alkalis, is resinised bv 
broDiiiie, coloured green by alcoholic ferric chloride, and yellowish-red by nitric acid"* 
in a freezing mixture, it quickly becomes viscid. By distillation witli sodimn it 
yields [a) a colourlcM oil boiling at 254^ ; and (A) by distillation with phospliorio 

anhydride, a yellowish oil, which boils between 260° and 263° Hence the blue 

. , , V , . nwjifli 


O20TT20 

oil appears to be an alcohol, jj 


tlie oU b an ether, 0. 


1 hydride, C^H*. H. (Mossmer.) ' 

CAXifSKTiL. Native sulphide of lead. See Lead, Sulphide op. 
GA&XPOT. See Turpentine. 

GAX.XTAimXG ACZB. See the next article. 


and the oil a 


GAIiIinil. The herb of Galium verum and G. Aparhw contains citric acid, 
prooipitable by neutral acetate of lead; galitannic acid, a pecnliar variety of tannic 
acid, ])recipitable from the filtrate by basic acetate of lead, and consisting, in the hy- 
pothetically anhydrous state, of (?) and rubichloric acid (^.-r.), preeijn- 

trited from the lost filtrate (together with sexbasic acetate of lead) by ammonia, 
riali tannic acid is most abunaant in Galium vtTum; citric acid in G. Aparine; and 
nd)icldoric acid occurs to about equal amount in both. (Schwarz, Ann. Ch. Phann. 
Ixxxiii. 67.) 

In Galium Mollu^o^ L. (the entire plant, excepting the root), Vielguth (Chera. 
f'entr, 1856, 423), found a camphor-like volatile oil, chlorophyll, fixed oil, wax, resin, 
albumin, starch, sugar, bitter principle, oxalic acid, a tannic acid which imparted a 
frroen colour to iron-salta (aspertaunic acid), citric acid, and rubichloric acid. The 
tiir-dried plant yielded 7*6 percent, ash, containing 14*6 per cent. K-O; 5*6 Na'^0; 23*4 
CaO; 7-6 MgO; 0*3 APO»; 0-6 PVO»; trace of Mn®OM*3 Cl; 6 9 SO®; 10*4 P®0*; 
11-1 SiO«; 40 sand; and 16-4 CO®. 


GAZiXi. See Bile. 


GAXiXiAIIKXC ACX1>. C^H’NO^. — This acid, which has the composition of acid 
pallato of ammonium minus 1 at. water [C’H® (NH*)0* — H’-'O], is obtained by adding to 
fill alcoholic solution of tannin a mixture of 1 pt. of a concentrated solution of sulphite of 
Hiiiinonium and 6 pts. of strong ammonia, until the whole smells strongly of ammonia. 
The object of adding the sulphite is to prevent tho oxidising action of the air. The 
liquor becomes heated, and gradually deepens in colour. It is c\mporatcd to dryness, 
and repeatedly exhausted with boiling alcohol. On evaporating the alcoholic liquors, 
pllamic acid is deposited, and is recrystalliscd from water slightly acidulated with 
hydrochloric acid. 

GaUamic acid ciystallises in beautiful rectangular pdates, having a fatty aspect, con- 
taining 2C^H'NO* + 3 aq. At 100° C. it loses its water (13’8 per cent.). It is very 
rapidly decomposed in presence of alkalis. E. A. 

(^AZiUSR'YTBXlOirXO ACZB. See Gallic Acid (p. 761). 


OAXXiHVMZC ACXB. Syn. with Metaoallic Acid. 

OAXiXiXC ACX3G. C'H®0» - | O®. (Gm. xii. 396; Gerh. iii. 867.) 

This acid, which was discovered by Scheele, exists, ready formed, in many plants, and 
IS also obtained by the metamorphosis of gallotannic acid (tannin). It is contained in 
Shunts, in sumatm, in hellebore root, in dibidivi, in the acorns of Qu^cus Mgylops, in 
^een and black tea, in ursi leaves, in sandalwood, in coichicum, in stiychnos 
and ill most astringent parts of plants. .... 

To obtain it from plants which at the same time contain tannin, an infasion of the 
plant is precipitated with gelatin ; the liquor separated from the filtrate is evaporated 
to dryness, and exhausted with alcohol ; the alcoholic solution is evaporatod ; and the 
^^sidneis exhausted by boiling water, which, on cooling, deposits gallic acid in crystals, 
hi'y arc purified by recrystallisarion and treatment with animH charcoal. 
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Gallic^ acid is, however, much more conveniently obtained by the motamorphoaia of 
the tannin in gilnuts (gallotannic acid). The gallnuts are powdered, and exposed to 
the air for about a month at a temperature of 20^-— 25^ 0., being kept continually 
moistened. The muss becomes covered with mould, which must be constantly removed 
At the expiration of that timo it is pressed. The liquor is colored deep brown, but eon- 
tains only a small quantity of gallic acid, the greater ^t of which remains in the residue. 
This is extracted by boiling water, and the ciystaJs which dewsit on cooling are re- 
dissolved in 8 times their weight of boiling water, and treated with animal charcoal. 
This method, though the least costly, requires a long time. The metamorphosis seems 
to depend on the action of a kind of nitrogenous ferment in the gallnut. If an extract 
of the gallnuts be employed, the metamorphosis also takes place, but much moro 
slowly. 

By the action of acids or alkalis, gallotannic acid is resolved into glucose and 
gallic acid : 

+ iWO « 3C’H«0» + 

Tannin. Gallic acid. Glucose, 

and this is the most convenient way of obtaining gallic acid. 

According to Liebig, the best mode of proceeding is to precipitate a solution of 
tannin by sulphuric acid, and introduce the precipitate into boiling dilute sulphuric 
acii After a few minutes, gallic acid is deposited in crystals. They are purified from 
sulphuric acid by repeated crystallisation, dissolved in boiling water, and acetate of 
lead added. The precipitate is washed, diffused in boiling water, and decomposed by 
sulphuretted hydrogen. The mixture filtered boiling, deposits coloured crystals on 
cooling. 

Gallic acid may be also obtained from tannin by the action of alkalis ; but this pro- 
cess is scarcely to bo recommended, from the readiness with which gallic acid is 
oxidised in presence of potash. 

Lastly, gallic acid is produced by the action of hot concentrated potash-solution on 
dUiodosalicylic acid: 

CWPO» + 2H*0 = + 2HI. 

Di-iodot>aUcylic Oallic acid* 

acid. 

A considerable portion of the gallic acid thus formed is, however, converted during the 
process into pyrogallic acid* (Lautemann, Ann. Ch, Pham. cmc. 317.) 

Gallic acid crystallises in long silky needles, or in triclinic prisms. Observed com- 
bination, oP , T . 00 'P . oop' , oof 00. Inclination of the faces, 'P : oofoo = 96 °; 
T : oo^T « 126° 20^; oofoo : oo/P = 84®; oo/P : ooP/ = 160°; T : oP - 110°; 
oof 00 op =* about 160°. Cleavage parallel to T; less distinct parallel to ooPoo. 
The ciystals are inodorous, and have an astringent slightly acid taste. They dissolve 
in 100 pts. of cold and in 3 pts. of boiling water, and the solution reddens litmus. 
They are veiy soluble in alcohol, less soluble in ether. They lose 2 at, » 9'6 per cent, 
of water at 100° C. 

Pure and dry gallic acid heated to 210° or 216° C. decomposes into pyrogallic 
acid and carbonic anhydride : 

caiw « CO» -I- C«H®0». 

Gallic acid. Pyrogallic acid. 

When gallic acid is kept for some time at 230° C., a brownish, lustrous, soluble residue 
is obtained, which precipitates gelatin, but not the vegetable alkalis. (Berzelius s 
gallulmic acid.) . /r i f 

When gallic acid is rapidly heated to 250° C., carbonic anhydride is given off; but 
instead of pyrogallic acid, a black ulmic compound is obtained, lustrous, tasteless, ana 
completely insoluble in water. This is metagallic acid {q.v,) It is soluble in the 
alkalis, and its alkaline salts precipitate the salts of the earths and metals. 

An aqueous solution of gallic acid does not change if excluded from the air ; but in the 
presence of oxyaen^ more especially in the presence of alkalis also, carbonic anhydride w 
disengaged, ana a black substance deposited. . i ^ t 

Pure gallic acid precipitates neither gelatin nor the vegetable alkalis, a deportment 
by which it is distin^isned from tannin ; but, when mixed with gum, it produces a 
precipitate with gelatin. . * 

Boiled with an excess of potash^ gallic acid is changed into a black acio, 
tannomelanic acid: 

C»H«0» + 0 « C^K)» + CO» + H*0 

Gallic acid. Tannomelanic 

acid. 

Solution of gallic acid, mixed with acid-carhonate of calcium and exposed te 
becomes ultimately of a dark blue colour. When the solution is boiled, carbonate o 
Cerium is deposited, and the liquid becomes colourless, but on cooling is again blua 
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rhis coloration is said by Wackenroder to be due to the formation of a peculiar 
acid, called gallerjrthronic or cyanogallic acid. 

Gently heated with concentrated sidphuric <md, gallic acid loses the elements of 
water, and becomes converted into pufigallic acid. 

liy the action of 4 at, of cUonde of acetyl on gallic acid, totracotylgallic acid 
is formed: C»H*0» + 4(C»H»OCl) =» 4HC1 + 

Gallic Chloride of Tetracetylgallic 

acid. acetyl, acid. 

It crystallises in small lustrous needles, which are difficultly soluble in water ; it is 
decomposed by the action of bases, forming gallatcs. 

Triacetylgallic acid, C’H*(C*H*0)*0*, dibutyrylgallic acid,C’ir(C*lPO)W, 
and di benzoyl gallic acid, C^H*(C’II®0)*0*, are similarly formed. (Nachbaur, 
j, pr. Chem. Lmi. 431i.) 

GtiUic acid is decomposed by permaTiganate of potasshimt with disengagement of 
carlx)nic acid ; the decolorisation of the perinangunato is so complete that a volumet ric 
method for determining gallic acid has been based on this reaction. (Morin, 
Gompt. rend. xlvi. 677.) 

Gallic acid reduces gold and silver salts to the metallic state. 

Gallic acid expels carbonic acid from its salts ; it is a tribasic acid, and forms three 
series of salts: Trimetallic gallate . , . 

Dimetallic gallate . . . Cai'M-'O* 

Monometallic gallate . . . CTH^MO® 


There are also basic and acid compounds. The alkaline gallabis are soluble. 

Aluminiu 7 n~salt. This body has no definite composition. 'When freshly preci- 
pitated hydrate of alumina is added to a solution of gallic acid, the latter is entirely 
precipitated, while the former is not altered in appearance. 

An add ammonium-salt^ C’IT*(NH^)0* + H*0, is prepared by saturating a solu- 
tion of gallic acid in absolute alcohol with ammoniacal gas. The salt which deposits 
is washed with alcohol, and then dissolved in the smallest quantity of boiling water. 
It crystallises in fine needles. 

The neutral or triammonic gallate is not known. 

Antimony -salt, — White precipitate obtained by the double decomposition of 
tartar-emetic and an alkaline gallate. 

Barium- saltf C**H*“Ba^'0**. — Freshly precipitated carlionato of barium is added to a 
boiling solution of gallic acid, as long as oilervescence is produced : the liquor diluted, 
filtered, and evaporated, yields crystals, wliich must bo removed as rapidly as they are 
jtroduc^. The more rapid the concentration, the purer the crystals. 

The calcium-salt, C“H*®0a"O'® + 2aq., is prepai*od in like manner. Thin pale 
yellow crusts composed of adherent needles. 

Cohalt-salt, C’H*Co'W + SH^O. — Deposited as a crimson powder when acetate of 
cobivlt is boiled with excess of gallic acid solution, and the mixture evaporated. 


C’II'Pb"0* + aq. — Obtained as a white precipitate, which becomes 
crystalline, by adding acetate of lead to an excess of a boiling solution of gallic acid. 

Bask lead-salt, C‘^H«Pb’0*®.Pb"0.— When gallic acid is added to an excess of a 
boiling acobite of lead solution, a white flaky precipitate is formed, which, by boiling, 
is converted into a yellow crystalline basic salt of Uio above composition. 

Iron-salt, — Ferric solutions colour gsillic acid of a deep blue. When the liqui<l 
is heated, it becomes decolorised, and carbonic acid is liberated, the ferric salt being 
reduced to the state of protoxide. According to Mabla, part of the gallic acid is 
converted into metagallic acid (^.v.) 

MagnesUim-salt,O^Vi‘^^^’0^ + 2H*0.— Obtained by boiling acetate of magnesium 
'rith excess of gallic acid, evaporating to dryness, and treating with alcohol bo remove 
flee gallic acid. The gallate of magnesium forms a light white powder, dilhcultly 
soluble in water. 

^dnganeae-salt, C^H^Mn^'O* + aq.— Obtained by double decomposition, ns a while 
granular, crystalline powder, which rapidly becomes bniwn in the air. 

llicktl^salt . — basic nickel-salt of variable composition is prepared by treating 
gidiic acid with carbonate of nickel. 

^^tassium-aalt, 2C"n»K0*.C'H®0» -I- 11*0.— As this salt is rapidly changed by 
fontact with the air, its preparation requires special precautions. An f 

of potash is gUduall/ added to an alcoLlic solution of ‘ 

I'fwpitato, which at first disappears, begins to ho permanent. « hquid b® then 
'Stated, the precipitate separates in white flakes. Thc^ arc flllorod 
'^'(h alcohol to remove frce^lHc acid, and then dis^iolvcd m water, coucontral. d, and 
I'^tcipitiited by alcohol in colourless needles. 
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Sodium^saltf C’H®NaO* + 3H*0. — Prepared in the same manner, and consists 
of fine needles, which lose their water of crystallisation at 100°. 

Sirontium-aalt, + 4H*0. — Prepared like the barium-salt, and con- 

sists of small needles, little soluble in water and insoluble in alcohol. 

Tin -salt, C’H*Sn''0*.Sn"0. — ^White crystalline powder, obtained by adding gallic 
acid to a solution of dichloride of tin, previously neutralised with ammonia. 

Zino-aalt, C^H*Zn"0\Zn"0. — Deposited as a bulky white precipitate when 
gallic acid is ^ded to an excess of solution of acetate of zinc. E. a. 

OAXiXiXCXirZTa. Syn. with Kutii.b. 

OAXiXiWITTS, aAXiZiB, or XTUTOAXi&S. Noix de gaUe, Qalldpfel.-^Ex^ 

crcscencos produced on the leaves and leaf-stalks of the dyer’s oak {Qtiercua infectoria) 
by the punctures of the gall- wasp {Ci/nipa fulii qiiercua s. Diplolcpia gallca tinciorim), 
made for the purpose of depositing the eggs. The excrescence, in its early state, forma 
n spongy mass, enclosing tno eggs; at a later stage it hardens, and is perforated by 
the insects as they make their escape. 

The best galls, containing the largest quantity of tannin, come from the Levant, and 
among these the most highly prized are the black, blue, or Aleppo galls. They are 
heavy, compact, prickly, of blackish or brownish colour, and not eaUn or perforated. 
The white galls, which are less valued, are generally somewhat larger, of yeUowish- 
grey colour, much lighter, spongy, and perforated by the completely developed insect. 

Inferior kinds of gallnuts, called Trieste galls, are obtained from Dalmatia, Illyria, 
and Calabria, where they grow chiefly on the Quercua Cerria: they are smaller, prickly 
on the surface, and of brownish colour. 

Davy found, in the best Aleppo galls, 26*0 per cent, tannic acid, precipitable by im- 
mersed animal membrane ; 2*5 mucus and extractive matter ; 6*0 gallic acid ; 2 5 cal- 
cium- and other salts; and 63 insoluble fibre. According to Gluibourt, gallnuts 
contain 65 0 per cent tannic acid, 2 gallic acid, 2 ellagic and luteogallic acids, 07 
volatile oil and chlorophyll, 2*5 brown matter, 2*5 gum, 2 starch, 10*5 woody fibre, 
1*3 sugar, albumin, and inorganic salts, and 11 water. 

The galls, or oak-apples, of the common English oak are similarly constituted, but 
contain only a small proportion of tannic acid. 

Galls are extensively used for the preparation of ink, for the production of black 
and grey tints in dyei ng, for turkey -red dyeing, and in calico printing. The ^lls of 
the common oak and Qucrcus Cerria are used for tanning in Hungary, Dalmatia and 
the southern provinces of Austria. (See Ure^s Dictionary of Arts ^ &c., ii. 320.) 

OAli&OTA»rWXC ACZB. |o». Tannic add. Tan- 

nin, Tanning principle. (Devreux, J. Phys. xlii. 401. — S6guin, Ann. Chim. 
XX. 15. — Braconnot, ibid. 1. 376. — Pelletier, ibid. Ixxxvii. 103. — Berzelius, ifnd. 
xciv. 318. — Polouze, Ann. Ch. Phys. liv. 337. — Liebig, Ann. Ch. Pharm. x. 172.— 
Biichner, ibid. liii. 175, 349. — S ton house, Phil. Mag. [3] xxii. 417 ; xxiii. 331 ; Proc. 
Roy. Soc. xi. 401. — Wethorill, J, Pharm. [3] xii. 107. — ^Mulder, Ann. Ch. Phnrra. 
xxxi. 124. — Wackenroder, J. pr. Chem. xxiv. 28. — Strecker, Ann. Ch. Pharm. 
Ixxxi. 248; xc. 328; Chem. Soc. Qu. J. v. 102; Phil. Mag. [4], viii. 157 — Rochleder 
and Kawalier, J. pr. Chem. Ixxiv. 28 and 399. — Gm. xv. 449. — Gerh. iii. 847.) 

This acid is contained in the gallnuts of Quercus infectoria and other species of oak, 
in the various species of sumach (Stenhouse), and in Chinese gallnuts, the excrescences 
formed on the branches of a tree growing in Japan, which, according to Schenck 
(N. Report. Pharm. v, 26 and 306), is also a species of sumach i^RhiLa aemialata, or 
Rh. Chinenais), 

Many other plants contain substances which resemble gallotannic acid in many 
respects, viz. in uaving a slight acid reaction, and an astringent but not acid taste ; m 
precipitating albumin and gelatin from solution, and uniting with animal membrane 
into a substance which resists putrefaction, namely leather, the skin* then becoming 
tanned. All these substances, called tannic acids, or tannins, were originally 
supposed to be identical with gallotannic acid, or to dififer from it only in consequence 
of the admixture of foreign matters ; but the more exact investigation to which they haTe 
been submitted of late years, has shown that most of them differ in wme essential prop^" 
ties from gallotannic acid, this acid, indeed, existing only in the plants above mentions. 

The various species of tannin may be divided into two genera— those which give 
black or blue, and those which give olive-green precipitates, with feme salte ; 
Stenhouse has shown that most of the tannins which give bluish-black p^pitat^ 
with ferric salts are glu cosides, that is to say, they are resolved, by 
^lute acids, into glucose and another substance — a propertjr first points out m to 
case of gallotannic acid, which yields glucose and gallic acid, by jStrecker ; 
among those which give green precipitates with ferric salts, only one, viz. the lanzw 
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f willow-bark, appears to be a glucoside. Among the tannins of the first division, 
tannic acid is especially distinguished by yielding pyrogallic acid when 
P ted whereas the other tannins yield different products. (See Tannin.) 

^Preparation of Gallotannio acid, — 1. A percolating apparatus is half filled with 
A Iv gallnuts, and commercial ether, containing water and alcohol, is 

la* The liquid which runs away separates into two layers, the lower of which 
heavy, syrupy, amber-coloured solution of tannic acid, water, and ether; while the 
® tg mobile, consisting of ether, water, gallic acid, and a small quantity of tannic 
Ether is poured into the apparatus as long as the lower stratum continues to 
ease' the upper layer is then removed ; and the lower is repeatedly washed with 
find dried in vacuo or by heat. Gallnuts thus treated yield from 35 to 40 per 
fn tannic acid. (Pelouze, Ann. Ch. Pharm x. 145 210.) 

2 100 pts. of powdered gallnuts are treated in the percolating apparatus with a 
of 300 pts. ether, 15 pts. alcohol of 90 per cent., and 5 pts. water (or 20 pts. 
”lv)hol of 69 per cent.) ; the residue, after the liquid has run off, is twice treated with 
ih ‘ same mixture, then three times with pure ether ; and the whole of the extracts are 
laken up together, and left to settle for a week. The upper of the two layers thus 
formed is decanted from the syrup below, tlie latter is evaporated over the wuter-bath, 

• nd tlie residue is dried between 100° and 110° C. To purify the tannic acid thus 
out lined or by the first process, from admixed gallic acid, ellagic acid, volatile oil, and 
chlorophyll 100 pts. of it are shaken up with 100 pts. water and 200 pts. ether, 
whereby three layers are formed, the upper consisting of ethcT, the middle of aqueous 
ir illic acid and impure tannic acid, while the lowest, which is syrupy, and amounts to 
215 Pts leaves, on evaporation, 90 pts. of pure tannic acid (Guibourt, Ann. Ch. 
I'harm" xlviii 359). Mohr employs for the extraction a mixture of equal volumes of 
ether aiTd alcohol of 90 per cent. The filtrate is symipy. but thinner than that obtained 
hvthe flr.st method, and forms only one layer, exhibits but little turbidity on the 
I addition of a large quantity of other, and if 7 fluid ounces of ether are used to 2 ounces 
! 0 *’ calls yields a quantity of tannic acid amounting to 72 per cent of tlie galls. If a 
mixture (if 4 vols. ether and 1 vol. alcohol of 90 per cent is used the f has the 

v;, me constitution (Mohr, Sandrock). With Chinese galls, iiydrated ether acts better 
t'mn ether-alcohol. (E. Ric gel, N. Jalirb. Pharm. iii. p2.) , v ^ 

According to Strecker, tannic acid, prepared and pimfied as above, cannot be furtber 
r.vsoIrcd into different substances by repeatedly treating its ethereal 
Avalcr, but exhibits the same composition before anci after this 
and Kawalior, on the other hand, regard the tannic acid obtained 
exhaustion with ether and water, as a mixture still eoiitaming gallic and ellagic acids, 
to mKwnte these substances they proceed as follows ^ nn 

The solution of tannic acid in the smallest possible quantity 
with a small quantity of solution of neutral ac(*ta1e of bawl ; the filtrate is ^ 

wafer, and fiUered a^gain from the very impure tannate of lead 

laid the new filtrate is precipitated by neutnil acetate of lead in^ three ^ 

dcfoniposing the first and third of these precipitates with su p lyc ric ® ‘ j ^ ^ 

the .x.T-ss Of that acid by a stream of carbonic i^id solutions are 
wlioii boiled with sulphydric acid out of contact with the <iir, yie t a 
acid. If the tannic acid solution, obtaincii in hke manner ^ 
porl ion. be precipitated by tartar-emetic, with addition ^ftlfsXh^^ 

-thn i,recipitati washed with hot water, and decomposed under water w h »^dnc 

acid, -and the excess of that acid expelled by passing caibonic a^d n to 
the filtrate, when left to itself in vacuo, becomes l-'^rbid and deposits 
Htance. The solution, separated from this substance 

uiruo, leaves colourless amorphous tannic acid, which, when y 

acid, no longer leaves any residue of ellagic acid. „oTnm'Tn’ntr when its 

Qallotennie acid is a <»lourlpS3, amorphous mss^ ^m 
Wcous solution is evaporated, in transparent, vitreous, shi g, ; reddens 

h-sps. It is inodorous; has a by 

btmus strongly ; does not soften between the fingers. It aeq , • / licht 
^posiire to ight, even in closed vessels. It does not ac frothing liquid. 

G-iUotannio acid dissolves readily in water, ® „..ii/'.»«iie acid at 16° 0 

The following table exhibits the specific gravity of aqueous gallotani 
wcording to Hammer (J. pr- Chem. lxx». 169) : ^ 

Percent, Sp.gr. Per rent. 1-0242 

1 . . . . 1-0040 6 . • • • j.02g3 

2 . . . . 1-0080 I ■ ■ . 1-0326 

3 . . . . 1-0120 I • ‘ . 10367 

• 4 ... . 1-0160 1-0409 
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Gallotanuic acid is precipitated from ita aqueous solution by several salts, as by saUaru 
moniac, common salt, sulphate and acetate of potassium (not by nitre or Gku tier’s 
salts, according to Strecker); by sM/jpAwnc and hydrochloric acid from 

very concentrated solution hy phosj^horio, oxalic, and tartaric acid (Wackonroder) 
and by arsenic acid (^Berzelius). When boric jwid is dissolved, with aid of hcut’ 
in aqueous tannic acid, the mass solidifies on cooling to a white jelly, which driers up 
to a bulky, snow-white mass (Berzelius). These precipitates wore regarded by 
Berzelius as compounds of tannic acid with mineral acids ; but the precipitate thrown 
down by sulphuric acid retains, after pressure, only a small and variable quantity of 
sulphuric acid ; that produced by hydrochloric acid gives off all its hydrochloric acid 
in vacuo over quicklime : hence the precipitates can be regarded only as mixtures of 
tannic acid with mineral acids, produced because tannic acid is less soluble in acidu- 
latod than in pure water. (Strecker.) 

Gallotannic acid dissolves in hydrated more abundantly than in absolute alcohol 
(Polouze). According to Pelouze, Bolley, and Luboldt, it dissolves but sparingly in 
anhydrous ether, and, when covered with it, remains perfectly pulverulent, acconling 
to Strecker and others, while, according to Mohr, it dissolves in considerable quantity. 
With ether containing water, it forms, after some seconds, a very heavy liquid, like 
that which separates in the preparation of tannic acid (p. 763). Of the two layers 
thus formed, the lower consists of tannic acid, which has taken up the water of tlie 
ether and only a very small quantity of ether, while the upper layer contains ether, a 
small quantity of tannic acid, and the foreign substances taken up with it (Pelouzo). 
When tannic aci^ dried at 110^ C., is covered with anhydrous ether, the solution 
standing above the excess of pulverised tannic acid, after being agitated for a consi- 
derable time, contains in solution only 0*206 per cent, at 6° 0., and 0*384 per cent, at 
ordinary temperatures. On adding to the ether half a volume per cent, of water, the 
tannic acid, which has hitherto been greyish yellow and pulverulent, deliquesces to 
brownish lumps, and on addition of a few drops more water, to a syrup. Afb'r addition 
‘of I vol. per cent, of water, the supernatant ether contains 1*2 per cent, tannic acid in 
solution. On continuously dropping water into the mixture and agitating, thivo layers 
are formed, the lowest of which is syrupy, and contains 0*297 grms. tannic acid in a 
cubic centimetre. The middle layer is somewhat lighter than the lowest, and contains 
in a cubic centimetre 0*082 grms. tannic acid dissolvtMl in a largo quantity of water 
and a small quantity of ether. The syrupy layer contains both ether ^d water, and is 
perhaps a tannateof ethyl and hydrogen, analogous to ethylsulphuric acid. (Bolley, 
Chem. Soc, Qu, J, xiii. 296 ; Ann. Ch. Pharm. cxv. 63.) 

Gallotannic acid (crude) dried at 150® C. remains piilvemlentwhen covered with 10 pta 
of anhydrous ether, while the supernatant ether takes up 2 or 3 per cent, of solid cou- 
stituents, chiefly the foreign substances mixed with the tannic acid. Water, eitliei 
present in the ether, or subsequently added, is greedily absorbed by the tannic acid, 
and causes it to deliquesce to a viscid mass or a syrup, which docs not mix with thf 
excess of ether. Wlien a solution of 100 pts. tannic acid in 100 pts. water is mixed 
with 160 pts. ether, the liquid, if agitated and left at rest at a temperature of 18® C. 
separates into three layers, the lowest of which has a specific gravity of 1*07, takes iq 
half the total space, and contains 40*6 per cent, tannic acid, 42*2 ether, and 17'3 
water. The middle layer, which has a density of 1*02, contains 14*16 per cent, tannic 
acid, 10*09 ether, and 76*76 water; the uppermost, of density 0*762, is chiefly ether, 
containing in solution small quantities of foreign matters and water. Also, when % 
grms. tannic acid, 39 grms. ether, and 20 grms. water are shaken up together and then 
left, at rest, three layers are formed, the lowest of which increases by continual agitatioi 
at 14*6®, at the expense of the upper, till it occupies 36*6, and the upper 17*6 
the entire space, the middle layer, which reniains unaltered, occupying 20 pts. 
bottom layer, when removed with the pipette, is found to bo soluble in 4*6 to 6*6 pw 
of water, more abundantly in lukewarm than in cold water. But if water he added c 
the mixture as it stands, divided into three layers, a quantity equal to 11 times 
volume of the bottom layer will be required to dissolve it (the top layer at the same 
time diminishing to g)^because the water dissolves the bottom layer only so far as i 
can take up ether. Water saturated with other dissolves only J of the bottom layer 
The bottom layer is therefore hydrated tannic acid, containing ether in solufaon , 
middle layer is water containing ether and tannic acid ; and the top layer 
has taken up water, tannic acid, and the foreign constituents (Lub olt, J. F* ^ , 
Ixvii. 367). According to Mohr, on the contrary (Ann. Pharm. Lu. 362), the low 
of the three layers contains tannic acid dissolved in water; the middle wy« ^ 
acid dissolved in ether. This statement, and another made by Mohr to the enec 
tannic acid deliquesces to a syrup in anhydrous ether, and that by addition ol m 
tannic acid, the ether may be completely converted into this syrup, are not reconciui 
with the experiments above deF^^*ihprl 
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The Tieoid y«ip, which sepnmtcs at the hottom of the iniitUM of gallotaimic ackl 
a-ater, and other unites with the supernatant ether, on addition of a&ol, to a to 

filtorfible liquid. (Mohr.) * 

Oallotannie acid dissolves in occfowe with evolution of heat, the solution dryincun 
tu a jelly and leavi^ a powder which has the aspect of gallotannic acid. (K no d i ^ 
GallotanmcaciddoesnotumtewithMrpa(Hlasiwotz,Wein Akad Bor xx 208^ If 
iops not dissolve in picanwr Cp. 162) even at the boiling hcat(Reiehenbach Schw 
J. Ixviii. 365). It dissolves in 6 pts. glycerin (Cap and Carot, J. riiann [31 xxvi’ 
81) ; in hitter almond oil, m almost all proportions, the solution, which turns brown iii 
contact with the air, slowly depositing crystals of benzoic acid (KnopV It dissolvon 
in other 027s, both and wtoiVc. \ a 

Detection and Estimation of Gallotannic Aeid,-^T]m acid is precipitated from its 
aqueous solution by mineral acidSy os a gelatinous mass insoluble in excess of the acid 
With ferric salts it forms a bluish-black precipitate; with ferrous salts, this precipitato 
forms only as the solution is gradually oxidised by exposure to the air. Witli tartar^ 
metic it forms a white gelatinous precipitate. Witli aoliitioii of gelatin, it forms a 
w-hito precipitate, not absolutely insoluble in water, unless the tannic acid is in excess 
in wliich case the precipitate is greyish, and aggi-egated to an elastic mass. It is owing 
to this property that tannic acid combines with animal skin, forming leather. It is 
entirely removed from a solution by immersing in it a piece of skin ; and the acid may 
b.« estimated by determining the increase in weight of the skin. With most organic 
aikdoUs, gallotannic acid forms white compounds, insoluble in water, soluble in acetic 
odd. 

Estimation of Gallotannic Acid in GalUnuts, <fc.— 1. The aqueous extract is mixed 
vith solution of gelatin, as long as a precipitate is thereby produced, the quantity of 
tannic acid which thesamo solution of gelatin (or anothe’r of known strength) is capable 



cation of the liquid. To obviate the necessity of filtering, or waiting for tlie slow de- 
position of the precipitate towards the end of the experiment, Wheeler dips into tho 
Boliition a glass tube loosely closed at tho bottom with sponge, and trios whether the 
(,/elatin solution which enters the tube still gives a cloud with solution of gidiitin. 
—2. Stein muiea the aqueous extract with a known volume of a standard solution of 
iieutnd acetate of lead, dilutes the mixture to a given volume, and detennines tho 
quantity of lead remaining in a measured portion of the filtrate (Schweiz, polyt. 
Zeiatchr. ii. 169.)— 3. Monier (Compt. rend. xlvi. 677 ; Dingl. cxlviii. 209) mixes tho 
aqueous extract with solution of permanganate of potassium, which rapidly decomposes 
tannic acid, the quantity of tannic acid which this solution is capable of decomposing 
liaving been previously determined. — 4. Hammer (J. pr. Chem. Ixxxi. 169) determines 
die specific gravity of the solution (p. 763), both before and aft(‘r tho removal of the 
tannic acid by addition of about a fourfold quantity of animal skin which has been 
s<'ftene<l in water, pressed between linen, then washed, dried, and pulverised. 

On the estimation of tannic acid see also I'r. Muller (N. Br. Arch, xxxviii. 147), 
Uwenthal, J. pr. Chem. Ixxxi. 160); ITandtTce Ixxxii. 345); II. Backup 
[Vehcr den Gerhproccss, Hisscrtat. Berlin, 1860). 

I)ecompositio7is. — 1. Ghillo-tannic acid heated to 160® or 160® C. becomes darker from 
nicipiont decomposition (Strecker); at 216® it is resolved into water, carbonic anhy- 
nnde, and pyrogallic acid, which volatilise, and metagallic acid, which remains. At 
*50“ only metagallic acid is formed, without pyrogallic acid (Pelouzc); 

« 4CWO* + 3C02 + 3H-0; 


Metagallic 
acid. 

and « 3C«H«0* + + 

Pyrogallic Metagallic 
acid. ncir 


3CO®. 


two decompositions may go on simultaneously. (Strecker.) 

2. Gallotannic acid, heated in a platinum spoon, decrepitates, undergoes somifiision, 
^wella up, carbonises, takes fire, and burns with a bright flame, leaving an easily com- 
'Ufstiblfi cinder (Berzelius). — 3, Exposed on a watch-glass to strongly ozonised air, 
it acquires a yellow or yellow-brown colour, becomes glutinous and fluid, strongly acid, 
formation of oxalic acid, and if the action be continued long enough, disappears 
j^Tnpletely, being converted into water and carbonic acid (Schonbein, J. pr. Chem. 

12). Aqueous gallotannic acid, through which ozonised air is passed, ab- 
^*’03 it quickly and completely, becomes dark brown-red, then again lighter, and 
onus oxalic acid and a substance which reduces cupric oxide, these products being 
decomposed by the farther action of tho ozone, so that the liquid ultimately leaves 
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but little residue when eyaporated (Oorup-Besanez, Ann. Ch. Pharm. cx. 106V 
When a very dilute aqueous solution of gallotamuc acid is exposed to the air, it 
bftcomes turbid, from separation of grey crystalline'gallic acid ; oxygen is absorbed at the 
same time, and an equal volume of carbonic anhydnde is produced (Pelouze). Aqueous 
eallotannic acid, evaporated with aid of heat in open vessoLs, leaves a brown, trane- 
lucent mass, which, when treated with water, leaves a dark-brown residue ; and by 
repeated evaporation and re-solution, a further quantity of the same substance is ob- 
tained (Berzelius). This residue is the oxidised tannic acid of the older cliomists. 
"P&roxiw of hydrogen^ and oxygenated oil of turpentine, do not produce any perceptible 
alteration in gallotannic acid. (Schonbein.) 

4. Aqueous gallotannic acid dissolves finely divided iodine ^ — 6. Aqueous iodic wvd 
eliminates from gallotannic acid, even in the cold, carbonic anhydride mixed with a small 
quantity of carbonic oxide (Millon, Compt. rend. xix. 272). — 6. Bromim acts violently 
on gallotannate of potassium, and forms a brown resin (Ca hours, Ann. Ch. Phys. xix. 
507).— 7. By a small quantity of aqueous gallotannic acid is clouded, coloured 

brown, and altered in the same manner as by evaporation in contact with the air; a 
larger quantity of chlorine decomposes it completely (Berzelius). Chlorate of po- 
tassium scarcely exerts any action upon it. (Simon.) 

8. Strong siUphuric acid, dissolves gallotannic acid with lemon-yellow or brown- 
yeUow colour, becomes purple-red, and gives off sulphurous acid when modemtely 
heated ; and at a stronger heat becomes piteh-black, and forms humic ackl (Wacken- 
roder). By boiling, or by continued digestion at a moderate heat, with 

phuric acid, gallotannic acid is resolved into gallic acid (Liebig), and dextroglueo^ ' 
(Strecker, see p. 76%). Small quantities of ellagic acid and humous subsLmces m 
Mkewise formed, probably as sepoudary, -products (Strecker). Acetic acid is not pro- 
duced in this reaction. (Liebig.) 

9, When gallotannic acid is boiled with aqueous hydrochloric acid out of contact with 
the air, ellagic acid and sugar are almost always obtained, their quantities, however, 
opt bearing any definite proj)ort.ion to one another. (Rochleder and Kaw'alier.) 

* 10. liiitric acid does not precipitate aqueous gallotannic acid, or with difficulty ooly, 
but colours it yellow, then red, and decomposes it quickly wdtli formation of oxalic 
•cid (Stenhousc). — 11. When aqueous gallotannic acid is mixed with aqueous omk 
acidoi the strerngth of 3 per cent., an inodorous deep blue liquid is formed, transparent 
only in thin films, and leaving on evaporation a black-blue, amorphous, insoluble 
layer. On dissolving this residue in aqueous osmie acid, osmie oxide is separjftted, th« 
reaction being accelerated by heat ; and the red-brown filtrate obtained afeer heating 
the liquid with ammonia yields, by evaporation, brown crystalline needles and a hu- 
mous substance. The needles contain oxalic acid, and an acid very much like suberic 
acid. (Buttlerow, J. pr. Chem. Ivi. 207.) 

12. Gallotannic acid, boiled with excess of weak potash-ley, yields gallic acid 
(Liebig, xii. 398). The solution separated from the gallic acid does not contain 
acetic acid. By prolonged boiling, the gallic acid is resolved into carbonic and pyro- 
gallic acids. (L i e b i g. ) 

When gallotannic acid is treat<?d with alkalis in a current of hydrogen, gallic acid 
and a gum, C**H*‘‘*0", are produced (Rochleder and K a waller, Wien. Aknd. Ber. 
XXV. 658). — 13. Gallotannic ttcbl boiled with hydrate of barium, yields gallic^ acid and 
glucate of barium (Rochleder and Ka waller). Baryta or lime water in excess 
quickly colours gallotannic acid green, blue, red, and yellowish-brown ; acids decolorise 
the solution. (Wackenroder.) 

14. When gallotannic acid is boiled for several hours with an equal weight of nmtral 

sulphite of sodium or potassium and 12 pts. of water, or when the solution is evapo- 
rated till it froths up in viscid bladders, a quantity of gallotannic acid is obtained, e(^ual 
to 75 — 79 per cent., and 6 or 6 per cent, of a second body, which has the composition, 
but not the properties, of sugar. (Knop.) ... . i 

15. Chromic add, heated with an aqueous solution of gallotannic acid, quickly 
decomposes it, with evolution of carbonic anhydride (H tine f eld, J. pr. Chem.xvi. 
361). Acid chromate of potassium produces a yellow-brown precipitate, whicU 
quickly turns black (Wackenroder).— 16. Peroxide of manganese heated with aque- 
ous gallotannic acid, with or without sulphuric acid, decomposes it, with evolution of 
carbonic anhydride and formation of brown extra^ve matter, gallic acid w 
produced in this reaction (Htinefeld). By permanganate of^ potassium, aqueous 
^llotannic acid is rapidly oxicUsed, the solution, if soncentoit^ giving off carbonic wny* 
dride. In this reaction, a body of undetermined constitution is produced, besides wbonw 
acid and water (Monier, Comptrend. xlvi. 577). One milUgranmie of 

acid, dissolved in a litre of water, is sufficient to decolorise the amd solution of tw 
permanganate (Monier). When permanganate of potassium is added to a stro^y 
solution of gallotannic acid, the colour of the permanganate disappears quickly at first (tne 
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liquid becoming yellow and then colourlees) ; more slowly, if a portion of the gallotannic 
^id has been decompos^ so that the instant at which the last portion of the gaUotannio 
wid disappears cannot be recognised with certainty ; 100 pts. gaUotannic acid take un 
about 60 pts. oxygen frem the peraanganate. (Mohr, ritW/AwA, 2 Aufl. Brannsch 6211 

17. GaUotannic Mid reduces /erne eo/u<io«s, partially at common temperatures com- 
pletely at the boUing heat, to ferrous solutions (Wackenroder; see p 768) — 
18. From cupric it reduces cuprous oxide ; from mercuric chloride, mercurous 
chloride ; from solutions of mercurous or fuercuric oTide, it gradually throws down 
metallic mercury (Wacken rod er). Carhmaie of silvvr is reduced by callotannic 
aci'l, even in the cold. (S ch iff. Ann. Ch. Pharm. cix. 65.) 

19. Aqueous gallotannic acid, which remains unaltered when not exposed to tho 
air, decomjposes, with evolution of carbonic anhydride and formation of gallic acid— .if 
it ivmains in contact with tho nitrogenous constit.iuuits of the gall-nuts; therefore, in 
infusion of ^Is, and more quickly in gall-nuts moistened with water (Robiquet, 
Pelouzo). EUagic acid is formed at the same time (Erdmann, Mulder). The 
formation of mould, which commonly takes place, has no influence on tho transforma- 
tion (Win ckler, Rupert. 63, 401). The decomposition takes place even in closed 
ve-ssels (Nesenbeck, Br. Arch. Mxi. 129), and more quickly in proportion ns the 
solution of tannic acid is more dilute (Roi)iquet). The transformation may bo re- 
garded as a fermentation process, inasmuch as it is stopped or retarded by antiseptic 
aubstapees, aa alcohol, wood- vinegar, creosote, mercuric oxide, and corro.‘«ive .sublimate, 
and gall-nuts freed from tannic acid c±citc vinous fermentation in solution of sugar 
(Ifilrocque). The pcetase of the gall-nuts is the ferment wdiich excites the gallons 
fefiflentation, and the simultaneous coiivcnsion of the pectose into pectin. The j)ectase 
uf gall-nuts is also capable of converting the pectin of fruifs into poetic acid ; and pcc- 
lase fW)m turnips can excite the gallous fermentation. Gallotannic acid prepared with 
ethtr, but not purified, still contains sufficient pectase to give rise to its decomposition 
when dissolved in water. Emulsin, yeast, vegetable or animal albumin, and legumin 
retard rather than promote the gallous fermentation, (Robiquet.) 


OftllottUBnates or Tannates. Gallotannic acid is tribasic, forming neutral or 
tnmdallic saltSf the composition ; likewi.se acid tmd hash suits. 

All these salts, however, alter quickly in contact with the air, and are difficult to ob- 
tain pure ; hence but few of them liave been analysed. The Jicid expels carbonic acid 
from carbonates, and forms precipitates with the solutions of most metallic salts. 

Tannate of Aluminium, — Hydrate of aluminium shaken up with aqueous gallo- 
fannic acid/^luickly unites with it, forming a compound which is insoluble in water, 
but soluble in excess of tannic acid. 

Tannate of Ammonium^ (?) — Carbonate of ammonia added to 

aqueous tannic acid, throws down a white precipitate, which changes to a white powder 
in vacuo (Berzelius). An excess of carbonate of ammonia causes the white preci- 
pitate produced at first to disappear immediately, and the liquid, after standing for 
some time, ac-quires a red-brown colour, and- deposits liglit white flocks (Buchner). 
Ammonia gas passed to saturation into a solution of tannic acid in absolute alcohol, 
throws down white flocks, or, if the solution is very strong, a wliito resin, which be- 
comes friable when repeatedly treated with absolute alcohol. This substance, dried 
between filtering paper, and then over oil of vitriol, forms a resin having a faint brown 
tint, and very soluble in water, (Buchner.) 

The salt (tied over sulphuric acid, gives by analysis 61*3 per cent, carbon, 4*5 hy- 
hogen, and 3'3 nitrogen, agreeing approximately wnth the formula above given. 

Tannate of Antimony is a white, gelatinous, sparingly soluble precipitate, ob- 
tained by mixing solution of tartar-emetic with gallotannic acid. Its composition re- 
sembles that of the ferric salt. (Pelouze.) 

Tannates of Barium. — a. Baryta-water, added to aqueous gallotannic acid, 
throws down a basic salt (Berzelius). The precipitate dissolves in aqueous gallo- 
[annic acid, not in excess of baryta- water; it turns green when loft to stand, or washed 
contact with tlie air, also if it has been prepaired with baryta- water not in excess. 

When carbonate of barium is added to aqueous gallotannic acid as long as effer- 
vescence takes place, the liquid then filtered, and the filtrate concentrated, only small 
luantities of filocks separate on cooling, but alcohol added to the brown solution throws 
town a white light powder, which, after washing with alcohol, turns brown in dmng. 

c. From warm aqueous solutions of alkaline tannates, chloride of barium throws down 
^ white precipitate, sparingly soluble in cold water, more soluble in boiling water 
k"®r2eliu8). The light flocculent precipitate assumes a very faint reddish 
riien washed, and after iying at 100® C. contains 39*7 percent. C, 28 H, 36*8 O, and 
?‘7Ba*0 (Buchner). Strecker regm^ the salt as a mixture of tnbarytjcand 
“barytic tannate. 
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Tannate of Cadmium, — Hot a^©<j»s gallotannic acid iliiowB down from ead 
mium-Balts a white precipitate, whi& a^umes a yellow-green colour wheu (ir\ 
becomes anhydrous at 100°, aild (Wntains 21*4 per cent. CdO. Insoluble in \rnt . 
and in alcohol (Schiflfl) ^ 

Tannate of Calcium is obtained as a white precipitate, on mixing the concon 
trated solutions of tannate of ammonium and chloride of calcium ; the precipitate i 
soluble in pure water. When a solution of ^llotannic acid is mixed with excesa n 
hydrate of lime, a nearly insoluble haeio salt is produced, the solution retaining onl 
traces of gallotannic acid. 

Tannate of Chromium, (?) — Chromic hydrate forms with f^ueous gallotanni 
acid, an insoluble compound, which is likewise precipitated on mixing a solution of j 
chronaicsalt with gallotannic acid (Berzelius). According to H. Hose, chromic salti 
are not precipitated by infusion of galls. 

Tannate of Coia/^.—Cobaltesalts form a yellowish precipitate with infusion o 

galls. 

Tannate of Copper is precipitated in bulky yellow flocks on adding gallotaiuiu 
acid to a solution of cupric acetate. If, on tlie other hand, the copper-salt bo ndded 
by drops to solution of tannin, a reddish white precipitate is formed, complot('lj 
soluble in ammonia. According to Wackenroder, tlie ammoniacal solution is not pr«. 
cipitated by sulphydric acid. 

T annates of Iron. — Ferrous Tannate is a white gelatinous procipitale, formed 
on mixing the concentrated solutions of ferrous sulphate and gallotannic acid. Ddatfl 
solutions give no precipitate. 

Ferric Tannate, — ^When a mixtime of gallotannic acid and a ferrous salt is ex- 
posed to the air, the precipitate quickly acquires a bluish-black colour, being oxidised 
to ferric tannate. This black precipitate, which forms the colouring matter of common 
ink, is produced immediately on mixing a ferric salt with excess of gallotannic acid. 
The reaction is very delicate, indicating the presence of the smallest traces' of hmuic 
acid. If, on the other hand, the tannin solution is added drop by drop to an excess of 
the ferric salt, no precipitate is formed, the liquid not even becoming' coloured ; but 
the gallotannic acid is oxidised, and the ferric salt reduced to ferrous salt. The same re- 
duction takes place when the black precipitate of ferric tannate is boiled with excess 
of tannic acid, carbonic acid being then evolve^ and the mixture becoming colourless. 
The black precipitate dried in the air contains 12 02 per cent, ferric oxide, agreeing 
nearly with the formula which requires 11*92 per cent. Wittstein, 

on the other hand, found the quantity of iron in the precipitate obtained by mixing 
tannic acid with ferric salts, very variable ; the only way in which he obtained a con- 
stant compound was by precipitating ferrous sulphate with gallotannic acid, and ex- 
posing the precipitate to the air. 

T annates of Lead, — These salts vary in composition according to the proportions 
of the solutions used for precipitation ; the variation extending from 3 to 10 atoms of 
lead for 27 atoms of carbon (Strecker). a. On mixing a solution of gallotannic acid 
with a quantity of lead-acetate not sufficient for complete precipitation, a white pre- 
cipitate is obtained, which becomes slightly brown on exposure to the air. When 
boiled with water, it loses part of its acid, and loaves a compound containing 34 21 
per cent, lead-oxide (Berzelius). This salt probably contains (calcula- 

tion 36‘2 per cent, lead-oxide), 

Gallotannic acid heated with lead-oxide gives off 4*4 per cent, water, which is 
equivalent to the substitution of 3 at. lead for 3 at. hydrogen ; the salt thus produced 
is, therefore, also the neutral salt, , 

A Another tannate of lead is obtained on pouring a solution of gallotannic acid 
into a boiling solution of acetate of load. A yellow pulverulent precipitate is then 
formed, which may be obtained of constant composition, by boiling it for about a 
quarter of an hour in the liquid, in presence of excess of the lead-acotate and free 
acetic acid. It is nearly insoluble, and when dried at 100° C. contains 20'2 per 
cent. ciirboD, 1*1 hydrogen, and 63*0 to 63*8 per cent, protoxide of lead, answering 
to the formula C‘^^H*‘*Pb*0”.6PbO, which requires 20' 2 C, 1*1 H, and 63*0 PbO 
(Liebig, Ann. Ch. Pharm. xxri. 128). — o. The precipitate formed by adding dilute 
aqueous tannic acid to excess of lead-acetate, if collected after a few minutes* boiling, 
and dried in vacuo, contains 68*2 per cent. C, 1*0 H, 17‘1 O, and 63*7 PbO,. answer- 
ing to the formula C®^H*®Pb*0*^7PbO -i- 3H*0 (calculation, 18*6 C, 1*3 H, 16*66 0. 
and 64*46 Pb*0). When heated to 120° C., it ^ves off its water (16*64 per 
and then contains 64*7 per cent. PbO, answering to the formula 7Pby 

(Strecker). — d. When a lukewarm aqueous solution of gallotannic acid is pre^P>‘ 
tated with excess of acetate of lead, and the precipitate washed with boiling 
water, it contains 24*86 pep cent. C, 1*40 H, and 62*80 PbO, agreeing nearly with 
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the fornatila C*^H**Pb*0**.3Pb0 + 311*0 (mlculation 2611 C, 1*71 U, 21*09 O, 
and 62*09 Pb*0). At 120*’ C. it gives off itdr3 atptms of water, amoanting to 2*2 per 
cent. (Streoker.) . . ^ 

f annate of Magnesium is obtained as a singly soluble basic salt, by digest- 
ing the aqueous aeid with hydrate or carbonate of magnesium ; if the magnesia is used 
i^excess, the liquid rotaaiifl only totccs of tannic acid. 

Tannates of Mercury, — The mercuric salt is a brick-red precipitate, insoluble in 
excess of mercuric nitrate, but soluble in hydrochloric acid, the solution gradually be- 
coming turbid, from formation of mercm*ous chloride. The mercurous salt is obtained, 
oa mixing the solutions of mercurous nitrate and gallotunnate of potassium, as a yel- 
low precipitate, which dissolves in excess of mercurous nitrate, the solution gradually 
depositing metallic mercury. 

T annate of Nicle el, — Greenish white precipitate. 

T annate of Platinum, (?) — Tincture of galls added to solution of platinic chloride 
throws down pale yello-w flocks, 

Tannates of Potassium, — On adding alcoholic potash to a modemtoly coiicon- 
tnted alcoholic solution of gallotannic acid, till red veins bocomo visible on t)ie surface 
of the liquid, white ‘Crystalline flakes are j)roducod, which when washed with alcohol, 
pressed and dried, are converted into an earthy salt, very soluble in w.ifvr, and cmi- 
taining 45*0 per cent 0, 3*0 to 3*1 II, and 13*2 to 1 3 3 K‘-0, :igr(*cing approximately 
with the formula (calculation, 43*9 C, 2 8 H, and 13*5 K-O). 

Another potassium-salt, white, pulverulent, and less soluble, is obtained by dropping 
a moderately concentrated aqueous solution of gallotannic aeid into a solution of car- 
bonate of potassium. 

Tannate of $ilvexr. — Aqueous gallotannic acid forms a brown precipitate with 
oxide or with nitrate of silver. 

Tanngte of Sodium, which appears to contain C*’TP®Na^O*' (at 100° 0.), is ob- 
tained in the same manner as the corresponding potassium-salt. After drying over 
the water-bath, it forms a light, earthy mass, which, when suspended in water, be- 
comes glutinous like gum-water, and dissolves easily in a larger quantity of water. It 
contains on the average 46*6 per cent carbon, 3*3 hydrogen, and lOG anhydrous soda, 
the above formula requiring 48*9 C; 3*0 H, and 9*3 Na*0. 

Tannate of Tan talum, (?)— Infusion of galls colours tantalic acid yellow, and pre- 
cipitates tantalic anhydride of the same colour, from its acid and alkaline solutions. 
The light yellow precipitate is soluble in alkalis. (Bose.) 

Tannates o f Tin. (?>-~Both stannic and stannous hydrate digested with infusion 
of galls decolorise it, and appear to abstract all tho tannic acid. In fusion •of galls pre- 
cipitates stannic chloride, also stannous salts. 

Tannate of Ti ^ a ni ww. (?)— From hydrochlorate of titanic oxide neutralised as 
nearly possible with ammonia, aqueous tannic aeid throws down yellow-red flocks 
(Pfaff). From acid solutions of titanic acid, infusion of galls throws down a thick 
chocolate-coloured precipitate. Tannic acid colours alkaline molybdates de(‘p blood-red, 
and on addition of hydrochloric acid, a blood-red precipitate is formed which dissolves 
in a large quantity water. (Rose.) . • i i 4 .* 

Tannate of Tungsten, (?)- Infusion of galls produces no alteration m the solution 
of an alkaline tungstate, but acids, added to the mixture throw down a thick chocolate- 
coloured precipitate. (Rose.) , 

Tannate of Uranium,— Tmctare of galls forms with uranic salts a re<l-brown 
precipitate. (Rose.) ^ , .* 

Tannate of ranadium.{jy-ynthsaltso,f vanadicomde 
forms abluishiuky mixture, which, when left to stand quietly, diqios.ts a hlack 
With alkaUne vanadates, infusion of galls first gives a gi'eeii, then an jj’ T 

mg; the mixture dUuted with a large quantity of water forms a xturS 

which gradually turns green in contact with the air. The ''f S 

b« used as an ink, hut changes in contact with the air, the black-b ue p o,.;,? 

into g«en m rating ^ durable and withstands the action of 
of chlorine, or of alkalis, but is destroyed by successive treatment with chlorine an 

alkalis (Berzelius), or by nitric acid (Kraut). 

Tannate of ZiL is a white precipitate obtained by adding an alkaline tannate to 
sttlphate of zinc. 

f 0... — ■ajsrs.s.';; 

«. as determined ly Dr. Thudichum. has 

Cju-cuii (i. 888). The same analyst has recently made L w^™omUtuenta ; 

of a specimen of ox-gallstones, in which he has found the ” 

VoL. 4, 3 R 
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Gljcocholate of sodium. phate, and in combination with cholo. 

Cholonate of sodium. chrome and cholic acid. 

Salt of resinous acid related to the pre- Chloride of sodium. < 
ceding. Chloride of ammonium. 

Cholic acid, partly combined with lime. A compound ammonia-base. 

Choloidic acid. A matter having a very repulsive odour 

Cholochrome, free aijd combined. and another having the flavour of 

Traces of cholesterin and fatty acids. musk. 

, A new organic compound soluble in Iron in the form of oxide and phosphate, 
ether. Alumina. 

A sulphide emitting sulphuretted hydro- Manganese, 
gen with acids. . Copper, a trace. 

Lime and magnesia as carbonate, phos- Zinc, in considerable quantity. 

The bulk of the calculi was made up of cholochrome ; next in amount were tlm 
biliary acids and their salts : then camo lime and zinc and the new organic compound ; 
the other ingredients were present in small quantity only. 

The presence of zinc is certainly remarkable ; its presence was probably duo to soino 
accidental cause, as from the animal having licked wood coated with zinc-paint. 

For the metliod of analysis, see the original memoir (Chem. Soc. J. xiv. 34). 

OAXiXinZiMXC AGZB. See Gallic Acid (p. 760). 

OAXiVAXrzSlIC. See Electricity (p. 412). 

OAXiVAKOMETSll. An instrument for measuring the force of a galvanic 
current. It is often applied, however, to instruments which merely indicate the presence 
of a current (p. 460). 

OAXiVAM'OPZiASTT. Syn. with Electeo-metalluroy (see lire's Dictmiaru 
of ArtSf &c., ii. 88). 

OAliVAMTOSCOPB. The proper name for instniments which indicate the exis- 
tence of galvanic currents without measuring them exactly (p. 443). 

OAMSZK. See Catechu (i. 816). 

OAMSOOS3 or CAMBOOB.— Gonme-ffutte^ Gummigutt. — This gum-rosin 
appears to bo produced from the Stalagmites cambogidides^ a tree belonging to the tribe 
of the Gtitiifcra^ and growing in the peninsula of Cambogia, in Siam. From tlio 
bruised leaves and yellow branches of this tree, there flows a yellow juice, which is re- 
ceived in cocoa-nut shells or earthen vessels, then allowed to thicken, and afterwards 
formed into rolls. This is the finest sort, called the pipe gamboge of Siam. A portion is 
also formed into round cakes, either entire, or having a hole in the middle. Ganjl.»oge 
is also produced in Ceylon ; and an inferior sort is said to bo obbiined from the Gam- 
bogia gutta^ a tree growing wild ou the Malabtir coast. 

Gamboge occurs in pieces of various sizes, of a dirty yellowish colour externally, and 
covered with a yellow powder. When broken, it exhibits a vitreous or eonclioklil 
fracture, with brown or saffron-yellow colour. Its powder is of a brilliant yellow, and 
forms an emulsion with water. It is nearly inodorous at ordinary temperatures, but. 
gives out a very peculiar odour when heated. Wlien simply taken into the mouth, it 
has scarcely any perceptible taste, but if chewed for some time, it causes a sharp sornev 
what acrid feeling, ending in a sweet sensation, accompanied by diyness in the moutli. 
It afterwards excites a flow of saliva, which is coloured yellow. It is a drastic pur- 
gative. 

Gamboge dissolves in alcohol, in resins, and in ammonia. Tlie ammoniacal solution 
forms a'red precipitate with salts of barium^ jrellow with zinc salts, reddish-yellow with 
acetate of lead^ and brownish yellow with nitrate of silver. 

The following analyses of gamboge are by Dr. Christison : 



pipe-gamboge 
from Siam. 

Cake-gamboge 
from Siam. 


Ceylon gamboge. 


Eesin 

74-2 

71*6 

64-3 

66*0 

687" 

71*6 

72*9 


Gum . 

21-8 

240 

20-7 

19*7 

20*7 

18*8 

19*4 

18-4 

Amylaceous matter 

, , 

, , 

6-2 

60 





WoMy fibre 

. . 

, 

4-4 

6*2 

6*8 

6*7 

4*3 

0*6 

Moisture 

4-8 

4-8 

4-0 

4*6 

4*6 


. 

4-8 


lOO’S 

100-4 

99-G 

100*6 

1000 

Wo 

Wo 

99*3 


, Cake gamboge is not entirely a natural product, but a manufactured article, 

The resin contained in gamboge is easily separated by means of ether; it 
hyacinth-re<^ and yields a powder of a very fine yellow colour. It possesses marked 
acid properties, decomposing alkaline carbonates at the boiling heat, and forming with 
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thP alkalis red ealte, which may be separated from their solutions by common salt like 

0O&p0* ’ 

According to Buchner’s analysis, the resin contains 72 04 per cent, carbon 7-2t 
(liogcn, and 20'73 oxygen (mean), and its silver-salt, 18'7 ner cent ivriAanf^'t ^ 
whence Buchner deduces for the resin the formula and for the adl iil*!* 

the formula C^IP>OKA^O. Joi.nston assigns to the resin therrmSa 

Chlonne turns the resin white, and decomposes it. Nitric acid decomposes it at the 
boiling heat, forming oxalic and picric aeida ^ 

Gamboge is sometimes used in medicine as a purgative, hut its administration re- 
quires great caution. Its principal use is as a pigment in water-colour mintinu 

Yellow juiceA which, when inspissated, form a substance resembling gamhoire are 
obtained from severaltrees of the gnttiferons and hypcricaecons tribes. Homo of them 
give good colours, hut less permanent than that of real gamboge. An nHificial g-im- 
bc^e is somrtimes manufactured with turmeric and other materials. This should be 
rejected* (Gerh. iv. 474 . — Penny Cyclcjnedia, vi. 176.) 

OAMBIOBASraS. (Breithaupt, Jahresber. I8GI, p. 986. )_A black amphi- 
bole from the timazite {q.v.) of Oamgigrad in Serbia, wliero it occurs in crystals ex 
hibitiiig the usual combinations of hornblende. ITardnoss *=5-6 (on tlie ordiimrv 
scale, 7 on that of Broithaupt) ; specific gravity » 3*119. It is vrlvct-black with a 
jrlassy lustre, opaque, and yields a greenish-grey streak. According to R, Miillcr it 
melts very easily and quietly before the blow-pipo, to a greenish black, strongly nJiij- 
netic glass. It is but slightly attacked by hydrochloric acid. It contains* 


SiO» 

46*68 


Al*0» 

13-68 


FeO 

12*29 


MnO 

6*00 


MgO 

8*44 


CaO 

8*83 


Na»0 

8*17 


K*0 

1*00 == 99*94 


CrAKOtrS. The stones which 611 the cavities forming the veins of metals, aro 
called the gangue or matrix of the org. 

GAirOMATXTlI. Syn. with Chenocopbomte (i. 867). 

GARAXrCBirX. A product obtained by treating the waste madder of the dye- 
houses, which still contains a certain quantity of alizarin and other colouring matters, 
with sulphuric acid, to remove lime, magnesia, &c. It is adapted for dyeing red and 
black, but does not afford a good purple. (See Maddeb.) 

GARAIVCXSNr* The product obtained by treating pulverised madder, previously 
exliaustcd with water, with concentrated sulphuric acid at 100<^ C., and again washing 
with water. The residue thus obtained, is found to yield better results in dyeing than 
madder itself, the colours produced by it being more brilliant, and requiring less after- 
treatment, while the white portions of the fabric remain unsuilied. (See Maddeb.) 

OARBSKaXZliBXTS. Syn. with Stii.bite. 

GARGXirXA XBARGOSTARA. (Resin of). The crude resin contains 87*9 per 
cent, pure resin soluble in alcohol, 8*3 per cent, gum soluble in water, and 3 8 per cent. 
insoluble matter, consisting of woody fibre and earthy substances. The residin' obtained 
by evaporating the alcoholic solution is a transparent amorphous mass, having a lemon- 
yellow colour when pulverised, easily soluble in alcohol and in ether, only partially 
soluble in alkalis. It melts at llO'^ C., and consists of The ammoniHcal 

«oliition of the purified resin, forms with neutral acetate of lend, an egg-yellow, gummy 
precipitate, which when dried at 110®, is said to contain The residue 

obtained by evaporating the ammouiacal solution is greenish, melts at 80® C., and 
consists of Tlie portion insoluble in ammonia is pale yellow, melts at 116®» 

and consists of (N. Reitler, Chem. Centr. 1858, pp. 510 and 576; 

Jahresber. 1858, p, 449.) 

The rind of the finiit of this tree is used in the East Indian Islands as a remedy 
against fever ; it contains a substance called mangostin (^.v.) 

GARRBnrxA ORiLiroZFBORik. A Chinese plant, the pods of which yield 
crocin (p. 108.) 

GARRBT. Grenat Ortwot— This name comprehends a variety of minerals, 
all crystallising in the monomotric or regular system, and represented by the general 
formula 3AfO.APO*.2(SiO* (Berzelius), 3MO.M^(P.^SiO^ (Gmolin), or M m SiO* 
(Odli ng) ; wherein M = Ca, Mg, Fo, or Mn, and m = /«, al, or mn.* Thus a vanety 
of substances are met with differing in composition, but identical as to their c^stitu- 
tion, known generally as garnets, but having each a distinctive name. According te 
TroUe Wachtmeister, all garnets maybe considered as mixtures of the following kinds 
of garnet in varying proportions. The names inclosed in brackets after each formula 
designate the varieties of garnet in which that particular compound predominates : 

1. CaafSiO* (Citmnmon-stone, Grossularia and white garnet). 

2. Mgn/S:0‘ \Black garnet from Arendal). 

• aI s= t Al •- fr = 1 F« : »«» = 1 Mn. 
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3. Mna/SiO^ (Oamet from NorUi America and firoxn Broddbo). 

4. Feo/SiO^ (Orientfil Almandine and other red precious garnets). 

5. Ca/<?SjO^ (Common yellow, brown and black garnet; also MelanUe), 

i" compounds do not predominate in any known spe- 

i Fo]^8iO‘| 

which consists principally of the compounds 1, 2, and S, is characterised by 
containing chromium, which probably replaces part of the alumiaium. 

Garnet crystallises in rhombic dodecahedrons ooO {fig. 178) or trapezohedrone 202 
(^.180), more frequently, however, in the combinations ooO . odOqo {fig. 201), and 
ooO , ^2 {fig. 206). Cloiivoge imperfect parallel to ooO. (Kopp.) 

The formula Caa/SiO*, whore Ca is partly replaced by Mg, Mn, and Fo, and <d by 
/c, likewise belongs to vesuvian, which, however, crystallises in forms of the dimetric! 
system ; honco the chemical compound represented by this formula is dimorphous. 
When grossularia from Wilui is melted, it becomes undistinguishable, both physically 
and chemically, from fused vesuvian from the same locality. 

Garnets are generally transparent or translucent, rarely quite opaque ; their colours 
vary from red or red-brown to yellow, white, green, and black, according to the metallic 
oxides which they contain. They have a vitreous or resinous lustre. Specific gravity 
* 3*16 to 4-3. Hardness == 6*6 to 7*5, or rather greater than that of quartz. 

Garnet melts readily before the blow-pipe to a transparent glass ; behaves with 
fluxes like vesuvian. The fused glass has a lower specific gravity than garnet 
Garnet froni Greenland has a specific gravity of 3*9; after fusion, only 3*05. Garnet 
is generally not attacked by hydrochloric acid, unless it contains a large proportion of 
lime, and then only partially ; but, after fusion, it may be entirely decomposed by 
hydrochloric acid, with separation of gelatinous silica ; a red heat is suflicient for this 
purpose when the garnet is rich in lime. (Kobell.) 

The following are analyses of garnets: — 1. 0. G mol in (Berz. Jahresb. v. 224).— 
2. Klaproth {Bdtrdge^ v. 138). — 3. Tr. Wachtmeister (Kongl. Vetensk. Vdrli. 
1823). — 4. Croft (G. Hem notch dem Uralf p. 132). — 5. Wachtmeister 

{loe, 6. Hisinger (Schw. J. xxi. 268). — 7. Kobell {ibid, Ixiv. 283).— 

8. Seybort (SiU. Am. J. vi. 155). — 9. Hisinger (Berz. Jahresb. ii. 101).— 
10. Kersten (Karst. Arcln f. Min. iv. 388).— 11. Wachtmeister, (/oc. cit.). 
— 12, Vauquelin (J. Pliys. 1. 94). — 13. Hamour (Institut. 1856, p. 1198).— 
14. Wachtmeister (Pogg. Ann. iL 1). 


Limc-aarnct, 


SiO* 

Al*09 |.'e*r)3 

FeO 

MnO 

MfO 

CaO 

1. Ceylon, Cinnamon stone 

. 38*80 21*20 6*60 

, . 

, , 

. , 

31-26 

2. Wilui, Grossularia 

. 44*00 

8-60 12*00 

, , 

trace 

, 

33*50 

3. „ 

. 40 65 20-10 6*00 


0*48 


34*86 

4. Urals, white . 

. 36*86 

24*19 . , 

• • 

• • 

• • 

37*16 

Magnesia-garnet. 

6. Arendal 

. 42*46 

22*47 . . 

9*29 

6*27 

13*43 

6*53 

Iron-garnet or Almandine. 

6. Fahlun . 

. 39*66 

19-68 . . 

39-68 

1*80 

. . 

. . 

7. Hungary, precious . 

. 40*66 20*61 6*00 

32*70 

1*47 

• • 

• * 

Manganese-garnet. 

8. Haddazn, Connecticut 

. 36-83 

18-06 14-93 

• • 

30*96 

• • 

• • 

Iron-lime garnet^ 

Melanite, Pyreneite. 

9. Westmanland 

. 37*66 

31.35 


4*70 

• 

26*74 

10. Schwarzenberg, 

. 36*86 

4*06 26*36 

. . 

0-96 

e • 

32*32 

11. Vesuvius, brown . 

. 39*93 

13*46 10*96 

3*36 

1*40 

e • 

81*66 

12. Frascati, black 

. 34*00 

6-40 26-60 

• • 

• • 

• • 

33*00 

Chrome-garnet 

SIO* 

A1»0» Cr*OS 

FeO 

MdO 

MgO 

CaO 

13. Bissersk, Ural, Uvarowite 36‘67 

8*26 23*46 

, , 

, , 

. . 

33-22 

14. iy*qpe, Bohemia . 

. 43*70 22*40 6*62 

11*48 

3*68 

6*60 

6-72 


« 97-75 

e 9800 

=* lOO'OO 
» 98-20 


» 100*44 


» 100*80 
a 100*34 


« 98*79 


- 100*84 

- ^ 99'52 

- 100*74 

» 98*90 


- 98*50 

- 10010 


Gamets are almost always found crystallised, and disseminated amongst 
rocks, especially mica-schist, gneiss, pegmatite, clay-schist, seipentine rocks, and cal- 
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fareoun rock* in the neighb<mrtiood of crystallme doposits. Tlioy am also found in 
tnichyti®» baBaltic, and Tol<»nic earthe of recent formation ; and are then generally of 
that class known as Melanitc, which contains ferric oxide Garnet lias also been found 
in small granular masses, and sometimes in small strata in mica-schist. (Beudant.) 

Altered Forms, — Garnets containing ferrous oxide, often become rusty and disinto- 
crated oxidation of the iron, and arc sometimes altered to red iron ore. The 

lime in lime-garnets may be taken up by the earbonic acid in waters, and if'jnagncsia 
is combined with the carbonic acid (as acid carbonate), it may take the place of Uie 
lime, and thus give rise to a steatitic pseudomorph, or to a chlorit <», if tlie iron partly 
remains. Quartz also occurs with the form of garnet. (I) a na, ii. 194.) C. E, L. 


OAB^ The term gas, now commonly applied to aeriform substances, was intro- 
duced about the middle of the seventeenth century by Van Jlclmont ; but its general 
use, even in scientific language, is of much more recent date. Strictly speaking, a 
gas i» a substance possessing the condition of perfect fluid elasticity, and prewuitiiig, 
under a constant pressure, a uniform rate of expansion for equal iiicreineulH of 
temperature, whereas vapour, which may be n’gardod as corresponding to gas near a 
utate of maximum density, docs not, under constant pressure, present a rate of (!xpan- 
Hiou that is imiform for equal increments of temperature. 

Since the liquefaction of several gases that were considered to be permnnent, lias 
been eflfected, the distinction between gas and vapour, originally establislied by A'an 
Jlelmont, and since generally adopted, viz. that vapours could be reduced to a liquid or 
solid condition by increase of pressure and reduction of t<?mpcraturc, mIhIc gas could 
not be so altered, is no longer tenable, or, at most, it applies only to the ordinarily pr(‘vail- 
ing conditions of atmospheric pressure and temperature. Under great pressure, gases 
aptx*ar to approximate to the condition of vapour, and vapours, at high temperatures, 
assume the characters of gas. , 

Prior to the middle of the seventeenth century, the sul)stantial nature of aenforin 
substances was almost unknown. It was considered that air, like fire, was an clement 
of extreme subtilty, with a natural tendency to rise from the earth. Still it was held 
that air contributed to the formation of some substances, and evi'n that it was a con- 
stituent part of them, but there was no decided opinion as to the material nature a ml 
ponderability of air. . . 

A still greater vagueness prevailed with regard to the appreciation of the chemical 
characteristics and functions of air. It was known to be in some way nocessaiy for 
the support of fire and of animal life ; but its influence in regard to tlu-se plienomeim 
seems to have been regarded more as analogous to the influence of light m vegetation 
than of tliat nature which it is now known to bo. .... 

As regards the existence of aeriform substances distinct from atmospheric nir, ir is 
very doubtful whether anything was known either by t he ancient s or by the nlehemisl s. 
The suffocating or inflammable nature of the air evolved from the o.aitli in various 
localities was early observed, and, under the terms or 

stances produced artificially appear to be referred to by some ot the writers from the 
fourteenth to the seventeenth century. It seems, however, to have lieon genorn y con- 
sidered that aeriform substances, differing in their cliaraclors from atmospheric air, 
wore not essentially distinct, but that they diffenMl from it only ui conseqm nee o 
admixtures Thus, Basil Valentin, describing the inflammable air and suttocating 
air of minea, says, ‘ It must be remembered that choke-damp is so called hoemm^t is 
not pure air l&e that above ground, but always carries with it som(?tlurig that is 
thicker and more detrimental to man than the air above ground. 

The aeriform substances generated during chemical opcralions 
little regarded at this perioil Paracelsus (1493-1641) .yiv 

the solution of iron by sulphuric acid, as an eruption of ai^ bu . ^^l i<> 
signifteance to it. tL knowledge of Libayins 

xtancM, appoata to hare been limited to the intiaminiible and s > d b 

"*V?n Helmont (1577—1644) was the first to undertake (he 

substances whose characters were different firom those of and vapours, 

tlmt they could be produced artiflcmlly. He norcoS 

being respectively permanent and condensable ri r»hipflv combus- 

He sh^edTat tfie conditions under which gases a^ f Ja 

tion. fermentation, putrefaction, and the reaction of ac«^ 
subfltiinfaAa jerrt "Rwif <a<f flirt time, be was far from naving y 


.nhstances.*;- But at the «ame time, ha was far ^ 
of the relations between air, gas, and vapours, nor did J 

Ike distinctions between different kinds of i^nrhnnvm ho descn’bcd carbonic 

Under the name of gas sylvcstre^ and more rarely as existing 

acid as being a produrt of the combustion of fuel, of tcrmciitation, Oc c., aim 
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in mineral waters, in caverns, and in the stomachs of, animals. He showed that it co^lj 
be obtained from limestone by means of acids, that it would not support life, and that 
it extinguished flame. But he confounded under this term several other gases quite 
distinct from carbonic acid, such ns nitric oxide, sulphurous acid, &c. The only dis- 
tinction he appears to have drawn between gases was hetweou what he termed qtis 
si/lvestre and the inflammable gases produced by the destructive distillation of organic 
substances and in putrefactive decomposition. Van Hehnont also observed tlmt wlieu 
a light Wfis burnt under a boll-jar over water, the air which remains afler a time extin- 
guishes the flame ; but he gives uo further account of this air, nor did he make any 
advance towards a knowL:dge of the part played by the atmosphere in combustion 
aud animal respimtion. 

In the early part of the seventeenth century, even p^e^^ollsly to the demonstration 
©f the ponderability of air by Torricelli, in 1643, the influence and functions of 
•atmospheric air began to attract the attention of chemists. One of the earliest and 
most remarkable inquiries into this subject was instituted by Jean Rey, a French 
physician, in consequence of a communication from an apothecary named Brun, that 
he had observed, in the calcination of tin and lead, an augmentation of weight in the 
calx obtained, which.he was unable to account tor. In 1630, lioy published a treatise 
on this subject, entitled “ Essays sur la recherche de la cause, pour laquelle I’etain < t 
le plomb augTneiitent de poids, quand ou les calcine,” which, though chieHy of a 
speculative character, distinctly puts forward the opinion that the augmentation of 
weight observed in the calcination of metals was duo to the absorption of air. At 
the same time, however, Key, adopting the prevailing opinion of his period, that 
•metals were compound substances, considered that the absorbed air combined with 
the calx pre-existing in the metal, and made it heavier tlian the metal from whicli it 
was obtained, in the same way that sand is made heavier by water adhering to if. 
Ho also pointed out tliat the augmentation of weiglit in the calcination of metals was 
limited and definite. “ L’ air espaissi s*attaclio A- la chaux, ct va adhe^rent pou a peu 
aux plus minces do ses parties; ainsi son poids augmente du commencement jus qu ji 
la fin. Mais quand tout est aifublA, elle n*cn scaurait prendre davantage.” Tin’s 
essay of Key’s was the first attempt to elucidate a phenomenon which, nearly a century 
and a half later, served as the key to a knowledge of gjiseons substances, and funiislied 
the basis of the present system of chemical sci<;iice. It attracted, however, but little 
attention, and did not lead to any ex peri men tal investigation of the subject. Mean- 
while the facts of the augmentation of weight in the calcination of metals, of tho 
necessity of air for respiration and combustion, of its alteration by those proitcsscy, 
and, at a later period, tlio fact of the absorption of air in the calcination of niettils, 
though perfectly well known and established, floated through tho chemistry of tlio 
int-ervening period, unexplained and unappreciated, much as the facts of isomerism, 
allotropy, and catalysis remain, amidst the chemistry of the pr«‘Scnt day, without 
explanation or apparent connection with other facts. 

But though tho tendency of chemical iiive.stigation prior to the latter part of the 
eighteenth century, did not lead to the experimental study of these important plieiiorm na 
in any degree commensurate with their actual value, their consideration iJj a more 
spocudative manner was not neglected, nor was it wdthout useful results. The direct 
study of aliform suhstauces was also prosecuted with some success. The iiiflairima- 
bility of the air produced by the reaction of iron with dilute sulphimc acid, wms made 
knowji by Turqiiet de May erne, in 1650, which may beregarded as the date of the 
recognition of hydrogen as a distinct substanco. 

In 1665 Hooke propounded in liis “ Micrographia ” a theory of combustion, which 
was designed to afford an explanation of the necessity for tho prcisence of air for its 
support. Ho considered that atmospheric air contained a substance analogous to, if 
not identical with that fixed in nitre, and possessing the property of dissohdng all 
combustible -eubstances, provided their temperature was raised suflicieutly high. Tin's 
solution he supposed to take place with sudi violence, that lire w^as produced, which 
m his opinion was simply a phenomenon of motion. The product of this Bolution 
might be aeriform, liquid, or solid. Combustion in a limited quantity of air was con- 
eidered by him to cease, in consequeiwe of the solvent becoming saturated with tho 
combustible substance, and could be revived only by a fresh supply of air. The ^n- 
©titueiit of air which he regarded as thus taking part in combustion, existed in a 
highly fixed condition in nitre, so that a given bulk df nitre contained incomparably 
more ‘Of it than an equal bulk of air. Hooke’s \dews were, however, put forward in 
such general terms as to be destitute of any scientific value, and are of interest rather 
«I8 showing the absence, at that period, of true principles of chemical investigation, 
which mi^t have led to discoveries of the highest importance, had they been appli^ 
under the influence of opinions which, in their general tendency, were so much alhed 
to tbe more advanced knowle^l^ ofthe presents 
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Hooke’s views were sn'bsequcntly developed by Mayow in his “ Tractatus de sa 
nitro et spiritu nitro-aeroo»” published in 1669. His spir/eu.^ 7iitrn^(wrcus, existin 
l)oth in air and in nitre, was the solvent whieh Hooke had assumed to he active i 
combustion. A siinihir theory was also propounded in refcreiK'o to respiration am 
animal heat by Willis, in his “Exeroitatio de Sanguinis inealesceiitia sivo aceen 
sione,” published in 1671, with the difference that ho regarded coinhu.Ktion as consist 
ing, not only in the reaction of the combustible with a constituent of atmospheric aii 
but also in the simultaneous elimination of a combustible principle from the former. 

Far more in accordance with the spirit of experimental investigation were tlie laboun 
of Boyle, with regard to aeriform substances, and the related }>}ienomena of eonil)iis 
t ion, respiration, &c. In his “Continuation of new exporimonts ])bysico-mcch;\nical 
touching the spring and weight of air and thoir effects, wlierein are eontaint'd div(*r! 
experiments, made both in compressedand also in factitious air,” &c., published in 1680 
lio showed that air could be produced artificially, and lie was the first to collect the aii 
thus produced, without mixturo with atmo.spheric air. His examination of factitioui 
iiir was, however, more physical than chemical. In liis “Tract containing sn.spicion.- 
about some liidden qualities of the air” (1674:), and in liis “ Ceiieral hi.Htory of tlu 
air” (lOOi^), he frequently refers to the alteration of air in combustion, lint his <.*onclu- 
nioiis are more guarded than those of his predecessors. Tfe was satisfii*d tliat, liy rrspi- 
nition and by combustion, something was abstracted from the air, but he defines this 
oulv UH “ some vital substance diffused through the air, whether it be a volatile nitns 
or (rather) some yet anonymous substance, sidereal or subterraiieal and referring to 
the views of Hooke and Mayow, he says, “though T agree with them in thinking that 
the air is in many places impregnated with corpuscles of a nitrons nainre, yet, 1 eon- 
foss that I have not been hitherto convinced of all that is w'ont lo bo di livi'red nhout 
the plenty and quality of the nitre in the air; fori have not found thnt those that 
Imild so much upon this volatile nitre hayo made out, by any competent experimml, 
tliat there is such a volatile nitre abounding in the air.” 

Ill reference to combustion, and the calcination of metals, Boylo opposed the pn*.- 
vailing opinion that calcination was clue to tho scptmition of moisture or some otlnu* 
constituent of tho metal calcined, Tho increased weight of the calx ho n sen bed to 
the combination of ponderable hcat-substance, and this preconceived opiinon l<‘d him 
to disregard many of his most important ol>.servations. In the course ot Ins experi- 
nienls, ho clearly showed that in calcination, air is absorbed; but ho made im atfeinpt 
to connect this fiict with the augmentation of weight. JIo heated tin and lead in 
sealed retorts containing air, and found that, after maintaining the lient for eonsidcT- 
able time, on opening the retort, air rushed in to supply the place of wbat had been 
absorbed by the metal. But he regarded this merely as a proof that the retorts Inul 
been hermetically closed. Nor did Boyle arrive at any knowledge of the m 

wliieh air took port in, and was es.sential to combustion, 

“ New experiments touching the relation betwixt flamo and nir (1()72), that in a 
vacuum combustion could not take place, and that lead was converted into a calx only 


wlicii in contact with air. ^ , . _ • 1 4 . 

Simultaneously with Boyle, a similar explanation of tlie increase of 
OHlnimtion of meteU was given by N. Lemory. In hw “ Cours d« ehy.mo (K-IH 
lie says, “oltbough by the action of fire, some snlphnrous or volatile portions ■ 
are separated which ought to diminish the weight, nevertheless, a ei a ongc. ^ . 

tion, it is found that, in place of weighing less, as it should do, it 
he ascribes this fact to the penetration of tlie fire-corpusclca into the jiures of tho 


In this respect, the views of Becher, Boyle, and N. ^*' 1 ''"’^/. . ! , ,1 themaiority 
Weight in calcination of metahs, were identical; they were a I' r A t.j>]itcentii 

of chemists at the time, and wore retained up to the commencoi b 


vorre, . . . . sur la cause de 1 augmentation du poidsde 1 retort hcsnvp “these 

cination.” Eeferring to Iho^Ie’s experiment with lead in a s<^i imnenn'eability 

chemical observations do not at all convince me ; j oiumd ncrmenbility of 

of the glass than its permeability For to 

glass by that experiment, he should, ^ .ke weight he should have 

gether Wh its intents ; then having e^tly 

weighed it agiun with its contents, a^r ha^ng thf retU was opened, did 

♦he external air. which he wys ®**’?®;^.l“7h^d Ven observed before ojicning the re- 
not cause an alteration of the weight that had be retort weighed more 

tort ; . , . without doubt he would then have found that the retort wc y 
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aft-ep it was opened than it did heforp/* Tliw criticism of Boyle’s experiment and 
conclusion noway affects the main olnect he had in view, viz. to establish the ftl^sorp, 
tion of air in the calcination of metals ; but it is highly interesting as illustnitive ^ 
the growing sense of tlio importance of quantitative observations in chemical investi- 
gation, and more especially since the deficiency pointed out in Boyle's experiment wfw 
precisely that which, when subsequently supplied by Lavoisier, contributed so lar-^piy 
to the establishment of correct views of the calcination of metals, ^ 

About the commencement of the 18th century, the belief in the ponderable nature 
of lieut became considerably shaken, and with its abandonment, the previous explana- 
tion of the increased weight of metallic calces fell to the ground. Those chemists who 
noticed it at all, put forward various hy|K)thoses to account for it ; some regard(d it as 
accidental, and Stiihl disregarded it altogether, as quite unimportant 

The next step of any importance in the chemical history of aeriform substances, 
WTis made by Hales, who published in 1727 his “Vegetable Staticks; .... also a 
specimen of an attempt to analyse the air, by a great variety of chemico-stjitical ex- 
periments.” His investigation of this subject was distinguished from those of his pre- 
decessors, chiefly by his adopting a quantitative method, and by his employing improved 
apparatus for preparing and collecting gases. Hales was the first to use an apparatus 
which was the germ of the pneumatic trough now employed. A globular vessel, filled 
with water, and inverted with its mouth under the surface of water in a large pan, 
served for the collection of the gas, which was generated in a retort., with a long nrck 
extending up into the globular vessel serving as a receiver. The various aeriform 
substances ho obtained, were examined only as to their inflammability, or their jiowrr 
of supporting combustion. He first observed the diminution of vohitne of alnif)- 
splieric air, when mixed with nitric oxide, which nft.epwards, in the hands of Cavendish 
and Priestley afforded, such important results; but generally. Hales’ experimenls 
oont,ril)uted little to the existing knowledge of aeriform substances, and he appears to 
have regarded the different substances of this kind which lie obtaincid, as meremoditl- 
cations of atmospheric air. His own conclusion from those “ experiments, which show 
in how great proportion air is wrought into the composition of animal, vegetable, and 
mineral substances, and withal, how readily it resumes its elastic state, when, in the 
dissolution of those substances, it is disengaged from them,” was in the following 
W'ords : “ Since, then, air is found so manifestly to abound in almost all natural bodies; 
since we find it so operative and active a principle in every chemical operation ; since 
its constituent parts are of so durable a nature, that the most violent action of fire or 
fermentation cannot induce such an alteration of its texture, as thereby to disqualify it 
fi*ora resuming, either by means of fire or fermentation, its former ehiatic state ; unl(«8 
in the case of vitrification, when, with the vegetable salt and nitre in which it is in- 
corporated, it may perhaps, some of it, with other cheiirical principles, be immutably 
fixed ; since, then, this is the case, may we not with good reason adopt this now fixed, 
now volatile Proteus, among the chemical principles, and that a very act iye one, as well 
as acid sulphur, notwithstanding it has hitherto been overlooked and rejected by che- 
mists as no way entith'd to that denomination?” 

Hales’ main result, therefore, like many more of the results of scientific labours at 
that period, consisted more in the proposition of a problem than in its solution, either 
wholly or in part. ; and in this light, the general conclusion at which ho arrived bad 
the merit of being the first comprehensive indication of an important and fertile path 
of research, which before his time had been little pursued, but soon tifterwards beciime 
the means of entirely remodelling chemica.1 science. 

Of the writers,' contemporaneous with and immediately following Hales, little 
need be said, as their treatment of the subjects of aeriform substances, combustion, j&c., 
was mostly argumentative and prolix rather than experimental, without adding any- 
thing to the existing state of knowledge. Thus, for instance, a lengthy swt ion of 
Boerhaave’s “Elementa Chemise,” 1732, was devoted to criticisms of opinions and 
speculations as to the nature of air as an element. But by this time the speeulntiyo 
vein of chemical study had pretty well run out ; the establishment of the phlogistic 
theory served to give a more systematic and comprehensive character to the science, 
and admitted of its being cultivated in a manner more calculated to secure progress 
than the desultory inquiries hitherto undertaken, under the influence either of 
alchemistic or of metaphysical doctrines. 

Chief among the achievements of this epoch was the investigation of the difference 
between caustic and mild alkalis by Black, and the consequent demonstration of the 
existence of carbonic acid gas, or as he termed it, fixed air, this being the first instance 
of a gas being proved to be essentially distinct from atmospheric air. 

This investigation is, perhaps, the most remarkable in the whole history of chemistry, 
whether it bo considered in regard to its special character, or to its subsequent influeni^ 
,pn the development of the science. Undertaken, in the first instance, merely to fhmisii 
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pibiect-mattcr for a medical thesis, it nevertheless stands out far above any other 
cliPTiiicHt research of that or any previous periwl; pre-eminent in its completeness and 
amiracy, it se^ed as the inauguration of pneumatic chemisti^^, as the first decided step 
in that path of research which had been suggested by Halos, und as the corner-stone of 
pioaorn chemistry. 

Having, in the first instance, ascertained that caustic lime, exposed for some time to 
the atmosphere, became heavier, at the same time that it lost its causticity, instead of 
Incoming lighter, as might liave been expected if that change were really \lue to the 
^<cape of a ponderable heat-substance, Black perceived in this fact sufficient grtnind for 
rt-jt^cling the received doctrine of ponderable caloric. Ho next ascertaintd that the loss 
of causticity and the increase of weight were accompanied by a eonsidenible absorption 
of air. On extending his observations to magnesia, he found that it effervesced with 
acids, that it lost weight by ignition, and then no longer effei^esecd with acids, though 
it .‘itill yielded the same salts with acids, as the magnesia that had not been ignited. 
]lc Iben sought to ascertain wliat was separated from magnesia by ignition, causing 
tiio loss of weight; and, with that view, lieated a weighed quantity in a retort. 8ome 
filter was thus obtained, but not sufficient to account for the whole loss of iveight by 
the magnesia. This led him to suspect that air was disengaged from the magnesia by 
i^rnition ; and to determine this point, he dissolved a known quantity of ignifi'd magnesia 
in sulphuric acid, then precipitated it by means of a mild alkali (earbonatr of potash), 
iu)d found that it had increased in weight as much as the magnesia had lost in wciglit 
ly ignition, and that it liad recovered all the qualitie.s which the magnesia lust by 
iiriiilioii. Hence he concluded that the loss of weight and alteration of qualities pre- 
F(i]tc<l by magnesia on ignition, w'cre due to the separation of air, and that tho 
rt'stitution of tliose qualities, and the increase of weight, when ignited magnesia was 
ilissolvccl by acid and precipitated by a mild alkali, were due to its recovering from 
llie alkali the air that had been expelled by ignition: in this latter conclusion he w'as 
guided l)y Hales’s observation, that fixed alkali contained abundance of air. His 
slalcinent of these conclusions is very simple and clear. “ Quid ergo magnesia 
lu'C experimento amisit, quid demum recuperavit, quod, quum ade.sset. tarn mnltas 
qualitiiles dabat, cum abesset, tollebat? Aerem forte: experimenti enim vigesinii 
oiiisidi-rul ionc, vorisimile admodum videtur, ponderis, ustione amissi, partem maximam 
jit rc cvMiiido constare: et hoc quidem coroboratur, quod aerem nullum, post ustionem, 
in acido injectii cinittat. ISonne etiam verisimile, aerem iterum mugm'siic ab alkali 
n slitiii, quo tempore iilam hoc de acido depellehat : alkali itxuni acre certe abundare, 
<x ingoniosi Hales experimentis constat, cujus quidem mugnam vim eruclat, ubi acido 
I'liro conjungitur ; hue occasione, quamvis non pure, acido tarnen certt‘ conjungitur, et 
Hill etiam medius ex honim conjunctione Ht, copiA, dotibus, omni deniqno modo idem, ac 
Hi ai idiirn purum additum fuisscff ; sed nequo tarnen vel minimum aeris (^rumpit ; noiino 
igitur ex alkali ab acido excutitur, et magnesife sese unit aer?” — JJimrt. toed tnaug. de 
Jlu/tiurc Lh'kio a clhis orfo, ct magnesia alba, 1754, p. 37. 

black then examined the air evolved from magnesia and alkalis by means of acids, 
nnd found that it was identical with tliat given off in fermentation. He gave it the 
name of fixed air, and explained tho difference between caustic and mild alkalis and 
nlkuliiie earths as being due to the presence or absence of this substance. He showed 
fixed ail* was essentially distinct from atmospheric air, in regard to its chemical 
fliiiracter, and in regard to respiration and combustion; that it was prodiiee<l by the cum- 
hustioii of fuel and hy respiration, its chief characteristic being the power of combining 
caustic alkalis, and to some extent neutralising them after the manner of an acid. 
In his inaugural dissertation, published in 1754, he also suggested that, the explosion 
fiiluiinating gold might be due to its containing air in a fixed state, and that tlio 
inpreaso of weight observed when metiils were dissolved by an acid and then precipi- 
tatiMl by an alkali, might also be due to air furnished by the alkali. 

Shortly afterwards Macbride published his Experimental Essays ( I which 
tc gave tlie results of a more minute examination of the conditions under wliicli flx«*d 
'CT* or carbonic acid is produced in fermentation, putrefaction, &c. i i, i ^ 

Pneumatic chemistry received a further important development at the hands of 
Cavendish, who published in 1766 his “Experiments on Factitious Air’’ in winch he 
pive the results of his examination of fixed air (carbonic acid) and innammuble air 
(liydrogen), describing their physical and chemical characters, m^e of preparation, and 
Ihe apparat us by which they were to be submitted to experiment. He showed that nydro- 
e<;n, mixed with various proportions of atmospheric air, exploded with different degrees of 
violence ; that equal weights of different metals gave different quantities of hydrogen with 
<lilTite sulphuric acid ; that the concentrated acid did not furnish hydrogen with metals, 
«^Tid that when they were heated with it, another gas (sulphurous acid) was evolved, 
I'ixed air (eark/nic acid) was sliown by Cavendish to precipitate lime and magnesia 
frjm their solution in water, and again to redi-ssolve these precipitates ; lie connected 
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with this fact the precipitation of earthy carbonates from water when hoilr^l 
showed that potash combined with fixed air, producing a more easily crystalli,-. iT 
salt He also made somt advance towards the determination of the quantitative ^ 
position of the earthy and alkaline carbonates. 

In 1769, Lane showed that chalybeate water contained fixed air as the solvoiit 
the iron; in 1771, Priestley observed that fixed air kept in contact with growi I 
plants, acquired the capability of supporting combustion and respiration, and th? 
this change was effected only in daylight; in 1774, Borgmann published a lou , 
memoir on carbonic acid, under the name of Acidmn aercum^ showing its existenec 
the atmosphere, that in its chemical functions it possessed the characters of an acid uulf 
in short, developing more minutely many of the details of its history, which had’U't' ' 
previously more or less incompletely made known. L a v oi si o r’s description of tliis 
published in his Opuscules Physiques et ChymUpms (1774), was simply a coiilirnjurioii 
of Black’s experiments. 

Shortly before this time (1772), a very important discovery with regard to the con 
stitution of the atmosphere was made by Rutherford, who show«jd that, in respira- 
tion, air was not, as Halos had supposed, rendered unfit for supporting combustion or 
respiration, by being impregnated with admixtures, but that it naturally contaiiie.l a 
substance (nitrogen) which was incapable of supporting combustion or respiration, lie 
obtained nitrogen by absorbing the carbonic acid from air wliicli animals had breafln i] 
and showed that it extinguished flame and was suffocating. In the same year, 1 ho caloina! 
tion of metals again became the subject of inquiry by Priestley and Lavoisier. Tlio 
fomor referred, in his “Observations on different kinds of Air,” to the absorption of 
air when lead or tin was calcined in closed vessels; but, under the influence of ili,^ 
phlogistic theory, ho failcKi to connect this fact 'with the augmentation of weight of t in* 
calces. Lavoisier, in the same year, communicated to the Academic, ns tJie result of 
his experiments, his opinion, that in the calcination of metals, as wtdl as in the com- 
bustion of phosphorus and sulphur, the increase of weiglit that took place was 
to the absorption of air, which was again liberated in the gaseous state wlien inctiillic 
calces were reduced. In 1774, ho made known the experiments upon wliicli this 
opinion was baaed. One was essentially a repetition of Boyle’s oxperLinejit with Icju! ; 
but Lavoisier determined the weight of the retort and its contents before opening it, 
and thua ascertained how much air entered the retort 'w^heii it was opened. I’his 
quantity was found to be exactly as much as the inercasi^ of weight in tlie calcimil 
metal. In the same work (^Opuscules\ Lavoisier also showed tlnit tlie augmentiilinn 
of weight taking place when mercury or iron was dissolved by acids and precipit.il.-d 
by Hme, was probably duo to the combination of the metals with a gas deri\'ed fitjin 
the precipitant, and although the experiments on which ho based this conclusion wcie 
mixed up with the production of metallic carbonates, as well as mere oxi.Ij.s. tli^^ 
evidence they fiirnished of the part played by gaseous substances In cliemieal cluing's 
was not less important than if they had referred only to the pro«Uietion of trin^ calcos 
or oxides in the wet way. These experiments were, both in tlieir form and signillc.inco, 
an exact extension of those by which Black arrived at a knowledge of thi' cheMiical 
nature of alkalis and their carbonates. 

In tho same year, Bayen sliowed that oxide of mercury was decomposed by hc;it, 
without any addition of phlogistic substance, that a gas was evolved in the ])i- 0 (?(ss, 
and that tho reduced mercury weighed less than the oxide from which it was obUiinod. 
To Priestley, however, belongs the honour of tho discovery of oxygen, and of recogiU'^- 
ing its distinct nature, in August, 1774. He had, indeed, obtained it in 1771 fwin 
nitre, as Hales had obtained it in 1727 from red lead, but in both cases its true nature 
does not appear to have been noticed. It is, however,' more questionable to wliojn is 
to be ascribed the credit of liaving first arrived at the conclusion that tlie oxygon 
which Priestley obtained from oxide of mercury and from red lead, was that gasc'Oiis 
constituent of the atmosphere which was active in the phenomena of cojnbustion, cal- 
cination of metals, and respiration. It is at least certain that Priestley communicated 
to Lavoisier his discovery of oxygen very shortly after making it; but cou.sidcr- 
ing how much further advanced Lavoisier was at that time, in true appreciation of 
the phenomena with which this gas was so closely connected, than Priestley was, there 
seems but narrow ground for imputing to Lavoisier unfairness towards Priestley in 
claiming to be, jointly with him, a discoverer of oxygen. 

In November, 1774, Lavoisier, in his memoir “Sur la calcination de retain dans les 
Taiaseaux ferm^s,” first put forward the opinion that atmospheric air consist t>d of two 
gases, but he did not express any decided view with regard'to the nature of tli^ 
gases, except that one was capable of supporting- combustion and respiration, while 
the other could not. It was not until the end of 1775, in his memoir “Sur la natiu'e 
du principe qui se combine avec les m^taux pendant lour calcination,” that Lavoisier 
stated his conclusion that the gas obtained firom oxide of mercoxy by heat, was the 
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ine fw* constituent of atmospheric air ■which supported conihustion and respira* 
on, and combined with metals in calcination. In this memoir, he made known his 
of the composition of carbonic acid, which he showed was formed when oxide 
' ynercury was heated with carbon, and was therefore to he regarded as a compound 
• carbon with that constituent of atmospheric air which supported coinbustion. 
Schcele’s investigation on the constitution of the atmosphere,— made in 1774-76, 
it not published until 1777, in his essay on “Air and tromprised anotlier 

dependent discovery of oxygen gas, obtained by heating nitre or metallic oxides, hut 
1 lie was content with the fact, there was no dispute as to the priority of tlie discovery, 
bis essay also contained many valuable results connected with the coiinx»sitioii of 
0 atmosphere, the phenomena of combustion, and other details relating to pneumatic 
lomistry, especially the quantitative composition of the atmosphere, wliic.h, since tlie 
scovery of its nature, had been a more definite object of investigation than it had 
mierly been. As contributors to tlio attainment of this result, were Fontana, 
aiidriani, Lavoisier, Ingenhouss, Sigaud do la Fond and Davidson, 
was, however, by Cavendish’s “ Experiments on Air,” published in 1784-86, that 
e true quantitative composition of the atmosphere was first established, and tJio 
use of the discrepancies which had boon observed in eudionietriwil experinieiits 
;iile known. 

In the early part of 1783, which was a period of great importance in the history of 
icinifitry, the knowledge of aeriform substances had nuubiVi ry conslderalde progress, 
far as concerned the esttiblishment of facts as to the existence of different gases, 
0 part played by atmospheric air in combustion and respiration, and by gaseous 
ibstaneea generally in most chemical phenomena. A passage in Uie “ Histoire do 
kad^mie Boy. des Sciences,” for 1776, published in 1779, will sei^o to show tlu 3 
lange which had taken place -with regard to this subject. “ Les substances aeriformes 
irlcsquelles nous n’avions que des observations isohies, sent devennes, depuisquelqiies 
inees, I'objet des recherches des chimistes ; et dies out jet 6 un grand desonlre 
ms Ics theories les mieux 6 tablies ot les plus fernieujcnt adoptees. En eftet, on a 
eoiinu quo ccs substances, qui, an degre do chalonr do ralmosphtSre, sontdans Tthat 
; Huides expansibles, entroient dans la composition de la pliq)!irt des corps soH(les et 
lides; e’etoit done un iiouvel ordro de substances auxquelles il falloit avoir egiiitl 
ms I’analysiJ do ccs corps.” In the shttic volume, the increase of wtiight in calcina- 
i>n of metals was also referred to: “Ahisi I’on a obsi'i'ye dans li:s calcinations des 


vtaux, et lour reduction, que rexplicalion do Stael n’etuit sulTisanto; quo les «ub- 
aiieos mdalliques s’unissoieut, par la calcination, avcc ime especo d^air, qui s’en 
'gageoit ensuite dans lour r<^duction,” while not longer back than 1766, the same 
ihjcct was referred to in the “ Histoire de I’Acadcmio ” for 1763, in tho notice of a 
lonioir by Hollo t, Til let, and Macquer, “ 8 tir les Essais di>s Matien^s d Or et 
Argent,” in very different terms: “ Xj’ augmentation oT>servoo dans lo bouton 


e’est un vrai paradoxu chyaiiqiie^ quo rexpc^ricnce mot copoixAant borti uo aout<^ 
Inis s’il est facile de constator co fait, il ne Test pas autant d’on reiidro uiio nnson 


:tr U le siijet d’une recherche curiouso, s’il est possible do saisir un point de p lysiqiie 
us«i delicat.” , , , , , . . , 

besides the gases already mentioned, Priestley had discoven^d hydroc i om*. aci pas, 
imnouifi, fluosilicic gas, sulphurous acid, and nitrous oxide. Ho had ‘ „ j 

>^0 of mercury in place of water for the pneumatic trough, fechoe e lat ly , _ 

hlorino. V^ta pointed out, in 1776, tho poculiarity of tno 
Jarsh(»s, in yielding carbonic acid when b\imt, and had made a compara ^ ^ 
ion of it and other inflammable gases, as regardetl ^ ^ 

OP their combustion. He also showed that a mixtiu-e ol atmosp le , ^ 

‘lable air could be exploded by the electric spark, and , iiifl immable air 

IVVprt of the phlogistic theory, to identify phWon with 

'btained by dissolving metals with dilute acids. Lavoi s i er 

'f any coamected interpretation of the facts -^ch had ^ ^hich 

^ given, in his OpusciUes, a comprehonsivo histor^td st^c c 

|»i(i been entertained with regard to aeriform substtm » , combustion of 

opward his own views with regard to combustion. ^ R . I ^ 
liamond, phosphorus, and organic substances, he slio y 
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atmospberic air was concerned in the process, and that fixed air was the only 
remaining after the combustion of organic substances when vital air was subatitml!! 
for atmospheric air. He showed that sulphuric acid contained vital air and sainh ^ 
tliat the production of a salt by the exposure of pyrites to the atmosphere, consishll 
in a simultaneous absorption of the same air by the sulphur and iron ; that nitric 
contained this air ; and that phosphorus was convertible into phosphoric acid by 
acid. In 1781, he published an approximate analysis of carbonic acid, and show id 
that it, in common with all other acids as he maintained, contained oxygen. Hj 
attempts, in 1782, to explain the precipitation of one meUl Iry another, as consistinD 
in a twinsfer of oxygen from one to the other, in opposition to Bergmann’s view, that it 
consisted in a transfer of phlo^ston, were loss successful than some of his othor 
investigations ; and just at this time his attention was directed to an objection urticd 
against his views, that they did not account for the evolution of hydrogen when metals 
were dissolved by dilute acids, nor explain whence they derived the oxygen, which lie 
inaintaimid it was nwessary they should combine with, to form oxides, before they 
could form salt s with the acids. ^ 


About the end of 1781, Cavendish commenced some experimonts, which “were made 
principally with a view to find out the cause of the diminut ion which common air is 
well known to suffer, by all the various ways in w'hieh it is phlogisticatcd, and to dis- 
cover what becomes of the air thus lost or condensed” (Phil. Trans., 1783, p. 119 ); 
“ Having now mcntioru*d the nnsuccessfiil attempts I made to find out wliat heconitfl 
of the air lost by plilogistication, I proceed to some experiments which serve really to 
explain the matter. In Dr. Priestley’s last volume of experiments, is related an cjsp ri- 
niont of Mr. Warltire’s, in which it is said, that on firing a mixture of common and 
inflammable air by electricity .... in glass vessels, the inside of the glass, tliou^h 
clean and dry before, immediately became dewy ; which confirmed an opinion ho hml 
long entertained, that common air deposits u-oislure by phlogistication” (ibid. p. 12G). 
In studying this fact, Cavendish met with a difficulty, consisting in the production of 
an acid in some instances; and the examination of the conditions under wliich this l^Hjk 
place delayed th(5 publication of his experiments until 1783; hut so early as the 
summer of 1781, ho had ascertained that, “when a mixture of inflammable and 
d('phlogisticated air is exploded in such proportions that the burnt (i.e. residual) air is 
not much phlogisticatcd, the condensed liquor contains a little acid, which is always uf 
the nitrous kind, whatever substance the dephlogisticatod air is procured from ; hut if 
the proportions be such that the burnt air is almost entirely phlogist.ioated, the con* 
densed liquor is not at all acid, but seems pure W'at<^r, without any addition wliat ever; 
and as, when they aro mixed in that proportion, very little air remains after the 
explosion, .almost the whole being condensed, it follow^s that almost the whole of the 
inflammable and dephlogisticatod air is converted into pure water.” The w'eight of the 
water so produced was also shown to bo equal to the joint weight of the two giisi .s. 
(’iavendish adds, “Last summer (1783), a friend of mine gave some account of these 
experiments to M. Lavoisier, as well as of the conclusion drawn from them, tliat (h- 
pldogisticated air is only water deprived of its plilogiston.” 

These experiments, which famished eridence of the compound nature of water— the 
only point that was wanting to render Lavoisier’s theory complete, and to overtlirow 
the pldogistic theory — were interpreted by Cavendish in perfect accordance with oklor 
views, to which he uniformly adiiered. The water obtained by exploding a mixture 
of inflammable and dejihlogisticated air, was never regarded by liim as the to- 
suit of a chemical combination of two distinct substances, but, strictly in aeconb 
ance with the spirit of the phlogistic theory, merely as being the result of a mutual 
and compensating alteration of the two kinds of air, both of which he supposed to 
be, at the same time, equally air and also equally water, the difference between tho 
two kinds of air, and between either of them and water, consisting solely in their con- 
dition wdth regard to the unknown principle, phlogiston. His own language in referenee 
to this point is so ehmr and explicit, that it is remarkable this fact should have lieen 
entirely overlooked in the long controversy which has been maintained as to the dis- 
cfevery of the compound nature of water, or the originator of the view that water is a 
compound of the two gases. 

It is somewhat questionable what was the exact nature of Cavendish’s views with 
regard to phlogiston ; bo far as may he inferred from his writings, he appears to h^e 
regarded it as imponderable. Certainly he did not, as has been frequently asserte^ 
regard hydrogen as phlogiston ; and, though he mentions that opinion, as put forward 
by Kirwan and Priestley, ho expressly states his dissent from it. With reprd to hi* 
view of the nature of dephlogisticatod and inflammable air, however, there is no ro^ 
for doubt or uncertainty: — “dephlogisticatod air is only water deprived of its phlo- 
giston,” and inflammable air “is cither phlogisticated water or else pure phlogiston, 
but in all probability the fonner” (Phil. Trans. 1784, p. 140). Again, after disciuis* 
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. the probable aoupce of the ^id produced in some of his experiments, he says 
1 !>V 0 niust allow that dephlogisticated air is, in reality, nothing but dephlogisti- 
-ated water, or water deprived of its phlc^iston ; or, in other words, that water con- 
Srs of dephlogisticated air united to phlogiston ; a^d that inflammable air is either 
^ plilogiston ... or else water united to phlogiston, since, according to this sup- 
Lition, these two substances united Jogether form pure water.” account of the 

•itare of phlogistication of pure air renders his opinion still more clear: “adding 
Llilogisticated air to a body is equivalent to depriving it of phlogiston, and adding 
ater to it." “ In the detonation of nitre with inflammable substances, the acid unites 
phlogiston and forms phlogisticated air" (nitrogen); but in the production of nitric 
a mixture of oxygen and nitrogen, “the reverse of this process was carried 
CM namely, the phlogisticated air united to the dephlogisticated air, which is equiva- 
Lnt to its being deprived of ite phlogiston, and was reduced to nitrous acid" (Phil. 
Inins. 1785, p. 380), As illuetrative of tliis process he mentions the oxidation of 
nicrcury in his first paper, and, even in 1785, the formation of nitric acid. He had 
formerly come to tho conclusion that phlogisticated air (nitrogen) was “ notliing else 
th:in nitrous acid united to phlogiston. According to this conclusion, phlogisticated 
air ought to be reduced to nitrous acid by being deprived of its phlogiston. But as 
diphlo'-isticated air is only water deprived of its phlogiston, . . . therefore phlogisti- 
eatiid { 111 * ought also to be reduced to nitrous acid by being made to unite to, or form 
ft chemical combination with, dephlogisticated air, only the acid formed this way will 
1)0 more dilute than if the phlogisticated air was simply deprived of its phlogiston " 
[Pliil. Trans. 1785, p. 379). This assumed dilution of the acid shows that he considi red 
water to be produced by tho transfer of phlogiston from nitrogen to oxygen, as well 
Bs by t he transfer of phlogiston from hydrogen to oxygen, just as he considered it to be 
produced also, by the transfer of phlogiston from mercury to oxygen, and to remain 
as a constituent of the oxide of mercury. 

The argument that Cavendish regarded water as a compound, rests solely upon the 
assumption that he considered inflammable air to bo phlogiston, an assumption not 
only quite gratuitous, but directly opposed to his own statements as to this point. 
“1 know of no experiment," he says, “which shows inflammable air to be pure phlo- 
giston, rather than a union of it with water, unless it be Dr. Priestley’s experiment of 
tipolling inflammable air from iron by heat alone;" and, he adds, it is “more likely 
that tho inflammable air was formed by the union of the phlogiston of tho iron filings 
with tho water dispersed among them" (Phil. Trans. 1784, p. 137). I'iVen the fa(*t 
that the water, produced by exploding a mixture of inflammable and dephlogisticated 
{lir, was equal to the joint weight of the two gases, was not interpreted hy Cavendish 
as indicating the formation of a compound, according to present ideas, but merely as 
showing that both kinds of air were, as he expresses it, “ turned into w'liter. 4 he 
cluinge, in his estimation, was of much such a nature as that in th(^ production of water 
hy mixing ice and steam; or in the contact of a negatively electric body with another 
positively electric. He even expressed his dissent from Lavoisier’s view oi the 
fiiLt, wliile admitting that it could be as well expressed according to that view, as 
according to the phlogistic theory ; and he speaks ot Lavoisier s view as an hypo- 
thesis,” according to which “ we must suppose that water consists of inflammable air 
united to dephlogisticated air." The difference between Cavendish’s real view and 
this expression of Lavoisier’s, will appear trivial or nothing if they are consideml 
in tho manner which has now become habitual; but the fact that Cayunai si 
took the pains to refer to the diflforence between his view and that of Lavoisier, is su i- 
cif*nt proof that, in his own estimation, the difference was not »l^ht ; and it tiio 
tendencies and spirit of the phlogistic theory are fairly considered, it will be ovi cn 

even now that it was no slight difference. , . , i • -i „ . 

It is only to the disregard of tho point of view from which this and similar plien^ 
niena were considered, according to the phlogistic theory, that the spurious ar^m i • 
and signal misconception, characteristic of much of the water con loycrsy, 
-eribed^misconception ’so great, that the late Hr. W Ison, in 
asserted it to be “undeniable" that Cavendish considered 

laincd hydrogen! “Inconceivable" would bo a more correct erm . . . 

notion that any such opinion was ever thought of by Cavendish, an 
with that high^estimafion of his philosophical character ^iich 
generally entertained, and which rests on so solid a x £■_ thc^attempt 

disregai of the phlo^stic point of view, that it is 

to claim for Cavendisn any further share in the ? _ . . nroduct of the 

tlun that of having been first to recognise the tact tha i to this having 

explosion of oxygen and hydrogen in certain tje any disput^ 

been done by Cavendish it seems hardly possible that , , anything 

It is equally Impossible to perceive any ground for the asserUon that he did anytuing 
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more than supply the evidence of the composition of water, without, however, fom* 
any conception of its compound nature, or, in other words, adopting the true inter 
tation of nis experimental results. If the mere recognition of the feet that hydro^*^ 
and oxygen yielded water by explosion, be held to constitute the discovery of its 
position, both Warltire and Priestley should be allowed to participate in the credit 
having made it, .and, to some extent also, Macquer and De la Mothdrie, who, in 1775 
had observed that water was the product of combustion of inflammable air. ’ But th ’ 
view that water was a compound, was incompatible with the system of chemical pKiio! 
Bophy then prevailing, „and was, in fact, the means of subverting it. The credit of 
having flrst given the true interpretation of the facts observed by Cavendish, is cer- 
tainly due to Lavoisier ; and to that extent he may be regarded as the discoverer of 
the composition of water, inasmuch as tlio advancement of chemical science, at tliat 
time, and in this case especially, consisted more essentially in the correct interpretation 
of known facts, than in the observation of new facts. 

It would be improper not to mention here the claim wliich has boon mado fop 
James Watt, as having been the discoverer of the composition of water, a claim 
which appears to involve a disregard of what really constitutes a title to be considero^l 
as a discoverer. Watt certainly was the first to put forward, in 1783, the opinion t,h;it 
water was a compound of inflammable and dephlogisticated air ; but that opinion was 
merely an hypothesis, based upon data fiirnished to him by Priestley, and unsupported 
by any experimental observation of his own. In fact, he never appears to have laid 
claim to anything more than having put forward this view as a speculation; and 
though, for a time, he believed he had been unfairly treated, his only complaint was 
that his “ideas” had been pirated, and that no mention had been made of Ids 
“ theory,” either by Cavendish or Lavoisier, to whom it had been communicated. 

The communication of Cavendish’s results to Lavoisier, by Blagden in 1783, appears 
to have been received by him with doubt as to their accuracy. The combustion of 
inflammable air had already occupied his attention, about the end of 1781, under tlie 
belief that, like sulphur and pliospliorus, it would yield an acid. Iri his memoir on 
this subject, read in 1783, he says, “L’analogio m’avoit port 6 invinciblcmcnt a con- 
dure que la combustion do I’air inflammable devoit 6 galement produire un acide.” At 
the time of Blagden’s communication, however, the evolution of hydrogen when mebils 
were dissolved by dilute acids, and the reduction of metallic oxides by inflammal)le 
air, were inexplicable according to Lavoisier’s views ; and ho appears to have thought 
Cavendish’s experiment sufficiently important to repeat it. The result whieli he ol> 
tained, at once showed him that his preconceived opinion as to the combustion of inflam- 
mable air was wrong, and it furnished him with the key to the explanation of tho^o 
difficulties which were then being urged against the correctness of his views by Kirvaii 
and other supportcjrs of the phlogistic theory. He followed up the subject by docom- 
posing water, and contributed to establishing its quantitative composition. Berthollit 
and other chemists soon afterwards adopted his views; before the end of the 18th 
century the antiphlogistic theory was generally established ; and with its establishment, 
the chemical importance of gaseous substances was fully recognised. 

Since that time, the knowledge of the chemical and physical characters of gasns has 
been largely extended by the investigations of numerous chemists. The relations of 
volume obtaining in the combination of gases, first definitely pointed out txay- 
Lussac and Humboldt in 1805, and subsequently developed by the former in 1809, 
have bub recently been fully brought to bear upon the theory of chemical constitution, 
and, like the phenomena of diffusion investigated by Dalton and Graham, belong 
so entirely to the chemistry of the present time, that they will require to bo treated in 
separate articles. B. H. P. 

OAS BimirBllS ABB nmiTACBS. The forms of gas-burner used for 
illumination, are described in Ure^s Dictionary of Arta^ Manufacturea^ and Mines, art. 
CoAL-OAS, i. 733. In these burners, the main condition to be fulfilled is, to supply tlm 
flame with just so much air as to burn the whole of the hydrogen in the gas, and a 
sufficient quantity of the carbon to prevent the formation 01 visible smoke, but, at the 
same time, to separate a certain quantity of the carbon within the flame in the form ot 
minute solid particles, which, being rendered incandescent by the flame, impart to it 
a high degree of luminosity ; perfect combustion is not desirable, as all the pmdiicta 
would then be gaseous, and very little light would be emitted. (See Combustion, i. 11194, 
and Ph.AMB, ii. 654.) But when coal-gas is used as a source of heat, it is desirable to 
make the combustion as complete as possible, as this condition insures the production 
of a high temperature and the absence of smoke. This object is attained by nujong 
the combustible gas, before it reaches the burning points with the qutmtity of 
required to bum it completely. A simple and eflTective contrivance for this purpow 
to fix on the top of the chimney of an ordinary argand gaa-buraor a piece of 
gauze, then turn on the gas, and light it above the gauze. The gas then becomfl* 
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„awithl«rin pa8«ng up the chimney, and this mixture, when s.t on fire ahore 
Th, wire-gauze, bums with a pale blue, p^cctly smokeless flame. pioduciB* a 
intense heat, and woU adapted for heating basins, small crucibles, or other vessels If 
the wire-gauze 18 of the proper d^e of fineness, and fits closely on to the top of the 
chimney, the flame ^11 not extend to the mixture of air and gas below the wifo-gauae 
because in passing through the meshes, It. would be cooled below the burning tonincl 
niture, as miners safety-lamp (i. 1101). ^ ^ 

‘ J5at the form of gas-bnmer now most generally used in chemical laboratories as a 
gource of heat, is that contrived by Professor Bunsen, and represented in jin. 496.* 'J'Lo 
cas, supplied by a flexible tube attached at t, passes through a sot of .q * 

holes into the box a, in which it mixes with atmospheric 
air entering freely by a number of holes as shown in the tigure. 

The gaseous mixture passes up the tube A, and is inflamed at the 
top, where it burns with a single tall blue flame, which gives no 
snioke and very little light, but much heat. The flame may be 
niinle largo or small at pleasure by regulating the supply of gas ; 
bikI by arranging two or more such tubes, together with an air- 
box containing a sufficient number of holes, a very powerful burner 
may be constructed. 

this form of burner is, however, subject to two defects; sonio- 
tinifs ilio flamo burns wliito and smoky, and som(‘tiines it blows 
down, the gaseous mixture exploding, and the gas then burning with 

a smoky flame in the air-box a. The remedies for these defects am as follows : If the 

flame is white only when the gas is turned on very full, the remedy is to lessen the 
suj'ply of gas ; but if the flame continue.^ to burn white at the top, when the gas 
is gradually turned off and the mass of flame slowly sinks, them the hole.s which 
dfliv('r the gas from the supply pipe into tho air-box are too large, and are placed too 
directly under the centre of the vertical tube h : those defects must, Ix^ corrected in the 
in‘'truniont. Finally, when ilio flame blows down, it is because the supply of atnio- 
Fplieric air is too large in proportion to the supply of gas, and their relative pro- 
}M:»rtions must be altered. To effect this alteration, Mr. Griffin (to whose kindness 
thp editor is ind(d>ted for the following descriptions of gas burners and furmun's) 
places over the air-box a a thin brass cup, c, perfortitod with holes, and capable of 
turning round so as partially to close tlie holes, and thus lesson the supply of air. If, 
wlmn the gas is alight, the flame needs to be lowered, lirst the supply of air is to be 
If'ssened, then the supj)ly of gas. If the flamo is to be onhiiged, firat the supply of gas 
must be increased, and then tlie supply of air. In short, to prevent the flamo blowing 
il'mm, tho gas must always be flrst placed in excess, and then have tho proper quantity 
cif iiir adjusted to suit it, by means of the regulator c. 

To produce a sp^reading flame, and render the burner better adapted for heating an 
pvnporating basin, Mr. Grifiin phices over tho mouth 
of tlie vertical tube b {fig, 496), a flat cast-iron box, 
d, with many holes round its margin, and a few small 
omvs on the top. The flame thus produced consists of a 
f'pries of radiating jets, forming a horizontal circular 
flami?. Fig. 497 represents a variety of this rose burner 
in which tho head is not removable, but the effiux of 
tlie mixed gases is regulated by a sliding valve b. 

the slide is pushed over the central hole, the 
hurncT gives a number of small flames in a circle suit- 
Jihlo for boiling and evaporation; when it is pushed 
aside, the burner gives a single tall flame adapted for 
ignition and fusion. 

Gas Furnaoesa The power of tho burner just 
duseribed, and, indeed, of every kind of gas-burner, 
bo^ greatly increased by surrounding the flame 
^'fh a jacket of fire-clay, or some other substance of 
conducting power, which will prevent the dissi’ 
pation of the heat by radiation. In this manner gas fur- 
naces may be constructed capable of producing very higli temperatures with hut a small 
expenditure of gas. 

498 represents a giis furnace arranged for boiling and evaporation. « is the 
burner, like that represented in Jig. 496 : it is 12 inches high, the bore of the tube 
dk I inch, and the diameter of the fire-box c is 4 inches : 6 is an iron stool 

c, a furnace-body, or iron jacket, lined with plumbago or fire-cluy. Fig. i 
fmows the jacket and lining in section, and marks tho position of the fire-box, c, <>f 
S^-hurner. This furnace is 14 inches high and 9 inches in diameter. The tiirce 


Fig. 497. 
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brackets fixed ou the upper part of the jacket sen*e to support t^o vessel contM* * 
the liquid to be boiled or evaporated. A porcelain basin Id or 18 inches in dianiet!^ 


can bo thus Supported, It is important to allow, between the jacket o and the 

rating basin, plenty of space 


Fig. 408. 


rating unsiii, pieniy or space for Ji:.. 
Fig. 499. escape of the heated air which aswi 

ftw\rr» fVir. irtfa-ri/x-n 4.V.ys. XL -0(18 




Fig» 500, 


from the interior of the fiimace. Wh ** 
the evaporating basin is of small di? 
meter it may U supixurted on triangU 
placed within the furnace c, Bound the 
vertical tube of the gas-burner a, there 
is in the bottom of the furnace c (fin 
499) a circular opening 2 inches in & 
meter, through which the air passes 
freely, partly to feed the flame and partly to bo heutcd 
by the flame, and directed upwards in a continuous cur- 
rent upon the lower surface of the basin that is to lie 
heated. The flame within the furnace burns steadily. 
No side currents of air agitate it. No part of it toueht s 
or must be permitted to touch, the basin, which sliould 
receive its heat solely from the mass of ascending liot uir. 
The gas-bumcr thus arranged, and supplied by a gas-])ipo 
of \ inch bore, burns about 33 cubic feet of gas in an hour 
and the flame which it produces, acting upon water contained in an open porcelain 
evaporating basin, will heat from 60° to 212° F. : 

1 quart in 5 minutes | 1 gallon in 16 minutes | 2 gallons in 30 minutes 

Wlien the water boils, it is driven off in steam at the rate of more than a gallon of 
water per hour. 

By increasing the draught and confining the heat still more, the same gas burner 
may be made to give heat enough for the fusion of 
silicates with carbonate of soda. Fig, 600 represents a 
gas furnace contrived by Mr. Griffin for this purpose, a 
18 the gas-burner ; 5, a tall iron stool ; e, a chimney which 
collects atmospheric air to feed the flame, and leads it up 
close to the vertical tube of the gas-burner, by which 
contrivance the air is warmed and the tube cooled ; d is 
a sole or plate of fire-clay ; Hs a cylinder of fire-clay, 
4 inches high, and 4^ inches diameter ; X; is a plum- 
bago or fire-clay furnace, in which is placed a small 
cast iron ring, the form of which is shown in fig. 601, 
and on this ring the platinum crucible is adjusted ; I is 
a fire-clay or plumbago reverhoratory 
Fig, 601. dome ; and g is the chimney, 24 inches 
long and 3 J inches wide. 'J he crucible 
being adjusted, the gas lighted, and tho 
dome and chimney put on, the lapse of 
12 or 16 minutes, according to the qua- 
lity and pressure of the gas, suffices for 
the fusion of 1000 grains of carbonate of 
soda in a platinum crucible.* 

The crucible is placed very high above the orifice of 
the tube a at which the gas is inflamed. The distance 
is, in fact, about 10 inches, the point of maximum heat 
in the flame being at nearly that distance from the 
burner, more or less according to the pressure and the 
quality of the gas. The gas which rises from the 
burner u, though mixed with as much air as it will 
bear without becoming explosive when lighted, does 
not contain sufficient oxygen to bum fdl the carbon 
present in it. The flame produced is, consequently, 
quite superficial; The gaseous mixture burns only on 
the surface, where it is in contact with fresh atmospnerio 
air, and it requires time to take up the requisite amount 
of oxygen. The draught produced by the joint action 

carbonate of soda li permitted to cool and consolidate In a plallnum 

crucible, the salt is liable 10 espand and burst the crucible. 




Fig. 602. 
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AVlien the highwt degree of heat la not r^uired, the reverberatory doinc I may be 
omitted. It m^t ^ bo dispensed with when the crucible to be halted is of onmnw 
r^tivcly laige suse, b^use it la then liable to lower the temperature of the funm ce b v 
impeding the draught. ^ 

fig. 602 shows a form of the furnaoe adapW for igniting a large fire-cky erneil.k 
as when oxide of copper is to bo dried for use m organic analysis. The criicibla m w/ 
closed within a reverberatory dome /. The chim- ® 

m y is prondod with a damper to lessen the drauglit 
when small crucibles are to be heated. 

The action of these furnaces may be judged of 
by a peculiar roaring noiso wliich they produce. If 
ihe gas and air are mixed in due proportions, the 
roar is regular and continuous. If (.here is U>o much 
gH-s the roar is lessoned ; if too mucii air, the roar is * 
incre^xsed, but is rendered irregular and intermittent. 

Tlio groator the noise, tlio greater the heat in the 
furnace; but when the roar becomes spasmodic, 
tho flame is on the point of blowing down. To 
prevent that occurrence, the proportion of air must 
be lessened or that of gas increased. 

The effects ascribed to the various arrangements 
of this gas-furnaco, can be produced with gas sup* 

plied by a pipe of a J-inch bore, and at a moderate pressure, giving from 30 to 40 cubic 
feet per hour. 

The principles of heating by gas, which have KmI to the construction of this furnace 
may bo summed up as follows :-~When a crucible or other solid body is to bo heated’ 
it IS to l>e wrapped m a smgle flame at the point of maximum heat, and lo.^is of lu‘at 
by radiation and conduct ion is to bo prevented by the interjio.^ition of non-eondiictinc 
materials (plumbago or fire-clay); and wlicn liquids are lo he Ixiilcd or ova ponded 
particularly when they are conlaiiied in vessias of glass or ixnvchiin, tin* tlauK'istobe 
hi’oken up into numerous horizontal jets, and these are to )>e mad(5 to sujjply a iMrue 
and regular current of highly healed air, by which alone, and not l»v i Ik* diiv’ot appli- 
cation of the flame, the vessel conlmning the liquid is to bo heated. In both easi's, 
pmviftiou must be made t-o secure a sufficient draught of air tlirongli the tiirnuee! 
hi'iMuse every cubic foot of gas requires for combustion 10 or 12 enl.ie feet of air, and 
the gases which have done their duty must be rapidly carried away fi*om t In^ foeus of 
h<»at. If the stoain, tho carbonic acid gas, and the free nitrogen, which constituto tln^ 
used-up gases, are not promptly expelled, fresh gaseous mixture, in the act of pro- 
ducing additional heat by combuHtion, cannot get near the object that is to bo lioaliil, 
and the heat so produced out of place is wasted. 

Orlffln*0 Blast Oaa Fnraace. This is a more pow'erful apparatus adapted for 
lUetallurgic operations, such as fusing considprablo masses of nieial, assaying, roa.stiug, 
&e. It consists of two parts: first, of a particular form of gas-bnrner, wliieh is 
BUj^lied with gas at the usual pressure, and with a bla.st of common air, supplied by 
Indlows or a blowing machine, at about ten times the pn-ssure at which thi> gas is 
supplied; and secondly, of a furnace, which is built uj) in a particular mainn;r, round 
the flame produced /by tlie gas-burner, and the crucible exposed to ignihon. Tim 
object of this particudaU: construction is to accumulate and concentrate in a focus the 
heat produced by the gas flame, and to make it expend its ent ire ]>owcr upon any 
object placed in that focus. This apparatus can 
be made of various sizes, accoraing to tho 


amount of work rejiuired from it. 

The ^as^burner is a cylindrical iron reservoir, 
shown m section in Jh. 603, which is drawn on 
a scale of one- third me full size. It contains 
two chambers, not in communication with one 
another. Into the upper chamber, gas is al- 
lowed to pass by the tube marked oas. Into 
the lower chamber, air is forced by the tube 
laarked ajb. The upper part of the, burner is 
fta inch thick in the metal. Through this solid 
jooff holes from 6 to 26 in number are bored 
the escape of the gas. The number of 
Holes, depends, of course, upon the heating 
power required from the burners. The air jiasses 


Fig. 603. 



from the lower chamber, through 
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A feries of metal tnbos, placed in the centre of the gas-holes, and continued to the gur. 
&ce of the burner, so that the and air do not mix until both have left the ea.. 
burner, and then a current of air is >blown through the hiiddle of each jet of 
The bottom of the gas-burner is made to unscrew, and the division between the turo 
chambers, which carries the air-tubes, is easily removable for the purpose of beiuir 
cleaned. The gas and air pipes ^norally used in the inventor’s experiments were both 
half an inch in the bore, and ten inches long ; the gas had usually a pressure of half 
an inch of water, and the blast of air about ten times that pressure. The quantity of 
gas used in au hour was about 100 cubic feetl The stopcock which supplied it liad a 
bore of half an inch. Tlie round rod represented at the bottom of the burner, 503 
is intende<l to fit it to the support, shown by ft, in 605 and 606. ’ 

When the gas is lighted and the blast of air is put on, the flame produced by the 
gas-burner is quite blue, and free from smoke. It is two inches in diametcjr, and three 
inches liigh, and the }X)int of greatest heat is about two inches above the flat face of 
the gas-biumer. Above this steady blue flame there rises a flickering ragged flame 
several inches in height, varying with the pressure of the gas. In the blue flame, iliin 
platinum wires fuse readily. 

When tlie gas is burning in this manner, and the apparatus is attached to flexible 
tubes, the burner may be inverted or held sideways, without disturbing the force or 
regularity of the flame, so that the flame may be directed into a furnace at the bottom, 
the top, or the side, as circumstances may require. 

The following articles are used in building up the gas fiiruace for different experi- 
ments. They vary in size according to the volume of the crucible, or the weight of 
the metal to be heated. 

1. A circular plate of fire-clay, two inches thick, with a hole in the centre, exaclly fit- 
ting the upper part of the gas-burner, which is made to enter into the hole I hree-quarters 
of an inch. In external diameter, this clay plate agp(;es with each size of furnace. 

2. A cylinder of fire-clay, of which two pieces are requir(*d to constitute the l)o<ly of 
each furnace. In the middle of each cylinder, a trial-hole is made, one inch in dia* 
meter, to which a fire-clay stopper is adapted. 

3. A fire-clay cylinder, closed at one end, and pierced near the open end with six 
holes of half an inch in diaraoter. The thiekin^ss of the clay is immaterial This cy- 
linder is three inches high and three inches in diameter. 

4. A circular plate of fire-clay, two and a half inches or throe inches in diameter, 
and one inch thick. Similar pieces J inch thick ano useful. 

6. A cylinder of plumbago, to be used as a crucible support. It is t hree inches in 
inside diameter, one inch in height, and pierced with twelve holes of three-eight hs of an 
inch bore. 

6. A similar cylinder of plumbago, two or three inches high, pierced with 24 holes 
of three-eighths of an inch bore. 

7. A thin plate of plumbago, three inches in diameter, viz, of the same diameter as 
the cylinders 6 and 6. It has a small hole in the middle, and being of soft material, 
the hole can be easily cut or filed to suit crucibles of any desired size. 

To suit the larger kind of crucibles and furnaces, cylinders are made resembling the 
above in form, but of greater diameter. 

As in all cases the heating power of the gas furnace spreads laterally and does not 
rise vertically, the most advisable form of the crucibles required for use in it, is short 
and broady not tall and narrow, and the supporting cylinders must be shaped accord- 
ingly. No fire-bars or grates must bo used to support the crucibles in this gas furnace, 
because no material formed into narrow bars can sufficiently withstand its power of 
fusion and combustion. 

8. A plumbago cylinder, or cruciblo-jacket, two and a half inches high, two and a 
half inches in diameter, and a quarter of an inch thick in the walls. It has six holes 


of three-eighths of an inch diameter near one end. 

9. A circular cover or dome (fy, 604) flanged at the bottqjn, and having a knob or 
handle at the top. It is piercetl with 24 holes of a quarter of 
604, an inch in diameter, arranged in two rows near, the bottom. 

This dome, when of small size, is made of plumbago ; when 
large, of fire-clay. 

10. Plumb^o crucibles made with a solid overhanging rim, 
the use of whicn is to suspend the criieibles over the gas-burner, 
by means of the cylinders, Nos. 6 and 6. When the crucibles 
are too small to fit the cylinders, the fiat plate^ No, 7» is filed *<> 
fit the crucible, and is then plact^ on the i^linder^ to whos^ 
meter it is adapted* . . u 

Besides these pieces of fire-clay and plumbago, it is necessary to be provided with • 
Strong iron trip^ to sustain the furnace, as represented by c, in 606, fiOfij ^ 
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Fig. 605. 


iron which to place the fhrnace; and a quantity of gravel, or rounded flinty 

not less than half an inch, nor more than one indi in diameter. Those pebbles form 
3^ essential part of the gaa-furiiace. 

Qas-fumace heated at Ote top, exhibited in section hg Fig, 605.- a is the gas-burner, 
tfg. 603) ; b is the support for it, when used below the furnace; c is the iron tripod 
support for the furnace; d, d\ are two perforated 
plates, like No. 1, adapt^ to the gas-burner 
rt; r, e, are two clay cylinders, like No. 2. Those 
niecf« ato e, are similar in all the furnaces repro- 
gented hy and 606. 

The int-<;Tior of the furnace is built up as follows : 

.-The clay plate d, is put upon the tripod c. 

Over the central hole in d, the clay cylinder 
(No. 3) is placed, and upon that cylinder two or 
three of the clay plates (No. 4). Upon these a 
porcelain or platinum crucible is placed. If it i.s 
of platinum, a piece of platinum foil may be put 
between the crucible and the uppermost claj^ |)late, 
to protect, the crucible from contact with particles 
of iron, or ngaiiist fusion with the clay. The cru- 
cible is to bo covered by the plumbago jac-ket 
(No. 8), The space between tJiia pile in the centre 
of the furnace and the two cylinders e, e, which 
form the walls of thefuruaco, is to be filled with 
flint-stones, or gravel, washed clean and dried. The 
stones which answer best are rounded, water- worn 
pebbles, of lialf an inch to one inch diameter. These 
may be piled up to the top edge of the jacket 
(No. 8). The number of clay plates (No. 4) must 
ho such as to bring the top of the crucible, to the 
distance of two inches, or two and a lialf inches 
at tlie utmost, from the Hat face of the gas-burner a. 

In some cases, merely one of the furnace cylinders, 
c, i.s necosaaiy, in which case tlie crucible and its 
jacket is placed directly upon the cylinder (No. 3), 
and wheu only a moderate lieat is required, even 
flic packing with pebbles may bo dispensed witli. 

Another means of diminishing the heat is to in- 
crease the distance between the gas-burner and 
the crucible. 

Tho apjiaratus being thus arranged, the gas i.s to he turned on, and lighted ; the 
blowing-machine is to be put into action; and the nozzle of the gas-burner is to be 
depi’essed into the central hole of the clay plate cP, as shown in fig. 605. Tho whole 
force of the blue flame then strikes the crucible ; part of it forces its way through tho 
holes in tho jacket (No, 3), and part of it rises and iiasses over the upper edge of tho 
jacket; after which it forces its way downwards between tho pcdible.^. Tho carbonic 
acid gas and the vapoitr of water which result from the combustion of the gas, together 
with the nitrogen or the air, and any uncombined oxygen, accompany it. No space 
being left open for the escape of these gases at the upper end of the furnace, Ihey go 
downwards through the interstices among the pebbles, and passing throu^ the holes 
in the cylinder (No. 3), and through the central hole in the lower plate d, fig. 606, 
esca^)e finally into the dr. In this progress, tho hot gii.ses give up nearly all 
their heat to the flint-stones. Water and gases escape below at a very moderate 
temperature, water even running down in the liquid state, while the stones rapid y 
aw^uire a white heat^ and if the blast and the supply of gas is continued, they retain 
that white heat for any desired length of time — for hours. j . ..u j 

. At. the end of ten minutes after lighHng the gas, the crucible, placed in the deBOTb«^ 
circumstances, and exposed to the full action of the heat of the gss, and surroun , J 
substances which axe bad conductors of heat, is rais^, with 
around it, to a white heat. The consequence is, that the full power of tho gas j t i 
then exerted upon the crucible and its contents. , . .. . 

^ If it is desirS to inspect the substance subjected to too artion ^ 
the gas-burner is liftedwt, and the crucible is examined ^ 

plate. To make it possible to inspect substances at a white heat, the tow ia token 
ftwugh a S o/^k cobalt-b^ glass. If the substances submitted to h^ 

*>iffer no harm from the action of oxygen, it is better ^ heated. Tho 

eover, and throw the jet flame directly down upon the substance to be hesteo. me 

3n a 
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aetion is then more rapid. ^ Wl»n is takdh but^ the ftuhstance in th 

nmeible can be stirred, if it is coitfidbred necessary. 

, ^ The following exporiment will giVe^ idea of the pofer of a furnace of this descrl 
tion. A common clay crucible, tbibe inches high and thiwe inches diameter at ih 
mout^ WM filled with about twenty-four ounces of cast iron. It was mounted lik^ 
fy. 605, in a furnace of four inches internal diameter, and eight inches deep. Ti ^ 
pebbles wew filled in to the edge of the crucible. No crucible cover arid^o iackot 
were used. The fiame was thrown directly upon the iron. In a short time the iron 
melted ; the oxy^n then converted some of the east iron into magnetic oxide of iron 
which formed a thin, infusible mass on the surface of the cast iron. At twenty niinutca 
from the lighting of the gas, the furnace was dismounted. The crucible was taken out 
A hole was broken by an iron rod in the inftisible surface of oxidised iron, and the 
fhsod cast iron below it was decanted into a mould, and made a clear casting weiffhin<» 
twenty ounces. ^ ^ ^ 

In the, same small furnace 32 ounces of copper can be fused in fifteen minutes 
Vi^en the furnace is hot, that quantity of copper or cast iron can bo fused in teii 
minutes. 

In a furnace of the same dimensions, but with a gas-burner having only six, instead 
of sixteen jets, 16 ounces of copper or of cast iron can be completely fused, in ten 
minutes if the furnace is cold, and in seven minutes if the furnace is hot. 


These experiments show that within twenty minutes a heat is producible in this 
fbrnace, which is more than sufficient for the decomposition of silicates by fusion with 
the carbonates of potash, soda, or baryta. 

Gas-^fumace heated at the bottom^ exhibited in section by juj. 506. — In this furnaoe 
the parts marked a, 5, c, d^ e, e, are the same as those simiiarly marked in Jig. 605 ; 


Fig, 606. 


but the gas-burner is in this aise put into tlje‘ bottom 
of the furnace, instead of the lop, and t he arran^^c- 
ment of the crucible and its support is altered in the 
manner shown by the figure. Upon the ccnti-e of 
tlioclay plate of, the perforated plumbago cylinder and 
cover (Nos. 5 and 6) are placed ; and upon them a 
flanged plumbago crucible. The si^e of the crueiMe, 
and the height of the perforated cylinder, are to he 
so adjusted that the bottom of the crucible shall ho 
struck by the hottest part of the gas flame ; that 
is tG say, the space left betwijon the face of the gas- 
burner and the bottom of the crucible must not ex- 
ceed inches. The crucible is provided with a 
closely fitting cover, and pebbles are then filled in 
between the ciaicible jacket and the furnace eyfla* 
dor c, and are covered over the crucible until both 
tlio pieces of tlie furnace r, e, are filled. The gas 
is then lighted, the blast of air is set on, the gas- 
burner is forced up into the hole in the clay plate d, 
and the operation proceeds. In from ten to twenty 
minutes after the gas is lighted — this difference of 
time depending upon the size of the fiirnac© and tlie 
weight of the metal contained in th© crucible — th« 
interior of the lower cylinder e acquires a white heat. 
The progress of the operation can be watched by 
occasionally removing the stone peg in the trial hole 
the furnace cylinder e. The heat very slowly ascends into the upper cylinder, and 
it never becomes so great in the upper as in the lower cylinder. The greatest fusing 
power of the furnace is confined within a vertical space of about six inriies, reckoning 
from the bottoim The power of flint pebbles to abstract heat from the gases which 
pass through this apparatus is quit© remarkable. When about six inches of pebbles 
lie above the crucible, and the crucible and the pebbles about it have been white-hot 
for half an hour, the hand can be hold over the top of the furnace, within a few inches 
of the ^bbles, without inconvenience. It becomes wetted with the vapour which rises 
from the furnace, but feels only a moderate degree of heat. 

This form of furnace is attended with the inconvenience that the cemdition of the 
* matter contained in the crucible cauuot be examined, so as to ascertain when the heat 
has been continued long enough. In cases where the fusion is performed repeatedly 
the sme weight of metal, this would be of no importance, because the power of the 
fbmace is so ste^y and regular, that the time of firing which has been found to an- 
swer once will answer the same purpose again. 

When it is supposed that the msiv/u of toe metal submitted trial is oomj^etedt the 
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rofl is first to bo turned oflt and then the eujpply of air stopped. The fUmaoe may 
^er be allowed to remain intaot till it is cold, or it may be lifted off the cylindere 
i with tongs, and the ho| ^nes allowed to fall into the iron pan placed below the 
piirnaee to receive them* A few bricks should be laid between the pan and the table 
stool on which it rests, if the latter is made of wood; because the heat given off by 
die pebble* is very great The pebbles being raked away from the crucible, the con- 
ents of can be examined. 

]yir. Grilfln has also contrived forms of the gas-furnace provided with a lifting appa* 
ratiis 'to afford access to the crucible during the progress of the operation. For figures 
nd descriptions of these, see Griffin's Chemical Recreations^ 10th edition; also 
%fMs Scientifio Circular ^ December 1859. 

^re's This furnace, invented by Mr. G. Gore, of Birmingham 

fwho has kindly communic^^.ted the description), is simikr in principle to the 
krnace represented in figure 600, and is adapted for heating small crucibles 

to liich temperatures. , . , 

A tfiq. 507) is a cylinder of fire-clay about 9 inches high and 6 inches diameter, 
open at both ends, and with a hole in its side near the bottom to lead into the chimney ; 
it IS covered by a movable plate of fire-claj^ n, with 
a hole in its centre for introduction of the crucible or 
of substances to be molftjd : this hole is closed by a 
perforated plug of fire-clay, o, for access to the con- 
tents of the crucible; and that again is closed by 
another stopper of clay. D. B is a chimney of sheet 
iron alxmt 5 or 6 feet high, kept upright by a ring 
of iron, F, attached to the top of the furnace. 

The fireclay cylinder is enclosed in a sheet iron 
casing with a bottom of iron, to which are fixed 
three iron legs, G. An iron tube, h, with a prolong- 
ation, r, supports, by means of the screw, tlie 
l.iuner x and its tube l, which is open at both ends. 

(ins is supplied to the burner by means of the tap m, 
which has a small index N, attached to it for assist- 
ance in adjusting the gas. 

Inside tlie larger cylinder is another fire-clay cy- 
lindor or cupola, o, with open ends, and with three 
nrojeetions of fire-clay, p, for supporting the crucible q; 
it is kept steady by means of three clay marbles, ii. 

The gas-burner is a thin metal cylinder deeply cor- 
rugated at its upper end, with the corrugations di- 
niiiiishing to nothing at its lower end. 

The action of this furnace is as follows :--Gas is 
admitted to the open tube li by the tap m ; it there 
mixes with air to form a nearly explosive mixture, 
which ascends through the burner and burns in the 
clay cylinder, o, being supplied with the remainder 
of air necessary to complete combustion through the 
tube H, to the outer surface of the flame by means of the spaces between tho corruga- 
tions, The flame and products of combustion pass up through the cylinder o, ana 
then downwards outside it to the chimney, the point of greatest 
is important in using this ftirnace tliat the hnmer ho placed qmte in 
bottom of the tube o ; also that a crucible of not too large nor too sm^ **"^2 it in a 
selected. The most suitable way of supporting a smaller crumble is “y V > 

larger one that has had its upper parts broken off. If tetween 

may be placed round the top edge of the iron casing ^ bottom of the 

it and the cylinder; also a little thin day luting upon the part of the bottom ot t 

furnace where the inner cylinder rests. ^ , , , , within tho 

In lighting the furnace, the plugs o and n are removed, a K fioftom of the 
opening, and the gas turned on full ; should the flame ig already hot), 

tube L on lighting (which, however, rarely occurs unless the fj«M^ 
the gas must be turned off and tho bottom end oft burner but only b^ at 

the gas as before. Should the flame not burn doTm to t _ *lHffhted. otherwise 
the orifice in the clay plate- b, it must at once be extinguis , subseouentlv 

some of the gasLs mixture will pass into the chi^ey and 

i^ito and efuse an explosion. aW flame 

white if too mu<di gas is on, and violet or red wfth th in the course 

generally diminishes and nearly disappears into the body ® , inserted, which 

0^ one minute ; whetl^ it does or not. the annular plug c should now be mserted. wnica 
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will compel it to pass downwaids to tlie ^znnejr ; iitid aii oooo'aa t&e vUiall remainiiuv 
flame disappears or nearly disappem^ aa it will in a few seconds^ the small stopper n 
should also be inserted ; instead QP the laise flateplipiy be deflected againsUha 
chimney by means of a shoot or |nece of sheet iillw tietil it withdraws inwards * 

the plugs oafldn may then be wnserted, and the^^s-tap p^ly adjusted. The 
crucible may be placea in the fuiiiace either before or some time after the act of 
lighting, bnt not immediately after (if the furnace is cold), or, explosions may occur by 
miburi^ gaseous mixture passing the cmdUainto the chimney and igniting afterwards 

(After about five minutes, the gas should bd ^adjusted until a sound is heard inside 
like a series of small explosions. This sound is sometimes not very distinct, espe- 
cially at high temperatures, and therefore requires a little exjierience in the use of the 
fhrnace in order to be detected; it is, however, a chief ^de in determining the proper 
amount of gas, and should therefore be carefully studied. To assist in adjusting the 
gas, it will be found very useftil to place a small piece of looking-glass beneath the 
tube L, and to adjust the g^-tap until the flame between the burner and the crucible 
appears wholly violet or slightly white; but this test is liable to fallacy if employetl 
when the gas is just lighted, because the coldness of the parts makes the flamo much 
whiter than it otherwise would be ; it is also fallacious when the flame is very hot, the 
flame appearing whiter than it really is ; it is, however, of great assistance at inter- 
mediate temperatures. A rough deposit of carbon upon the outer edge of the crucible 
indicates an excess of gas. 

Less gas is required with a crucible in the furnace than without one ; also less is 
necessary when the small hole at the top of the furnace is open than when it is closed ; 
and less is also required when the furnace is cold than after it has been lighted some 
time, because the draught gradually increases and draws in more air. Aftt^r having 
accurately adjusted the gas, no further attention to the fiumace is requisite. 

Having once found the proper adjustment of gas under certain known circumstances, 
it is well to notice the position of the index n, in order to be able at once to adjust it 
to the right point on other occasions. The g^is should be supplied by a pipe of not 
less than fths of an inch boro, with a main pipe of half an inch ; but all depends upon 
the pressure of gas at the particular locality, which is very variable. The consumption 
of gas varies from 30 to 40 cubic feet per hour. 

The top of the chimney should bo placed in a position where tho products of com- 
bustion can pass freely away ; if it is placed in an opening or pi]>e leading to another 
chimney, care must be taken not to have the draught too powerful, otherwise the heat 
will be drawn more into the chimney, and the supply of gas in the daytime may bo 
found rather deficient. The furnace will act satisfactorily, though less powerfully, 
with the chimney standing in an open room, without any special outlet for the products 
of combustion, provided the full height (6 feet) of chimney is employed ; under other 
circumstances a chimney 41 or 5 feet in heiglit may be used. 

This furnace will readily melt half a pound of copper, or six ounces of oust iron. 
It requires from 20 to 30 minutes to acquire its highest temperature ; and thn the 
entrance 'part of the chimney eahibits a faint red heat in daylight ; if it exhibits much 
more than this, the draught is too powerful. 

When the small hole n is open, some air is drawn in that way, and less air passes 
up with the gas through the tube o; but this cold air does not much diminish the tem- 
perature of the crucible, because it combines with tho excess of gas now passing over the 
edge of the inner (ylinder ; it however renders the flamo round the crucible white by 
deficiency of air, and this should be partly corrected by lessening the amount of gas. 
An excess either of air or gas renders the surface of melted copper dull. 

When it is desirable to avoid entirely the contact of air with the fused substance 
during manipulation, a thin and narrow ring of fireclay should be placed upon the top of 
the tube o, to contract its opening; the flame then completely moses over the top of 
the crucible and prevents access of air. A proper adjustment of gas, together with 
exclusion of air m this manner, enables a perfectly bright surface of melted copper, 
or even tin, to be continuously maintained, nrom which the images of tlie parts above 
are clearly reflected. The clay ring may be withdrawn by lifting the plate b. A less 
perfect exclusion of air may be obtained by employing a narrow crucible placed rather 
low down in its support A small iron dish should be placed beneath we tube l, to 
receive any melted substance that may fall. 

For descriptionB of gas-furnaces for organic analy8u^ see vol. i. p. 229. 

MMUI, ABflM^mVZOV OV, BT X^ndS Axra BOUlMh AUsohdasd 
liquid subtances absorb, or condense in tbeir pores, or on their surfaceSi certain deflint*^ 
quantities of every gaseous bodj with which they are placed in contact. The amount 
of gim thus absorb^ depends, in the first place, on the properties» ^th chemical and 
physical, of the bodies brought together, an^ secondly, on the tempenitttro andpresa^ 
undos which the absorption occurs. ’11* 
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Afl a generd rule sohda abrorb lew gas than the same rolume of liquid bodies ; and 
D the case of solids, th<we of which a given weight contains the largest surface or 
,hicli are m^t poro^ take^^r^e largest qnandl^ of gas. We are as yet altogether 
inacquaintcd with the law ^i^hm regulates the aflnoimt of gas absorbed by any solid or 
iquid substance under any condition whatever; any knowledge which wa possess con- 
wming the absorptive ^wers of bodies for gases mnst therefore be entirely empiricaL 
The volume of a gas which, under certain fixed conditions of temperature and pressure. 
B absorbed by the unit-volume of any solid or liquid, is a fixed and definite c^uantitn 
indis called the ‘'Coefficient of Absorption** of the body for that particular gi^ 
These coefficiente of absorption have been determined with accuracy for various liquid 
ind gaseous bodies, and certain relations exiting between the volume of gas and^ the 
^mperature and pressure under which it is absorbed have been satisfactorily esta- 
jlished. In the case of solid bodies, on the other hand, the coefficients of absorption 
ire not capable of such easy and accurate determination, pj^tly owing to the impossi- 
of obtaining the solid matter always under like conditions as regards its state of 
iggregation, and partly .because the amount of gas absorbed by solid bodies is in gene- 
«iil extremely smidL 

1 . Absorption of Gases by Liquids , — Gases are absorbed by liquids under 
;fl'o distinct sets of laws, according as the gas enters into chemical combination with 
lie liquid or not. Absorptions of the one class are simple chemical combinations, in 
^rhich the ^ is absorbed in fixed proportions, regulated by the known laws of 
jliemical action, independent of alterations of pressure or temperature ; examples of 
liis ohuss of phenomena are found in the absorption of carbonic acid or clilorine gas by 
\ solution of caustic sod^ or that of chlorine or hydrochloric acid gas by alcohol. The 
(ocond class of absorptions includes the cases in which tlio absorbed gas does not 
uter into any definite chemical combination with the absorbing liquid, and its amount 
Is variable with the temperature and pressure under which the satimilion occurs, 
riie one class wo may term chemical, the other physical absorptions. Of the pheno- 


nona of chemical absorptions we shall not here treat, except in a few cases in which 
igas enters into chemical combination with a liquid, hy whicli, at the same time, it 

al)sorbed physically. It is the phenomena of, and tlie laws rclnting to, the physical 
i1)sorption of gases, which here more immediately conceni iis. 

The amount of a gas absorbed by a liquid upon which it exerts no direct chemical 
ution, is dependent : (1.) on the specific nature of the gas and of the liquid ; (2.) on 
[lie temperature at which the absorption takes place; (3.) on the pressure under whitdi 
[he absorption fakes place. That the amount of absorbed gas depends in the first 
place upon the chemical nature of the gas and of the liquid, is seen from the fact 
that the solubility of different gases in tho same liquid and of the same gas in 
iificrent liquids, varies extremely. Thus, for example, 1 volume^ of water at 0° C. 
absorbs 0*00193 volumes of hydrogen, 1*7907 volumes of carbonic acid, and 1180*0 
volumes of ammonia ; thus, too, whilst I volume of water at 0® C, absorbs only 0*2563 
volumes of olefiant gas, 1 volume of alcohol at the same temperature, absorbs 3*595 
volumes. 

Tho law which expresses the relation existing between the quantity of any absorbed 
gas and the temperature, appears to be an extremely complicated one, to the nearer 
acquaintance with which we have a^ present but little clue ; so that tho variation of 
the amount of absorbed gas with the temperature must in every case be determined 
by direct experiment As a general rule, the volume of gas absorbed 
increase of temperature, and vice versd ; thus 1 volume of water at 0°C. dissolves 68*61 
volumes of sulphurous acid, but the same volume of water at 24® dissolves omy 31 8 
volumes ; thus also, 1 volume of alcohol at 0® absorbs 17*891 volumes of sulphuretted 
hydrogen gas, whereas at 24® the quantity absorbed is only 5*955 volumes. 1 is 
fule is, however, not without its exceptions; thus, for example, hydrogen is cqua ly 
«ol«We in water between the temperatures of 0» and 25o, I Tolnme of water betw^ 
these temperatures dissolving 0*0193 volume of this gas ; and thus also, for tem^r^ 
turea vamng from 0® to 20®, 1 volume of alcohol dissolves a constant amount ot 
namely, 0^284 volume. In the case of many of the Icbs 
alteration in the absorbed volnrae effected by changes of temperature 
range of easy experimentation is so small, that it can only be 
observation ; indeed, the earlier chemists, especially Dalton, believed tha 
0^ gas absorbed was entirely independent of the temperature. absorbed 

^ A simple relation has, haiever,V found. ?o exist 


oAuipie relation nas, nowever, doou iwuuvi. w limits. 

g^ and the presenre tinder which the absorption takes place. absorbed 

■^hmh we shall presently more nearly define, the quantity or weig the 

vari«. direcUy i£ thf ^eSure. Tho>ne«d fact ttiat f»t 

amount of absorbedgaa is greater, baaT^n known for akngtxin , hi*WiiHain 
'>3 Cavendish and^.eitl^ but the exact law was first enunciated William 
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Henrjr, in the Shilospptiieal Transi^ipsie fpr XiSOii^&'tJlfefollowmg.w^ XJndc 

equal of tskta idl the Mime volume of 

%idetti^ g^ lM of gas un^r ort^pfe^ressure. the spaces occupied by every 

Jjgas^^fe# water takes up of km 

condeiM^^^^l^ltiro, oii^ore aamuo&iid^^^a^ a quantity which, ordinanlv 

compress»^«tii^£i|il he equal to twice, thrice, See. the volume absorbed under the comtuon 
inhere.’* Thus, for instance, water at 16® C. absorbs its own bulk 
of cajphm' ici^.^der whatever pressure the absorption jnay lake place ; and if the 
pres^^ in th^tnlO case be 1, and in the other 2, 3, 4, &c.', the quantity or woiglit of 
gas a^lsorbed under the various pressures is as 1 to 2. ^ 4, &c. 

This simple relation holds good^ithin certain linpiia ^y, because Boyle’s law (that 
• the volume of a gas is inversely proportional to the prqiihire to which it is subjected), 
upon which this rslall^ is based, is strictly correct gases only within a certain 

range of pressure, and in the case of the more conden^blS gases, as carbonic acid and 
ammonia, this range does not diverge far beyond the ordinary pressure of the atmo- 
sphere. The exact limit above and below the normal atmospheric pressure at which 
this relation of the absorbed quantity of gas to the pressure ceases to be exact, has 
as yet been experimentally determined in one or two cases only. 

When a mixture of two or more gases is allowed to remain lu contact with a liquid 
with which none of the gases enter into chemical combination, a portion of each gus is 
absorbed; but the liquid does not dissolve so much of any one gas as it would have 
done if that gas alone had been present. The quantity of each gas absorbed, is in 
tills case also dependent upon the pressure which each gas exerts on the liquid. When 
two or more gases having the volumes w, Vg, &c. each measured under the pressm-e 
JP, are brought together, they diffuse into each other until the particles of each are 
extended equally tiiroughout the total space. If the pressure which the gas v exerts 
before mixing w'as P, the pressure! after mixing, P^, is, according to Boyle’s law, equal 

to ^ . P; that on Vi is ■ ■ P; and that on i s — — ■■ — . p, 

V 4 iq + ?*2 V -i- Vi -h V 2 V + Vi + 

the sum of these pressures being equal to the original pressure P. This pressure exerted 
by one of a mixture of gases on the inclosing space may be termed “partial pressure,” 
in contradistinction to the sum of these or the “ total pressure.’’ As the amount of 
a single gas absorbed by a liquid is proportional to the total pressure of the experiment, 
so, in a mixture of gases, is the absorbed amount of each proportional to the partial 
pressure on that gas. This law regulating the absorption of mixed gases by liquids 
(which, in fact, includes Heniy’s law for total pressures), was first stated byDaltoii in 
a paper on the absorption of gases in liquids, published in the Manchester Memoirs 
for 1806, ctjntaining a masterly theoretical treatment of the whole subject. In this 
paper, Dalton discusses all the cases of the absoiq^tion of gases by liquids, and develops 
the law which regulates the absorption of two or more gases when their volume is infi- 
nitely largo as compared with that of the absorbing liquid, as also the law regulating 
the absor[>tion when the volume of the gases has a finite relation to the liquid, showing 
in this last case, that the absorptiometric equilibrium occurs when the pressure of each 
gas dissolved in the liquid is equal to that of the portion of the gas which remains 
unabsorbed above the liquid. Although, as we shall see, these theoretical results are 
correct, still many of Dalton’s ideas regarding absorption, being founded on incomplete 
and inaccurate data, have since proved false ; thus for instance, he pictured to himsflf 
the act of absorption as nothing else than an infiltration of the liquid by the molecules 
of the gas, and hence assumed, his experiments not teaching him otherwise, that all 
non- viscous liquids absorb a like quantity of the same gas, and that temperature does 
not affect the absorption ; and he expresses the difficulty which he has to account for 
the fact, too evident to be overlooked, that different gases are absorbed by the same 
liquid in such very various quantities. 

Hence, owing to the incomplete nature of Dalton’s experiments, and notwithstanding 
the fact that Saussure afterwards occupied himself with the subject, the law of pre^ 
sures must be considered as having remained without a sound experimental basis, until 
the recent exact determinations of B un sen and his pupils ♦ plac^ the question beyond 
a doubt, proving that, within the limits before mentionea, the laws ofD^ton and 
Henry are founded on.fact. . . -j • 

In order to be able to compare the solubility of the various gases in liquids, it w 
usual to determine the voluncm of gas, measured at the standard temperature and pros* 
sure (0®0. and 0*7 6m. pressure of mercury), which is absorbed under a 
0*76m. of mercury in l ^ ^plume of liquid at the temperature of observatioib andtnis 
volume is called the “ Coefficient of Absorption ” of the gas in the liquid* 

* See Bunse n* • GnsOntetric Analriis, London t Walton and Maberly, IS97« aiitele, 

Fhil. Mag. {4] ix. 1 16 and ISt ; alto Aon. Ch. Pham, xclv . ISO 1 xov« jl i xclx. 100 1 
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The nietho^ »Iopted by %iiA and his pupils for the detei-mination of the oo. 
(Bcients of absorption ot gues Wr water and al^Ol,.i- for these are the only Uouids 
(liich have aa yet been empjt^— vanei acoQ|Pg to the solubility of & the 

Iquid used. In the case of_an very solnbla:,9^e||athe anionntofthe absorliisd'teas 
fas determined chemically ; in the case of the less soluble gases, a peenW en^moetno 

irocess was adopted. . * 

The gases whose solubility has been determined by chemicfl methocfeawk^SM/* 
^hurcticd hydrogen, sulphutpuB acid, animmiia, and chlorine; these, gases, evot^ ib 
, state of purity, were pass^ for a long time through a large volume of liquid, which 
^ad been freed from air by lonk^n tinned boiling, and was kept at a constant tern- 
lerature during the experime^^ ^ter the gas hac^'^passed so long through the liquid 
hat the latter was cbmpletej|^|frtnrated, the barometric pressure was read off and a 
iiovni volume of the liquiE v^^^thdrawn, special precautions te avoid possible loss 
,f gas being observed, and contained in this liquid quantitatively determined 

ither by means of volumetric analysis or by tho other ordinary processes of analytical 
heniistry. 

If the volume of the liquid does not undergo any appreciable increase in bulk, owing 
0 the absorption of the gas, we arc able easily to calculate the coefficients of absorp- 
iou from the data obtained by tin's process. If, however, as is the case with all the 
nore soluble gases, the volume of the saturated liquid'is considerably larger than that 
if the liquid before saturation, it is necessary, cither to determine the amount of 
his increase of bulk, or, what is the same thing, the specific gravity of the saturatt‘d 
olution, or else, by a modification of the process, to saturate only a small volume of 
iquid, and to determine the absolute quantity of gas absorbed, by Wf‘igliiiig before and 
fter the saturation. As an example of this calculation, \vc may choose an actual 
xporirnent of the determination of the solubility of sulphurous acid iinibsoluto alcohol 
il, 20° It was found that 4 volumes of the alcohol saturated with sulphurous acid 
it 20° C. and under a pressure of 3-7438 in. of mer- 
iir}% contained 1*092 gnns. of sulphurous acid: — re- 
tired the volume of gjis at 0° and 0*76 contained in 
he unit-volume of pure alcohol, when tho specific gra- 
ity of the saturated solution at 20° is 0*9404, and 
hat of the pure alcohol 0-792? From these data we 
ind that the weight of the meusurod volume is 3*7010 
!rms.; and 2*6696 grms. is the weight, or 3*371 c. c. 
h(^ volume of alcohol which absorbed 1 092 grms. of 
lulplmrous acid at 20°, and under the pressure of 
17438 m.; so that, according to Henry’s law, tliequan- 
it}' which would have been absorbed under a pressure 
'f 0760 m. is 1*116 grms.; and as one cubic centi- 
lu lre of sulphurous acid gas at 0° and 0*76 weighs 
1002861 grms., the volume of gas at 0° and 0 76 ab- 
sorbed by 3*371 c. c. alcohol is 389*8 c. c. ; or the 
■oefficient of absorption of sulphurou.s acid in alcohol 
it 20° is 116-7. 

For the determination of the coefficients of alisorption 
gases less soluble in the liquid employed, Bunsen 
ias constructed an instrument termed an “ Absorptio- 
rneter,” represented in jige. 608 and 609, which he thus 
Icscribes *. — The absorption tube e, fig. 608, divided 
into millimetres and calibrated, has a small iron band 
^ 609, furnished with a screw luted on to its lower 
Sind open end ; thia fits into another screw attached 
the small irofi stand a a. By means of this aiTange- 
ment, the open end of the tube can be screwed down 
figainst a plate of caoutchouc covering the bottom of 
the* stand, and the tube thus completely closed On 
each side of the stand are fixed two steel springs, c c, 
which fit into two vertical grooves inside tho wooden 
foot of the apparatus f, fig. 608, so that the little iron 
*»tand a a, fig, 609 , can be raised or depressed, but not j 
turned on its axis horizontally. The outer cylinder, 

9 Si fig- 60S, ia not ceniented into the wooden foot/, 

°r into the iron rim A, but the ground glass edges of 

Ibe cylinder are pressed against caoutchouc rings, in- m 

in the foot and in the rim by means of the scre^-s if. pe ^ ^ 

poiur in mercury, so d<i»jred pressure is obtained in the absorptio J 
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raising or depr^ng the level of the mercury in the innw glass oylinder. The tern 
perature of tne surrounding water m determined by the small thermometer Th' 
end of the outer <grhnder by auMron Ijd having a hinge at one aide^ 

and fastened by means of a::j|d|pbid' screw attach^ to the iron rim A, fitting into 
a grapye p, in the side of the lid. Tii the inside of the lid there is a raised rim of iron 
over jfhich a thick sheet of caoutchouc is extended and fastened liy a screwed rinc 9 
v.i^Wi^tended caoutchouc serves as a spring against which the top of the tube can be 
keeping it in a h^ed position during the violent agitation necessary for the 
process of absorption, ' • 

Ths/|Dode pf using this appara^s, and the method of calculation employed in thoso 
expermients, is best ed^ined h^%n actual examples We select for this purpose the 
detenmation of the l^mcient of absorption of nitrogen in water at 19^ C. A cer- 
tain jfj&itity of under examination is placed in the absorption tube, overmer- 

cui5!Si tha^crcuriu trodgh, and its volume aetemjned, the usual precautions as to 
vsadihg o^p^ure, temperature, &c. being taken, as in the ordini^ process of gas 
f ^|l)^sis. 1)^6 following observations are made : 

; "^^JjavreT^il^^ce of mercury in outer cylinder 
lirpper surface of mercury in absorption tube 
Barometric pressure ..... 

Temperature of the absorptiometer , 

Temperature of the barometer . 


a « 423-6 mm. 
b = 124*1 „ 
p = 746*9 „ 
t 19*20 0. 

T » 19-00 .. 


A quantity of water perfectly freed from air is next introduced under mercury into 
the tube, which is then screwed tightly against the caoutchouc plate, and the tube 
thus closed, is placed in the cylinder y y, containing some mercury, and over that a 
quantity of water. As soon as the pressure within and without has been equalised 
by slightly turning th^ tube, it is again closed, and the whole appanitus rapidly agi- 
tated for about a minute. This agitation, with opening and closing of the tube, is 
continued many times, until no further change of volume is perceptible. I'he observa- 
tions necessary for the measurement and reduction of the residual gas are thus made: 


Tyevel of hiercury in outer cylinder . 
Level of mercury in absorption tul>o . 
Upper level of water in absorption tube 
Upper level of water in outer cylinder 

Barometric pressure 

Temperature of the absorptiometer 
Temperature of the barometer . 


a* « 362-2 mm. 
b' = 360*7 „ 

C* «aa 65’5 ,, 

« 8*0 „ 
= 746*3 
t' = 19*00 0 . 
r * 18-9® „ 


From the first series of observations, the pressure on the dry nitrogen is obtiiined by 
subtracting the height of the column of mercury in the tube, (a — 6 == 299*6 mm.), 
and the tension of the vapour of water at 19'2o (» 16*6 mm.), from the barometric 
pressure, the height of both the columns of mercury being corrected for the expansion 
which tliey undergo in being heated from 0^ to 19-2®. This pressure, P, is found to be 
equal to 744*4 - 298*5 - 16*6 « 429*3 mm. 

The volume of nitrogen employed, when reduced to 0®, is, according to the table of 
capacity of the instrument, found to be 32 608 = U, expressed in arbitrary units. Tho 
barometric pressure, corrected for expansion, after the experiment, is 743*8 mm. ; tho 
height of the corrected column of mercury inside the tube, is 1*6 mm. ; the height of 
the column of water in the tube is 286*2 mm.; that in the outer cylinder 344*2 mm. ; 
so that the column of water which has to be added to the barometric pressure is 
844*2—286*2 — 69*0 mm., equal to 4*4 mm. of mercuiy ; the tension of the vapour of 
water at 19*2® is 16*3 mm.; and hence the pressure on the unabsorbed nitrogen is 
Pi » 743*8 + 4*4 - 1*6 - 16*3 « 730*5 mm. 

The volume of unabsorbed gas, reduced to 0®, is found from the tabte of capacity to 
bo 16*622 ■» Vi of the same arbitrary units, whilst the volume of watcar em{doy^ w 
182*87 *■ h units. 

From these data, the coefficient of absorption can be easily obtained. The volume 
of nitrogen reduced to the pressure 760 mm, was, before the absorption, the re- 


duced volume after the absoaption is 


760 ’ 


and hence the volume absorbed under the 


VP VP 

pressure if If a®w the law of Henry be correct in the case of nitrogen 

and water, the volume of gas absorbed under the inressure of 760 mm. will be greater 
than that abseibed under the prefsure Pi in the pvopoitionr^; or it will h* 
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- Fv Heace the volame of gae abaorbed by the unit-volume of liquid in the 


i'l 


i.eiAcient of absorption is : 


1 /r.p 

St 


or, for the special case we are considering : 

I . /32-608 X 429*3 


C « 


i*-(- 


7 ao -6 


- 16-622) 


0*01448, 


It is absolutely essential that the liquids emploared in these absorptiometric de- 
terminations be freed completely from air or other gases held in solution- this 
best accomplished by continuous boiling in a flask whose nec|[ has been^ Apiwn 
out to a fine point before the blowpipe^ so that tho flask can be instantly hermeti- 
cally sealed. The vessel containing the liquid, wliich ought to strike ftgainst the 
glass like a water-hammer, is opened under mercury, and thus all possible^trahoe <4 
air is prevented. 

By the lielp of this instrument, and by the application of a method of calculaUoil 
similar to the example just cited, the following coefficients of absorption in water^and 
absolute alcohol were experimentally determined. In cases in wJiich the solubility 
of tho gas varied with tho temperature, a simple interpolation formula, c=^A + £i+ Ct^ 
serves to express the relation with sufficient exactness. * 

1. Nitrogen . — ^The nitrogen was prepared by passing atmospheric air, freed from 
carbonic acid and ammonia, over red-hot copper turnings. 

In water (from 0° to 20^ C.); u =■ 0*020346 — 0 00053887 t + 0*000011166 
In alcohol ♦ (from 0® to 26"^ C.) ; o = 0*126338 — 0 000418 t + 0*000006 

From these formulae the following coefficients are calculated : 


0*12166 

0*12119 

0*12076 

0*12038 

0*12005 

0*11976 


2. Hydrogen . — The hydrogen was prepared from pure zinc and sulphuric acid. 
In water (from 0° to 20° C.) ; c « 0*0193. 



For Water. 



For Alcohol. 

0"C. 

0*02035 

12° C. 

0*01649 

OOC. 

0*12634 

14° 

20 

0*01932 

14° 

0*01500 

2° 

0 12553 

16® 

4° 

0*01838 

16° 

001458 

4° 

0 12476 

18° 

6° 

0*01752 

18° 

0*01426 

6° 

0*12404 

20° 

8° 

0*01657 

20° 

0*01403 

8° 

0*12338 

22° 

10'» 

0*01607 



10° 

0*12276 

24° 





12° 

0*12219 



In alcohol (from 0° to 25° C.) ; c 
Hence : 


0*06925 - 0*0001487 t + 0*000001 


In Water, 



In Alcohol. 

c -0*0193 

0°O. 

002569 

10 ° c. 

0*06786 

coustaiit. 

2° 

0*06896 

12° 

0*06761 


4° 

0*06867 

14° 

0*06731 


6° 

0*06839 

16° 

0*06713 


8° 

0*06813 

18° 

0*06690 


20° C. 

22 ° 

24° 


0*00668 

00GG46 

0*06626 


o. Carhonio Oxide . — ^Prepared by heating pure formate of magnesia with strong 
tiulphuric acid ; treatment with a potash-ball showed that the gas was pure. 

In water (from 0° to 20° C.); o * 0*032874-0*00081632 ^+0*000016421 
In alcohol (from 0° to 25° C.) ; c -• 0*20443. 

Hence : 


o°a 

2 ° 

4° 

6 ° 


0*03287 
0*03131 
0*02987 
0*02867 
4. Carbonic AcidL 


Tot Water. 


8°0. 

0-02739 

16° C. 0-02402 

10° 

0-02630 

18° 0 02300 

12° 

0-02044 

20° 0-02312 

14° 

0-02466 

1 


For Alcohol. ; 
c » 0*20443 
constant. 


.Prepared by the action of strong snlphoric acid on chsJk, due 
precautions as to its purification being taken. 

In water (ftom 0» to C.) ; e - 1-7967-0 07761 t + 0^0016424 
In alcohol (from 0® to 2S" C.); c = 4 - 32955-0 09396< + 0-00124 t». 

*** *** ***** ’'*** *»**™'““* ’’J' **• 
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Hence : 

For Water, ^ For Alcohol 

0® C. 1-7967 12® C. 1*1P18 Oo C. 4‘8295 14® C, 8*2573 

20 limi 14® l-(fe21 2® 4*1466 16® 31438 

4® i-Sl26 16® 0*9763 4® 3*9736 18® 3*0402 

6® 1*3901 18® 0*9318 6® 3*8105"' 20® 2*9465 

1*2809 20® 0*9014 8® 3*6673 22® 0*28628 

aO® 1*1847 10® 3*5149 24® 2*7890 

, >*? 12 ® 3*3807 

B.itoarsf^^as, — The»gae employed for the experiments with water was collected 
ftromBie mud-volcanoes at Bulganak in the Crimea, and being preserved in sealed 
lip5. f&oym. by 4§nftljsis to contain neither oxygen, nitrogen, carbonic acid, 
The gas used for the alcoliol-absprpjtion was prepared by the usual 
acetate and hydrate of potassium, ai^ eudiometric analysis showed 

an walw. jifw 0® to 20® C.); o *= 0*06449 — 0*0011807 t + 0*000010278^. 
• ' tin alcohof(from 0® to 24® C.) ; c « 0*622586 — 0*0028666 t + 0*0000142 

For Water, For Alcohol, 

0®C. 0*06449 12® C. 0 04180 0® C. 0*62269 14® C. 0*48525 

2®^ 0*06217 14® 0 03997 2® 0*61691 16® 0*48087 

4® 0*04993 16® 0*03823 4® 0*51185 * ' 18® 0*47561 

6® 3 04778 18® 0*03657 6® 0*50590 20® 0*47096 

8® 0*04571 20® 003499 8® 0*60057 22® 0*46642 

10® 0*04372 10® 0*49536 24® 0*46199 

12® 0*49024 

6. Ethylene. — Prepared in the usual manner from alcohol and sulphuric acid; 
01 traces of alcohol and ether-vapour and of higher hydrocarbons, were removed by 
ibsorbiug a large portion of the collected gas by strong sulphuric acid before the 
‘xperinieiit. Hudiometric analysis proved the purity of the giis. 

In water (from 0^ to 20® C.); c « 0*26629-0*00913631 0*000188108 

In alcohol (from 0® to 24® C.); c « 3*59498-0*067716 t + 0*0006812 i\ 

Hence ; 

For Water, For Alcohol. 

0® 0. 0*2663 12® C. 0*1737 0® C. 3*6960 14® C. 2*9205 

2® 0*2388 14® 0*1662 2® 3*4823 16® 2*8159 

4® 0*2227 16® 0*1583 4® 3*3750 18® 2*7768 

6® 0*2082 18® 0*1528 6® 3*2732 20® 2*7181 

8® 0*1962 20® 0*1488 8® 3 1768 22® 2*6549 

10® 0*1837 10® 3*0859 24® 2*6022 

12® 3*0006 

7. Fitrous Oxide. — The gas was prepared from pure nitrate of ammonium. 

In water (from 0® to 24® 0.); c « 1*30521 - 0*045362 t + 0 0006843^* 

In alcohol (from 0® to 24® C.); c - 4*17805 - 0*69816 t + 0*000609 t^. 

Hence : 

For Water, For Alcohol, 

0®C. 1*3062 14® 0. 0*8034 0® C. 4*1780 14® C. 3*3200 

2® 1*2172 16® 0*7535 2® 4*0409 16® 3*2169 

4® 1*1346 18® 0*7090 4® 3*9086 18® 3*1187 

6® 1*0676 20® 0*6700 6® 3*7811 20® 3*0253 

8® 0*9858 22® 0*6364 8® 3*6685 22® 2*9368 

10® 0*9196 24® 0*6082 10® 3*5408 24® 2^8532 

12®' 0*8588 12® 3*4270 

8. Fitric Oxide in Alcohol, — The pure gas was prepared by passing tie mixture of 
gases evolved'by the action of nitric acid on copper, into a concentrated eolntion w 
protosulphate of iron. The pure gas was collected by gently warming this saturated 
solution. 

In alcohol (from 0® to 24® 0. ); o - 0*31606-0003487 <+0*000049 
Hence ; 


For Alpohol, 

0® a 0*8861 8® a 0*2913 14® 0. 0*276d| 20® (Si 0*26^ 

2® 0*3093 10®; 0*2861 16® 0*2728 22® 0*2681 

4® 0*8029 12® 0*2818 18® 0*2692 24®^ 

6® 0*2969. . I V 
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0-03147 1 

[ 6®0. 

For Water. 
0-02613 1 12° C. 

0*02257 1 

18® C. 

0*02084 

0-02947 

8® 

0*02474 

14® 

0*02179 

20® 

0*02064 

0-02770 

10® 

0*02355 

16® 

0^2121 ! 






Par Water, 




0-0871 1 

6® a 

0*0693 

12® C. 

0*0559 1 

18° 

0-0468 

0-0807 

8® 

0*0644 

14® 

00524 

20'^ 

0044f':- 

0-0748 

10® 

0*0599 

16® 

0*0493 




9 Kthyl-gas in Water,— The gas used in these experiments was prepared by the 
gction of zinc-ethyl upon iodide of ethyl. 

In water (from 0® to 20® C.) ; c = 0*031474 -0*0010449 ^ + 0 000025066 

Hence : 

0^5 C. 

2® 

4® 

10. Ucthyl-gae in Water, — ^Prepared by the action ’of z‘n^c-in ethyl t^wn io^o of 
methyl. 

In water (from 0® to 20® Q,); o ^ 0*0871 - 0 0033242.^ + O OOOOaoai^^ 

Hen6e : 

0® C. 

2 ® 

4® 

11. Ox^igen in Water . — ^The coefficiente of absorjition of oxygen in water were 
(JoterminecI directly by the process described, because it was fouiul that, although the 
mercury contained in the absorption tube was purified as completely as possible, it 
fciill contained traces of foreign metals, which on agitation were oxidised 4fct the"' 
expense of the dissolved gas, thus rendering the determination of the coefficients of 
absorption incorrect. 

In order to determine the solubility of oxygen in water, the following indirect 
method was adopted, which, however, presupposes the applicability of Dalton’s law of 
partial pressures. If both oxygen and nitrogen obey this law, it is not difficult from 
the known coefficients of absorption of nitrogen, from the known composition of the 
air, and from the relative amounts of the two gases dissolved when water is saturated 
with air, to calculate the coefficients of absorption of oxygen in water. The relative 
quantities of oxygen and nitrogen dissolved in water through which air was passed to 
saturation were found by experiment to remain constant ; that is, at all the observed 
temperatures, the quantity of oxygen contained in 100 parts of absorbed gas is 35 01 
= r®, and that of nitrogen 65*09 « Hence we see that, as the total amount of air 
absorbed at different temperatures varies, the curve representing the relation bctw<'en 
the amount of absorbed oxygon and the temperature, must be pamllel \vdtli the curve 
representing the same relation for nitrogen. nnrti> n 

The composition of one volume of the atmosphere we may take to he 0*2096 = 
volume of oxygen, and 0*7904 = JV' volume of nitrogen ; if now, O represent the coeffi- 
cient of absorption of oxygen, and C'" that of nitrogen at any given temperature, the 
volumes of absorbed oxygen and nitrogen contained in the volume V of air aljsorbed 
uuder the pressure P, are, according to Dalton’s law,- — 

O V OP A i7h C» VN P , 

“ 0-70 {N + O) ’ ““ *“ 076 (S 0)' 

hence by division we have 

35*91 X 0*7904 ^ 2*0225 








65*09 X 0*2096 
OP expressed in terms of the temperature alone : 

(from 0° to 20°) : c=0-4116-0-00108986 1 + 0 000022563 C. 

And hence : 

0® 0 04114. 2® 0*03907. 4® 0*03717. 6® 0*03544. 10® 0 03250. 

12® 0*03133. 14® 0*08034. 16® 0*02949. 18® 0*02884. 20 0*02838. 

12, Oxygen in determinations of ^ 

were made in the. usual way with the absorptiometer, the error ^ ouan- 

of the metals contained in the mercury proving in this c^«e ^ 

tity of oxyrgen dissolred in alcohol between 0® and 24 C. remained 

(from 0® to 24<’); c - 0-28397 constant. 

13. Atmomherio Air in Water.-Wben the t^’^d^thl'tot” quan- 

pises is infinit^y large as compared with that of the absorbing 1 q J -i fAimd^frorn 

% of ga. abaorLtS Ae eoefecient of absorption of the nnx^^^^^ 

the several coefficients of absorption of the component 8**^®® “ relation to that ofriio 
‘“n in the mixture. When thd Tolume of thjs gas bwrs a ^ the 

•Wbing liquid, and the gases toe annually solubl«t the alteration efflectea 
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eompositioD of the gne by tJie absorption must be brought into consiaeranon. In th 
following calculations of the solubility of atmospheric air in water, the volume of th* 
gas is considered as infinite compared with that of , the water. Hence, as 1 volume f 
air contams P;2096 vol of oxygen, and 0*7904 vol. of nitrogen, the coefficient of 
absorption of air'ih water, according to Dalton’s law, is C*** O'* x 0*2096 + O x 0-79oi 
where O and O* represent the coefficient of absorptipn of oxygen and nitrogen 
at the given temperature. The coefficient expressed in terms of the tempera^ 
alone is : 

(from 0° to 200) . ^ 0*247064 -0*000654358 f + 0*0000135469 
andl^co:'^ 


0®C. 0-02471 1 

6® 0*02128' 

12® 0-01882 

18® 0*01732 

2® 

0-02346 

8® 0*02034 

14® 0 01822 

20® 0*01704 

4® 

003227 

10® 0*01963 

16® 0 01771 


The coefficients of absorption of the following gases, which are much more soluble 
thah the pr^lWing, were determined by the chemical method referred to above. The 
det'^nninations Of the solubility of sulphurous acid, sulphuretted hydrogen, and chlorine 
in made by Schoiifelci (Ann. Ch. Pliarm. xcv. 1); those in alcohol by 

cit.) 

Smphuroti^ Acid in Water . — The amount of absorbed gas was estimated chomi- 
sallji by the iodometric method of analysis, reduction being made in the calculation 
fer the alteration of the bulk of the liquid by the absorption of gas. 

The following expressions give coefficients which approximate very closely to tlio 
observed amounts : 

(from 0° to 20°) for pure water; c « 79*787—2*6077 1 + 0*029349 
. , (from 200 to 400) ^ ^ 75*182-2*1716 ^ + 0*01903 tK 

Henc^ the following valuers .* 

0® 79*789; 100 56*647; 200 39*374; 30® 27-161 ; 40o 18*766. 

15. 8ulj7?iurous Acid in Alcofiol . — In pure alcohol the coefficient is found from ilis 
formula — 

(from Oo to 24®), <j » 328*62-16*95 ^ + 0*3119 if*, 
hence the coefficients are : 

0° 328*62; 5® 251*67; lO® 190*31; 150 144*55; 20O 114 48; 240 101*47 

16. Stdphf/dnc Add in Water . — The sulphur of the dissolved gas was weighed .ns 
sulphate of barium. The interpolation formula obtained from the experiments Ls - 

(from 0® to 400); ^ * 4*3706-0*083687^ + 0*000521 3 if®, 
hence the coefficients tiro 

00 4*3706; 100 3*5858; 200 2*9053; 30® 2*3290; 40® 1*8569. 

17. Svlphydric Add in Alcohol , — Experiment gave — 

c « 17*891 -0*65598^+ 0-00661 

Hence : 

(from 0® to 25°) 0® 17-891; 4® 15*373; 8® 13*066; 12® 10*971; 16® 9*088; 

20® 7-415; 24® 5*955. 

18. Chlorine in Water . — The coefficients of chlorine in water cannot bo determined 
below 10®, as at that temperature a ciysttillino hydrate of chlorine is formed. The 
quantity of absorbed gas was determine by the iodometric method. Experiment gave 
the following interpolation formula : 

(from 10® to 40®) c * 3-0361 - 0*046196 1 + 0*0001 107<*. 

Hence: 

10° 2-5852; 20® 2-2405; 30° 1*7499; 40® 1-3655. 

18. Ammonia in Water. — ^The solubility of ammonia in wafer has been 
by Dr. Carius (Ann. Ch. Pharm. xeix. p. 129). The following formula gives the 
result of his experiments: 

(from 0® to 25®), 0 « 1049*63-29*496^ + 0 067687f»- 0*0095621 <•. 

More recently the solubility of ammonia in water at different temperatures 
tfnder direct vanatipn of pressure, hs^ been exactly estimated by MessrSviBttscoe sDd 

Dittmar (Ofaem. Soc. Qu. J. zii« 147). These chemists have sbowitd2i4t the nuin^ 
gfven by Carius are all 10 per cent too low, owing to the existence of 
rtmental errors running through his determinathSis; They fclso 
quantity of ammonia absorbeoTby water at a eonstSAt' lei^^ 

^ Carius} proportional to the pressure und^ wh^ the absoiptlosi^^^^ 
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clwrly fee® following table, in which (O) gires the weight in grammee of 


P. 

001 

004 

010 

015 

020 


o. 

0044 

0*149 

0-275 

0*351 

0411 


p. 

G. 

P. 

o. 

P. 

G. 

0*30 

0-616 

0-80 

0-906 

1-30 

1-310 

0*40 

0-607 

0-90 

0*968 

1*40 

1-416 

0*60 

0-690 

1*00 

1-037 

1*50 

1*526 

0*60 

0*768 

1*10 

1*117 

1*60 

1*645 

0*70 

> 

0*840 

1*20 

1-208 



1-70 

1-770 


P. 

1-80 

1-90 

200 


1*90G 

2046 

2196 


- -0 o- -- - , , . ujr uiic prmnmc oi 

vater at the temperatures unnexca under the barometric pressure 0*76 m. as found by 
Jloscoe and Dittmar. ' 



grm. 


srm. 


arm. 


grm. 

0°C. 

0-875 

16® 

0-682 

32® 

0-382 

48® 

0*244 

4° 

0-792 

20® 

0-526 

36® 

0*343 

52® 

0*214 

8® 

0*713 

24® 

0474 

40® 

0-307 

66® 

0186 

12® 

0-645 

28® 

0-426 

44® 

0*275 



The experiments which have been made to verify tlio law of proKsnrcs, "have been 
applied not so much to the determination of the exactitude of the law under hi-^h 
prf’ssurea, as to thq exemplification of the truth of tlie law of partial pressures. Th^ 
tlio solubility of carbonic acid, under varying pressures, lias only been examined by 
Bunsen between the limits of 623 and 725 millimetres of mercury, whilst Henry em- 
ployed a pressure as high as 1*4 metres of mercury. In the case of gaseous mixtures, 
for which the instrument was more suited, the precision of the law has been domon- 
Btrated by a largo number of experiments W'ith different gases. Thus, in mixtures of 
carbonic acid and hydrogen in water, of carhonic acid and earhonic oxide, of carbonic 
oxide and marsh gas, of carbonic acid and hydrogen, and of carbonic oxide, marsh 
gas, and hydrogen in alcohol, it has been shown that the component gases are ab- 
sorbed in quantities exactly regulated by Dalton’s law. 

In order to understand the mode in which these verifications of the law are ob- 
tained, it will be necessary in the first place to develop the general expression for tlie 
alterations which a mixture of two gases undergoes on absorption, and then to apply 
this general formula to special examples. If Dalton’s law be correct, that in a gaseous 
inixtiu-e undeigoing absorption, when the volume of the liquid is not inappreciable 
compared with that of the gas, the component gases are dissolved in quantiti<'s’ de- 
pendent upon the pressures of the respective components of the residual gii.s, it will 
not be difficult to calculate from ubsorptiomctric data the relative proportion of the 
gases in the unabsorbed re.siduo. If this calculated result agi*eos with a direct eudio- 
metric analysis, the law is proved to be true. Wliat wc have first to calculate is, then, 
the composition of the residual gas from the other absorptiometric data. For tins 
purpose let all the volumes of gas be reduced to 0° C. ; then let the total volume of F 
gas employed in the experiment, be under the pressure P. In the unit-volume of this 
mixed gas let there be v volumes of the one, and Vj volumes of the other gjis. Let tlio 
coefficient of absoiption of the first gas be a, that of the second /9, and the volume of 
the absorbing liquid A. Further, let the total volume of the gJis remaining after the 
absorption be Fj ; and, lastly, let the nnit-yolumo of this gas contain ?/ volumes of the 
one, and volumes of the other constituent gas. These values of u and are the 
unknown quantities which have to be found from the given data. 

The volume F contains v V volumes of the first gas at the pressure P, or 

volumes at 0*76. This volume is divided by absorption into two parts ; the first piirt 
X remains liehind alter the absorption as free gas ; the second, .Vj, is that absorbed by tbo 
liquid. The quanti^ of this latter is determined by the law of absorption ; the unit of 
liquid absorbs a volume under the pressure 0*76 : hence, under the pressure P^ h vo- 
lumes of liquid will absorb however, the first gas is expanded by mixing 

^ith the second, from X to the quantity of gas absorbed by A is, by virtue of 

<l*7o _ „ 


partial pressure ^ « Xi, Hence, x + ^ 


oAjt 




ifFP 


0*76 


siiCliiai! roftsonini^ the volume of the second residual gas, y 


M}‘ 

v,FP 

nsTv. 
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SUau»itvrP - Ai v^'VP - A,i and(l+^*j-2>„^eobw 

A Sx X 


A +■ Aj^ S *P + y 

^ y 

AJ3i +^iB*"jr + y 


(1) 


The reverse of this calculation is to obtain the composition of the original gaseoi 
mixti^ from the observed quantities K, P, P^, o, j8, and h. In this way an ans 
lysu is in fact made of the mixture of gases, without resort to any chemical decon 
position ; and this ahsorptiometric analysis is often of the greatest importance t 
it solves questions which cannot be attacked by the usual eudiomotric methods. * 
s Let X represent the original volume, and the unabsorbed residue of the first gai 
in both cases reduced to the pressure 1 ; and, as before, let Vi be the volume of tli 
unabsorbed gas under the pressure P^. 


The pressrhre of the unabsorbed portion of the first gas is then and the volume ( 
tl)i^ed ^s reduced to this pressure is a A, or reduced to the pressure 1, it is ^ .ai 
fiehce X M x^ + ah; and the pressure of. the unabsorbed portion of the fin 


i» + a h manner, the pressure of the second gas is obtained, an 

WO have the following expressions for the pressure before and after the absorption : 


P 


y y Fi + «A Fi + /3A‘ 


If we then set P P = IT; ( Fj + « A)Pi « ^ ( Pi + /3 h)Py = P, wo have tli 
volumes of the first and second gases in the unit-yolume of the mixture, namely: 


X IP-P A ^ y ^ - TP P 
X + y -4-P * TP' TTy “ ' tV' 


(2) 


By help of these formulm we can test the tnith of Dalton’s law ; for if tho rosiil 
thus calculated agrees with those determined by experiment, the basis upon wliici 
the calculations are founded must be correct. 

In order then to test the applicability of these formulae, a mixture of carbonic aci( 
and hydrogen was made, and the volume of each gas determined by eudiom(?tri 
analysis ; the gas was found to consist of: 

Hydrogen 26 81 

Carbonic acid . , , , . , , . 7319 

lOO-OO 


An ahsorptiometric analysis of tho same gas was then made, and by means of f<>i' 
mula (2), tho composition of the original gaseous mixture found to be : 


Hydrogen . 26*67 

Carbonic acid . 73*33 


100*00 


The composition of the residual gas was. found by direct analysis to be : 

'Hydrog^en . . * 93 01 

Carbonic acid \ , 6*99 

100-00 

Or the partial pressure of the hydrogen was 0*6688 m., and that of the carbonic sci( 
0*04276 m. 

The mean of three ahsorptiometric experiments gave as the composition of thereB 
dual gasy calculated according to formula (1) : 

Hydrogen / .. . 91-64" 

Carbonio acid . . • • * . 3-86 

w fhe jpartial pressure of the hydrogen was 0*6066 m., and that the 
0'’0693 m. 

JB^m the close ameement between the restdi^^lm eiidhw*^^ 
inetiio it is seen that Dalton's law bo]d|'|s^t at 

opneideciip M$hy other gaacioos mixtures h»T#jpeady been 
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SSy ^periments, we muet, however, refer to the memoir. 

There are, nevertheless, cases in which the constituents of » 

BOt dissolved in liquids in the proportion required by the kw of 
jlfliough no dednite chemical combination occurs/ Thus for^instenci 
(Chem. Soc. Qu. J. viiL 14) has shown that mixtures of .J^ial vJlumr^ 

„dlrr'l«>ge«.“d“«tF®8 of vaiying proportions of chl^no and carW S'" do 

not issolve in water in quantities proportional to the partial pressures S/.ch 
gas. As, however, both hydrogen and carbonic acid have Wn showrtn 

&e di^p^cy can only ^se the chlorine. The mixture of equal voS if 
chlonne and hydrogen v^ obtmned perfccUy pure and of constant conZsition bv ?ho 
electrolysis of wncentra^ hydrochloric acid ; and it was found that -il.en wat. /wa^ 
Bdurated with this gM, the amount of chlorine dissolved was always much lanrcr than 
'that required by the kw of partial pressures, as calculated from the coefBcients of , 
sorption and the relative volumes of the two gases; thus, at 14 -40 g-834 irems f 
water dissolved 14-70 volumes of chlorine, whereas the calculated ’quantity is onlv 
U-65 volumes ; and similarly for other temperatures. Prom a number of experiments 
Roacoe concluded that no definite decomposition of the water by the chlorine takei 
place, which might possibly account for the increased solubilify of that fnin- and henoo 
It appeared that, at temperatures not very far removed from the point at which a hv- 
dwte is formed (the experiments extended from 13° to 38°), chlorine is ret-iined bv 
water with a force which, although not great enough to effect a definite combination 
is sufficient to disturb the regular action of the law of absorption. The amount of 
this disturbance, that is, the quantity of chlorine contained in the liquid over and 
above that required by the law, can be ea.sily calculat(‘d, and it has been shown that 
this amount, in the case of chlorine and hydrogen, dimini.sJiey with increase of tem- 
perature. In order to see whether this molecular disturlianeo is dependent upon tlie 
natui-e of the gas in contact with the chlorine, the solubilitv of mixtures of clilorine 
and carbonic acid was determined, and it appeared tliut aii excess of chlorine above 
the quantity required by the law is dissolved, but that tlie amount of this chemically 
attached chlorine is, as far as the experiments reached, independent of changes of teni- 
peratiu-e, proving, therefore, that the amount of this molecular disturbing action 
depends on the nature of the gases or other substances pre.sent. 

The limits of pressure beyond which gases do not obey the law of pressure, hare not 
a.s yet been experimentally ascertained in many cases. It appears, however, that tho 
law is not strictly applicable, at least, in the case of the more soluble gases, witljin 
ranges of pressure varying from 0 to 2 atmospheres. Thus, as has been stated, tho 
quantity of ammonia absorbed by water under varying pressure differs very conside- 
rably from that required by theory ; and this result was fully proved by experiments 
made by Mr. Sims in tho writer’s laboratory (Chem. Soc. J. xiv. 1 ). These experiments 
showed that under direct variation of pressure from 0*050 to 2*5 metres of mercury 
th<? quantity of ammonia dissolved in water at all temperatures below 100° C. is not 
directly proportional to the pressure; hut that the deviation becomes less as tlie 
temperature increases, until at 100° C. the law of Dalton holds good. Similar results 
were obtained for sulphurous acid; this gas was shown to obey the law only at tem- 
peratures above 50° C. Further experiments on this subject, made at the writer’s 
suggestion, by Mr. W. M. Watts, prove that admixture of ammonia with air produces 
the same effect on the solubDity of that gas in water as a direct diminution of pressure. 

When gases obeying Dalton s law are absorbed in a liquid, and this liquid is placed 
m conditions under which the pressure on the absorbed gases is reduced to 0, these 
pses esca^ in time completely from the liquid. This reduction of the pressure can 
be effected in many ways, either by actually removing all pressure, except that of the 
tension of the liquid, by evacuation under tho receiver of an air-pump : or by placing 
the saturated liquid in an atmosphere of a gas different from any of those absorbed, 
^hose volume maybe regarded as infinite as compared with that of the absorbed gases; 
w lasUy by bringing the liquid to its boiling point and continuing the ebullition, or 
^nat is the same thing, by passing a foreign gas or vapour through the liquid. In all 
mese cases, the absoiptiometric equilibrium is, after a certain time, established, and is 
.^*\dent upon the partial pressures. From these considerations we see how impos- 
■ible it is to keep a gae pure for any length of time when standing over a liquid in 
^hich it is eyer so slightly scduble ; thus, for instance, when Jiydrogen, one of the least 
*oltible of the gases, is placed oyer water, a continuous interchange between the air 
OBtsidcj and the Iwdrogen insidci goes on through the medium of the water, the hydro- 
po dissolving and then escaping into the air where the partial pressure on it w 0, and 
the air in ♦iv— . njj equilibrium in accordance with the 

this case only occurs when all the hydrogen has 


air in entering into t] 
is e^bliihed, whi< 


eseai 


3>«d and the yessel is fiUedlri^ kwi 
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This obmpleU mlnoTai of absorbed gases by ebullition, or by OQUl^, 
gas, docs not occur in the case of most of those which are retain^ 



p. 

a. 

P. 

a. 

P. 

G. 

0‘06 m . 

0*613 

0*30 m . 

0-738 

0*70 m . 

0*817 

0*10 

0-667 

0*40 

0-763 

0*80 

0*831 

0*16 

0*686 

0*60 

0*782 

0*90 

0*844 

0*20 

0*707 

0*60 

0 800 

1*00 

0*866 


0 ® C . 

grm . 

16 ° 

Rrm . 


grm . 

0-825 

0-742 

32 ® 

0666 

4 ® 

0-804 

20 ° 

0-721 

36 ® 

0*649 

8 ® 

0-783 

24 ° 

0-700 

40 ® 

0-633 

12 ® 

0-762 

28 ° 

0-682 

44 ® 

0*618 


with hydrochloric acid gas, loses on heating more gas than water, until 4 ^j^uin poin 
is reached, at which the gas and water distil over in constant propprtk>hs. Forthi 
ordinary atmospheric pressure, this constant ratio occurs at atempejratureof 110®, who 
the distilled liquid contains 20 2 per cent, of anhydrous acid; this ratio is, howeyei 
dependent upon the temperatoe ; when the temperature is diminished, the concen 
tration of the residual acid is increased. Hence, under ordinary pressures, a solutioi 
containing less than 20 per cent, of acid must become more concentrated when boiled 
and such is found to be the case, hydrochloric acid being in fact non-yolatile whei 
mixed with a certain quantity of water. ^ 

The solubility of hydrochloric acid gas in water at different temperatures, and un 
der variation of pressure, has been determined by Messrs. Roscoe and Dittmar 
(Ohem. Soc, Qu. J , xii. 128J. As might be expected, the amount of hydrochloric aci( 
dissolved increases but slightly with increase of pressure. The following table give 
the weight of this gas (G), which is absorbed by one gramme of water at 0® 0. 
the {»fessure (P) of mercuiy. 

P. 0. ^ 

1*10 m. 0’869 
1*20 0*882 

1*30 0*895 

The relation between the amount of dissolved hydrochloric acid gas and the tempe 
rature is seen from the appended numbers, giving the weight of gas absorbed unde: 
the normal pressure of 0*76 m. 

Rrm. 

48 ® 0*603 
62 ® 0*689 
66 ® 0-676 
60 ® 0*661 

Although not obeying the simple laws of absorption, hydrochloric acid gas does not, 
as Roscoe and Dittmar have shown, form any compounds with water which can be re- 
garded as definite hydrates, the amount of absorbed gas varying with eveiy change oi 
physical circumstance. Roscoe has also shown (Chem. lS)c. J. xiii. 146, and 
XV. 270) that the same law applies to the formation of all tho hydrated acids of con- 
stant boiling point, none of which can be regarded as definite chemical compounds. 
For ftu-ther information upon this subject we must, however, refer the reader to the 
original memoirs. 

Although gases, as a rule, increase in solubility with diminution of temperature, yel 
it is found in most oases that the whole of tho absorbed gas is liberated on the solidi- 
fication of the liquid. Thus when water freezes, the whole of the dissolved air escapet 
in bubbles ; and silver, which, according to Gtay-Lussac, absorbs when melted abonl 
twenty times its volume of oxygen, expels it on solidifjdng, giving rise to the remark- 
able phenomenon of the “ spitting ” of silver. In the case of the liquefiable gases, 
‘ however, such as carbonic acid, hydrochloric acid, and ammonia, no such expulsion oi 
the gas on solidification of the liquid has been observed. 

Many of the applications of these laws of absorption are both interesting and im- 
portant; thus, instances occur in which eudiometric analysis by itself is unable com- 
pletely to decide the composition of a gaseous mixture, as, for example, in the case oi 
a mixture of equal volumes of methyl and hydrogen gases, which we cannot distingulffli 
by combustion -analysis firom marsh-gas ; so that we are in uncertainty as to wl^ci 
the gas evolved by the action of a liydrated alkali upon an acetate is really 
or a mixture of hydrogen and methyl. In this case, then, ab8orptiometriC;det0lipp^ 
tions are of the highest value ; for in this way, by means of a single phtedi^ ea^ 
ment, we are able to solve this doubtfhl question. The considerations and theJIiKfip 
already given, generally developed in Bunsen’s memoir, render it 
late f]X)m'^the absorptiometric data, the composition of an unknown gasecku#;|i , 
that is to say, to* determine at the observed temp^atujro the 

. * The tapeur of wiit«r acta praclasly at a forelfn gaa would do In rediielsf 
: ImMo in all calculaUnna of the abi«)rptiqn-coolliclonta pfgatea in liquids detei 
^irafMnir of water preaqnt In the atmosphere of oUterwise pure gin exisetna above 
%jigdelit aliirelgh^^i^ which therefore alters the pretiore ota the absorned " 
lisa bssn attended to In but few of the cliemtcat detenninatioaa yet made oiF 
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"""’“O'-bed ««seB. If, then, with the data afforded hv 
gas of the acetates, the coefficients are calculated, on tho as- 
g«« of a mixture of equal volumes of hydroRen and methH 

tram of the eoeffleients has a negative value, instead of being equrf 
the sul|«f^he two numbers ^iven m the tables for methyl and hydrogen. If on 
the other hand, the calculation is based on the supposition that tlic g.w from the 
: acetaU* is not a mixture hut a single gas, the value found for the coefficient by calcu- 
■ lation IS identical with that determined for true marsh-gas at the observed tcmiiera- 
ture. Hence we may conclude that the gas prepared from tho acetates is neither a 
mixture of methyl and hydrogen, nor a substance isomeric with inarsh-UHs but that 
it is actually the same body that issues from the mud- volcanoes in the Crimea 
The same de^ee ^ uncertainty prevails respecting tho identity of chloride of methyl 
when prepared in different ways. Baeyer (Ann. Ch. Pharm. c. iii. p. 181) has, how- 
ever, lately shown that the substance prepared by heating cacodylic and hydrodiloric 
acids has exactly the same coefficient of absolution in water as the chloride of methyl 
prepared in the ordinary way from wood-spirit by chloride of sodium and sulphuric 
acid, whilst the solubility of the compound pepared by tho union of marsh-gas and 
chlorine in diffused light is totally different. Ilenco Baeyer concludes that the two first 
ar^ identical, and that these two are distinct substances from the third. [Bcrthelot^ 
^^wever (Compt. rend. xlv. 916), has mado other experiments from which ho concludes 
Ibis third substance is also a true chloride of metliyl.] 

Many other interesting deductions from, and abdications of, the laws of absorption 
have already been made, for the details of which wo must again refer to the original 
memoirs. Thus, by means of the formulse previously developed, tho composition of 
the gases absorbed in tho water of a mineral spring can bo calculated from the composi- 
tion of the free gas wluch escapes from the water, or vice versd In all cases, in fact, in 
which a statical equilibrium between the absorbed and free gases can occur, these cal- 
culations are applicable ; and in none more so than in the composition of the gases 
contained in rain and dew. The composition of the atmosphere we may take to be : 


Oxygen 20-9512 

Nitrogen 79-0073 

Carbonic acid 0-0416 


1000000 


From these numbers, and from the coefficients of the three ^es, Bunsen obtained 
by calculation tho following composition of the gases contained in rain-water. 



0 ° 

6 ° 

10 ° 

15 ° 

20 ° 

Nitrogen 

63-20 

63-36 

63-49 

63-62 

63-69 

Oxygen . 

Carbonic acid . 

33-88 

33-97 

34-06 

31-12 

34-17 

2-92 

2-68 

2-46 

2-26 

2-14 


100-00 

100-00 

100-00 

100-00 

100-00 


A very important extension of these laws of absorption has lately been made in an 
investigation upon the gases of tho blood carried out by Lothar Moyer.* This 
chemist collected the gases dissolved in tho blood by boiling tlie diluted blood in a 
vacuous space, according to the method described by Bunsen in his gasonietry, and 
liberated the portion of the carbonic, acid which is combined with the alkalis of the 
blood by adding tartaric acid to the blood before boiling. In 100 vols. of blood, 
Meyer found the following volumes of gas reduced to 0® and 0*76: 


Deicriptlon of 81ood. 

Free 

Gas. 

o. 

N. 

Fr«p 

CO« 

Combined 

C03 

Toti'l 

coa. 

34-23 

(2M0) 

26-26 

34-76 

19-21 

(21-66) 

Total vo- 
lume orgas. 

Carotid artery, Dog. No. 2. 

»» »» »i 

•• »» i» 2. 

' If »i »» 

^flbrinated blood shaken! 
«ir at 25® and 0-7463m. J 

20-88 

28-24 

26-50 

17-04 

12-43 

(3-79) 

18-42 

14-29 

11-56 

(6-81) 

2-83 
(2 94) 
4*55 
6-04 
4-40 
(*•12) 

6-62 

5- 28 

6- 17 
1-09 

23-75 

28-61 

20-97 

28-58 

18-12 

49-49 

(33-84) 

49-21 

54-08 

35-16 

(31-49) 


in Phil. Ms». (4) xl». M3. The origin^ memoir U round In Henid snd 
brllUlUr retlonelle Medicin. Nmw Folge. till. *6. 

3 r 2 
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In order to obtain the coefficients of absorption of dedbriuated bipod for Tiirioiu 
gases, Meyer employed an apparatus somewhat different from the one used by Bunsen. 
It appears from his experiments that the amounts of carbonic acid, oxygen, and nitm. 
gen absorbed in the blood, vary with the pressure, but that whereas the whole of the 
nitrogen obeys tiie law of natural pressures, only a portion of the carbonic acid and the 
oxygen does so ; that is, in the case of both these gases, one portion of the dissolvod 
quantity is more forcibly retained by the blood than the other, and is independent of 
changes of pressure, exactly as has been shown to be the case with chlorine and water 
The amount of this attached ox 3 ’geii is far larger than the truly absorbed portion ; and 
from these facts we may draw the interesting conclusion that the richness or povertv 
of a given volume of air in oxygen, at various heights above the sea level for instance 
can exert but a very slight influence on the total volume of oxygen contained in the 
blood, and therefore upon animal life. 

II. Absorption of Gases by Solids . — Porous carbon in the form of charcoal 
is the only solid substance whose coefficients of absorption for various gases have 
been determined with any approach to accuracy. From the experiments of Saussure 
made with the charcoal of box-wood, it appears tliat 1 volume of charcoal absorbs^ 
at 12® C. and under a pressure of 724 millimetres of mercury, the following volumes 


of gas : 

Volumet. Volnmei, 

Ammoniaeal gas . . • 90 Olefiant gas .... 36 0 

Hydrochloric acid gas . . 85 Carbonic oxide • . .9*4 

Sulphurous acid .... 65 Oxygen 9*4 

Sulphuretted hydrogen , . 55 Nitrogen 7*5 

Nitrous oxide ... * 40 Hydrogen • • • • 175 

Carbonic acid . • • • 35 


The absorption which several other solid bodies, such as g 3 rpsum, meerschaum, 
woods of various kinds, wool, silk, &c., effect upon gases has also been determined by 
Saussure, but from the indefinite nature of the suhstances operated upon, the numht'rs 
obtjiined have but slight interest. Later experiments of Favre (Compt. rend, xxxix, 
729) confirm Saussure’s results, in so far, at least, as concerns the order of solubility 
in which the gases are arranged. 

The coefficients above given represent the quantity of gas taken up by one volume 
of charcoal previously freed from any foreign gas absorbed in the pores. This puriti- 
cution of the charcoal can only be effected by a high temperature, for it has been shown 
that the simple removal of the atmospheric pressure by no means expels all the gas 
previously absorbed. Whether the whole of the absorbed gas is expelled at a red beat 
18 as yet an unascertained matter ; but it is known that much more gas is thus driven 
off than can be removed by the mere withdrawal of the atmospheric pressure, and 
hence we see that> at a high temperature, the attraction of the particles of solid and 
gas effecting the absorption is, if not altogether destroyed, at any rate much diminished. 
When a solid body is brought into an atmosphere consisting of a mixture of different 
gases, each one of the several gases will be absorbed in quantities dependent upon the 
relative amount of that gas present and its particular coefficient of absorption. Thus, 
for example, a piece of charcoal, or any other solid, exposed to the air, absorbs a defi- 
nite quantity of nitrogen, oxygon, carbonic acid, and aqueous vapour, which thus lose 
their gaseous elasticity or tension, become in fact solid, and can be removed only with 
great difltolty. Dr. II. Angus Smith has quite recently communicated the results of 
some experiments upon the solubility of certain gases in charcoal (Proc. Boy. Soc. xiu 
424), the most important points of which he summarises in the following sentences : 

1. Charcoal absorbs oxygen so as to separate* it from common air, or fix)ni its mix- 
tures with hydrogen and nitrogen at common temperatures. 

2. Charcoal continues the absorption of oxygen for at least a month, although the 
chief amount is absorbed in a few nours, sometimes in a few seconds, according to the 
quality of the cliarcoal. 

3. It does not absorb hydrogen, nitrogen, or carbonic acid for the same period. 

4. Although the amount absorbed is somewhat in the relation of the condensabuily 

of the gases by pressure, this is not the only quality regulating the absorption, of 
oxygen at least. , ^ 

5. When it is sought to remove the oxygen from charcoal by warmth, carbonic 

is formed, even at the temperature of boiling water, and slowly even at lower tcropc* 

• Although, from the complicated nature of the modifying <»ndidona, we 


eplid bc^es, still there are many interesting proofs of the exis^ce b* tlW 

tloxii eyen in fhA moa Af wIiasa {a ATnttll in onmnurittan With their 
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Thus fo' eMJnple, in the manufacture of exact barometers, great difficulty is experi- 
,„oe.l m sepMHtmg from the ,„tenor of the tube the adhering or absorbed air, 

■ if not completely expelled, gradually resumes the gaseous condition, and entering into 
the Torricellian vMuiw, renders the instrument incorrect. Thus, too, in the chemical 
photometer used by Bunsen and Roscoe, in whicli a perfectly pure mixture of equial 
volnmes of chlorine and hydrogen is employed as the sensitive substance, the only con- 
ceiviible reason why the chlorine and hydrogen must be passed for several days thi-ouidi 
the apparatus before the maximum and permanent degree of sensibility is reached is 
that the oxygen and nitrogen absorbed by the glass is expelled with the greaiest diffi. 
cnlty, and that (as proved by direct experiment) the most miniitt^ trace of foreign gas 
di,Mturba the action of the light to an immense exttmt. Similar effects produced by tit o 
layer of air which covers all solid bodies are well known to photographers, who caiv- 
iVlly guard against the presence of this condensed atmosphere, removing it’ by mecha- 
nical means immediately before the plate receives the sensitive coating. Almost the 
whole of the singular phenomena, first investigated by Moser, and ascribed by him to 
tlie action of “latent light,’* may bo more rationally explained by the application of 
the anthcnticated facts of the absorption of gases by soli<l bodies. The welJ-knowii 
experiment, for instance, of allowing a coin to remain for a short time on a freshly 
elcnued and brightly polished motallie plate, when, on removing the coin and breathing 
on tlie plate, the image is jdainly seen, depends upon the ab.sorptive action which the 
newly cleaned surfiice of the plate exerts upon the condensed gases of the coin ; if the 
eiirface both of the plate and of the coin be equally saturated with gas no such imago 
will be .perceived, and if both bo equally free fi*om any condensed atmosphere, the same 
negative result will be obtained. 


Many of the eo-04illed “catalytic” actions which various metals produce upon gases 
may also bo explained in a similar manner. The effect which finely divided platinum, 
or even a clean plate of that metal, exerts in producing the combination of oxygen and 
hydrogen, doubtless depends on the absorption of these gases on the surface of the 
platinum, the consequent approximation of the gaseous particles being sutficient to 
induce their chemical union, thus evolving heat enough to cause the comitustion of the 
siirromiding gas. The most definite, and therefore the most intere.Hting, experiments 
on this subject have been made by Magnus (Vogg. Ann. Ixxxix. (504 ). He has not 
oidy sliown that, owing to the absorption of ga.ses by solids, the coefficients of expan- 
sion of ga.sos by heat differ when the extent of surface of the v(‘.ss<d in which they are 
confined is altered, but ho has actually determined the quantify of gas absorbed by a 
ti<iuare millimetre of glass. Thus in two vos.sels, tlu' ndation of whose surfaces (the 
capacity being tlio same) was as 1 to 36, the coetlicicntH of (‘Xpnnsion of sulphurous 
tn id from 0° C. to 100° C. were 0*3822 and 0-3896 respectively, or the amount of sul- 
plniruus acid absorbed on each square millimetre of surfiice was 0-0008 cubic millimetre.* 
The same result was obtained when spongy platinum was placed in the gas : without 
tpougy platinum the coefficient of expansion of sulphurous acid was found to be 0-3832, 
and in presence of the finely divided metal, 0-3922. It is more than probable that in 
hegnault’s classical researches upon the action of pressure on gases, a portion of the 
deviation which in every case was observed from the law of Marriotte, was clue to this 
condensation of the gas upon the surfaces of the enclosing vessels. In the exact deter- 
mination of gaseous specific gravities, these absorptive phenomena also exert a disturb 
ing influence. H. E. 11. 


OAS2S, COUBCTXOfr PRSSSBVATZOZr OF. There arc thrna 

general methods of collecting gases, the choice between which must depend upon the 
manner in which the gas is generated, and the degree of purity rcjquired by the use to 
which it is to be applied. 

1. T€C(^tion in an esrhausted vessel. — A vessel of glas.s or metal, provided with 
a stopcock, is exhausted as completely as possible by the air-pump, and then connected 
with the reservoir containing the gas. 

This method is not of very frequent application, partly because it requires somewhat 
complicated apparatus, and partly from the impossibility of c)l)taining a complete 
vacuum with the air-pump. Wlion, however, the sufqdy of gas is unlimited, as when 
**amples of air are to be collected from different localitie.s fbr .analysis, it answoi-s ^ery 
v^cll; because the vessel, after having bpei\once exhausted and filled with the gas, 
joay be exhausted again and pe-filled, and this operation repeated till every trace of 
the air originally contained in the vessel is removed. . n « i . 

A method similar in principle, and often very convenient, especiHlly for lecture 
experiments, is to collect the gas in a bladder or caoutchouc bag, provide with a wop- 
cock, and previously emptied of air by pressure. liurger quantities of g^, such as 
we required for the oxy-hydrogen blowpipe, may be collected in large linen bags 
«oated on both sides with caoutchouc. The bags when full are connected by fleniWn 
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tubes with the nozzle of the blow-pipe, and tlie gases are pressed out by laying weigb 
ttpon the bags, placed for the purpose between boards. ^ 

2. By dispUuoem&nt of the air. — ^To fill a vessel in this manner with a gas heuTit 
than the air, such as chlorine, hydrochloric acid, or carbonic anhydride, the deliveiy-tut 
proceeding from the generating vessel is made to pass down to the bottom of tlie receive 
placed with its mouth upwards. The gas then gradually fills the vessel, driving oi 
the atmospheric air at the top. The operator judges when the vessel is full of gas, i 
the case of chlorine, by the colour ; in the case of acid gases, by the reddening of litiJn 
held over the mouth of the vessel ; and in the case of carbonic anhydride, by the rapi 
extinction of a lighted taper held there. For gases lighter than air, such as hydroge 
and ammonia, the generating vessel is fitted with an upright delivery-tube, and t)ie vesH( 
in which the gas is to be collected is inverted and held over it, with the end of tli 
delivery-tube reaching quite to the top of the vessel. This method is especially con 
Tenient for collecting hirge quantities of gases which are quickly absorbed by watej 
or when a considerable quantity’ of gas is required in the dry state, 
i 3. Collection over liquids. — Tlie mode of collection which is applicable in th 
greatest number of discs, is to receive the gas over a liquid which not absorb it 
the liquids most frtKpiently used for the purpose being water or mercury, A jar o 
bottle is filled with the liquid and inverted in n trough of the same, and the end of tin 
delivery-tube proceeding from the gas-generating appsiratus is inserted beneatli ihi 
mouth of the jar, so that the gas may rise in bubbles through the liquid, displace it 
and fill the vessel. The method is too well known to neeil more particular description 
If a gas not absorbed by water is to be kept, it is collected in a bottle in the mannc] 
just indicated, anrl the bottle, when nearly full, is closed, while still standing in tlu 
trough, with a cork or ground stopper, then placed with its mouth downwards in r 
small basin containing sufficient water to cover the mouth. Or the bottle may h 
quite filled with the gas and closed with a greased stopper, afterwards tied down ; oi 
with & closely-fitting c<:>rk, which is afterwards cov(‘red and fastened dowm with sealing- 
wax, or tied round with bladder or sheet caoutchouc. 

The methods of collecting and transferring gases over the mercurial trough foi 
eudiometrie analysis are described in the article Analysis of Gases (i. 268). 

An excellent substitute for a mercurial, and even for a water trough, in manj 

experiments, is the instrument known iw 
Cooper's Ttiercurial receiver. It consists of a 
glass tube, a, h {fig. 610), closed at one end 
and bent upw^ards. It is filled with incrcnrj 
by inverting it and pouring in the mer- 
cury at h. On again inverting it, as in 
the figure, the mercury is retained in the 
tube by the pressure of the atmosphere. 
On inserting the deliveiy-tubo at h, gan 
enters and displaces the mercury, winch is 
received in the b.asin c. The opcnilion 
must be stopped when the tube is filled 
with gas to the bend. 

The apparatus affords great facilities for 
making a number of experiments on a small 
quantity of gas ; for by placing the thumb 
ou the end 6, and inclining the tube so as 
to allow a little of the gas to flow round 
the bend into the short arm, it may he 
examined as to its chemical or physical 
characters, such as smell, inflammabiliy, 
reaction with test-papers, &c. (GreviUe 
] Williams's Chemical Manipvlatkmt p. 
320.) 

For collecting and preserving large quantities of gases not absorbed by water, T«weJ« 
called gas-holders or gasometers are frequently employed. The most conveniont 
form of gas-holder is that invented by Pepys, and represented in fig. 611. It consists 
of a drum or reservoir, a, of sheet copper, surmounted by a shallow trough or cistern, 
B, the communication between the two being made by a couple of tubes fbmished with 
eockB, g, one of the tubes passing nearly to the bottom of the drum. A short wide open 
tube, tt is inserted obliquely near tbe bottom of the vessel, into which a plug may be 
tightly screwed. A glaM water-gauge, e,/, affixed to the side of the ditnp, and com- 
municating with both top and bottom, indicates the level of the liquid within. 
th^ies a divided scale is attached to this tube to measure the in- and out-fbw of the g«a 
To use the gas-holder, the plug is first to be screwed into the lower opening, an® 


Fig. 610. 
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{I,, drom comi^dy Med with water. All three stopcocka are then to ho dosed, and 
tlie plug removed. The pressure of the atmosphere retains the ana 

water in the gas-holder, and if no air-leakage occurs, the 
escape of water is inconsiderable. Tlie extremity of the deli- 
^eiy.tube is now to be well pushed tlirough the open aperture 
into the drum, so that the bubbles of gas rise without 
hindrance to the upper part, displacing the water, which 
flows out in the same proportion into a vessel placed fo • its 
reception. When the drum is filled, or enough gas has bet n 
collected, the tube is withdrawn, and the plug screwed into its 
place. 

When a ^rtion of the gas is to be transferred to a jar, tlie 
latter is to ne filled with water at the pneumatic trough, carried 
by the help of a basin or plate to the cistern of the gas-holder, 

uiul placed over the shorter tube. On opening the cocks of III r[| V ^ 
l>oth tubes, water will flow down the longer tube into the 
drum, and force the gas through tho shorter tube info the 
jar. The vessel when tilled may again have the plate slipped under it and removed 

This gas-holder is very convenient for passing a stream of gas over any substance 
oontiiined in a tube or other vessel, as in experinienls of oxidation and rediielion. For 
this purpose, the vessel containing tlio siib.staneo to be operated upon is connect t^d 
air-tight with the cock c of the gas-holder, and the cocks c, g aro opened. I'he pnrssnre 
of the water then forces the gas through tlie tube. In tlie same manner a bladder 
may be filled with gas by attaching it to t he stopcock c. If great pre.s.siiro is required, 
u long tin tube, terminating in a funnel, may be screwed into tlie upper end of the 
lung tube of the gas-holder, and water pioured in at the funnel. 

The ga.s-holder may also bo used as an aspirator, by filling it with water, closing the 
TOcks g, h, connecting tho vessel through wliich the air is to be dniw n with the cock' 
au<i opening tho plug. The water then runs out, and its place is supplied by air. 

Another form of gas-holder or gasometer, more used in mannfael uring operations than 
in tho laboratory, consists of two metal cylinders, (fig, 512) one iiivertod within the 
other, which contains w'ater. The inner cylinder a is 

counterpoised by weights, w, passing over pulleys, so Fig, 512, 

that it will easily move upw’ards when pressed from 
below. A metal tube, ede, provided writh a stopcock, 

^ passes through the side of the outer cylinder close 
to the bottom, then vertically upwards to within a 
short distance of the top of the inner cylinder when 
in its lowest position. 

To use this apparatus, the stopcock s is opened, the 
inner cylinder depressed to its lowest position, and 
water poured into tho outer vessel till it fills the inner 
one, driving the air before it through tlie open tube. 

The outer extremity c of this tube being then con- 
nected with the deliveiy-tube proceeding from the 
generating vessel, the gas enters, passes upwards, and 
pushes up tlie inner cylinder, which is thus gnidually 
rai.sed to its highest position, and filled with gas. 

The stop-cock is then closed. To transfer the gas, a 
delivery-tube is attached to the end c of the tube ede, 
the stopcock is opened, and a portion of the weight 
which counterpoises the inner cylinder is removed. 

This cylinder then descends by its own weight, driving 
the gas before it through the tube ede. The flow may 
be made slow or rapid by removing less or more of 
the counterpoise. 

This form of gas-holder is equally convenient with that of Pepys for posing a 
‘continuous stream of gas through a tube or A’essel ; but it does not afford the same 
facility of filling jars or bottles with gas. r a 

b or figures of the large gasometers used in gas-works, see Ure a Dictionary oj Ar , 
art. Coal-Qas (i. 749-763). , v i ^ ^ i 

. Gases required to be preserved in a state of purity must not, however, he left stana- 
*ng over water; for water absorbs the gases of the external atmosphere, and these dis- 
wired gases afterwards diffuse themselves into the gas standing over the water (p. 801 ) , 
jaopoover, as aU gases are more or less soluble in water, each to an extent Pe^uhar te tsdf, 
the composition of a gaseous mixture standing over water, necessarily undergoes altcra- 

t»on in course of time. 
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To avoid this source of error, and at the same time to obtain an apparatus irliich 
givt'8 facility for withdrawing successive samples of a gaseous mixture for examination 
Bunsen has contrived the mercurial gasometer represented in fig, 613. Its construe’ 

tion IS exactly similar to that of the com- 
mon gasometer last described. The outer 
cylinder, oa, is filled with mercury, andtlie 
bell-jar, 66, can be moved up and down in 
it by means of the holder c. The delivery 
and exit tubes, e, e\ are bent in the V shape, 
and pass under the bell-jar ; to the outer 
end of each of them is attached a caout- 
chouc tube, rf, d\ within which is placed a 
small piece of glass-rod, fitting it loosely, go 
as to afford eai^ passage for a gas, but 
forming a perfectly air-tight joint when 
the caoutchouc tube is tied round it with 
a silk cord. When the bell-jar is to he 
filled, it must bo sunk as far as possible in 
the cylinder a a, care being taken that the 
tubes c, e\ do not dip under the mercury. 
As soon as the air has been completely 
displaced by the current of gas, the valve d 
is closed, the bell-jar drawn out of the 
mercury as it fills, and when this is accom- 
plished the valve d* is also closed. To take 
a sample of the gas thus collected, a capil- 
lary gas-delivery -tube,/, filled with m creiiry, 
is fixed air-tight into the closed caoutchouc 
valve df and the end of the delivorj^-tnl e 
being placed under the vessel to w'hicli tlie 
gas is to be transferred — a endionieter, for 
example — in the mercurial trough, tlio 
valve d is slowly opened ; the bell-jar then 
descends by its own weight, and forces the 
gas through the tube. 

If the nature of the investigation requires the transference of a given volume of gas 
without loss, the vessel represented in figs, 37, 38, 39, (pp. 243. 244, vol. i.), or one of 
similar construction, but with a cylindrical body and having a divided scale marked on 
ity may be used. (See Jitmseii's Gasovutrg^ p. 20.) 

Preservation of gases in scaled tubes . — In researches on the nature of the gases 
evolved in manufacturing operations or from natural sources, such as v’olcanic fissures, 
clefts in mines, spring-waters, or samples of air from particular localities, it is fre- 
quently necessary to keep the gases for some time, and transport them to a distance 
before they can be analysed ; and the only way of securing them absolutely from altera- 
tion, or from admixture with air, is to receive them in vessels which can be hernicti- 
cally sealed. Bunsen has contrived for this purpose a number of higlily ingenious 
methods, which are fully described in his ** Gasometry.” 

If the gas issues under pressure, a number of tubes 6^ or 6 inches long, 
f of an inch wide, and drawn out at each end, so as to be quickly and easily sealed by 
the blowpipe, are connected together by caoutchouc tubes, and the gas is made to flow 
through the whole arrangement long enough to drive out all the atmospheric wr. The 
outer extremities of the first and last tubes are then sealed by the blowpipe ; anerwaros 
the necks of the intermediate tubes in succession, so as to separate them, and enclose 
K quantity of the gas in each. It was by an arrangement of this kind that Bunsen 
collected the gases from blast-furnaces for analysis. A wide wrought iron tube, co^ 
sisting of several pieces screwed together, was sunk in the fbrn^e, and the g^es, row 
through it by the blast, were conveyed by a flexible leaden pipe into a senes of glas® 
tubes connected as above. ^ ^ .i j y fl 

If the pressure under which the gas issues from its source is not sufficient to ^ 
it through the series of glass tulies, it must be drawn through them ^7 
s^nge or an aspirator. This is sometimes the case with the gas which 
clefts in coal strata or from volcanic Assures. To collect such miees, the 
row tubes is connected at one end with a long wide tube of lead or ^lass, which can 
inserted into the fissure, and at the other end with the syringe, which is woAea i s 
enough to ensure thb cbmplete expulsion of atmospheric air from the appa^t®®* 
tubes are then s^ed and asparated as before. , «ii the 

For collecting gases in situations easy of access, as for instance in research^ on 


Pig, 613. 
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KTnpoBitJon of the atmosphere, or of the air of mines and eaves > a i. e 

opacity of from 2 to 16 ounces, and having its neck drawn out * 

tl» distance of } of an inch from the mouth, may be used To fill tl,f, 
piseous mixture of the locality the air is s,,ckj out of il through a To^^ mb^raac r 
i„g to the Imttom, five or six deep inspirations being sufficient for the purZ^ i^m 
which, the flask IS closed with a cork, and the neck sealed by the blowpFpe fZ; 

toes evolve <mder water, hke marsh-giu, from stagnam pools, or’the Zes'from 
springs, ^y be collated by means of the apparatus repreLnted in A,® 6U S 
ronsistsof a small test-tube hamng a capacity of 40 fo eOciihic eentimefresdraZ out 
before the blowpipe at « to the thickness of a straw, and fixed by a cork or a vulea ised 
caoutchouc tulie to the funnel *. Insteiul of the test-tube, a small long-uecked flask mav 
be used, hanng its neck similarly drawn out before the blowpipe. The apparatus is first 
filled with the water by immersing it with the mouth of tlie funnel upwards • but ns 
the water is thus brought in contact with the air, which will alter the composition of 
the gases absorbed by the water the water must ho sueked out of the apimratmi 
through a small tube reaching to the lowest part, till the whole has been displaced by 
other water trom the spring. The apparatus, may then be inverted, and the gas suf- 
fered to rise into tho tube. If the bubbles stop in the nock of the funnel or in the 
narrow part of the tube, they may be made to ascend by topping the edge of ’the fminel 
against any hard substance. 

When the tube is fuU of gas, the apparatus may be removed from the sprine by 
moans of a small basin, and the tube melted off at a by the blowpipe, tho moisture at 
that part having been previously expelled by the flame. Tlie column of water wliich 
rises in tlie funnel above the level of tho water in tho basin, renders the pressure on 
tho gas less than that of the atmosphere ; hence no bulging of the tube can take place. 
(Bunsen.) ^ 

514. r)15. 



Another way of mounting an apparatus for collecting gases from springs is that 
adopted by Hofmann in the examination of the Harrogate waters (Chem. ^^c. Qu. J. 
vii. 169). In this apparatus 515), the tube, narrowed in one part, a, as above, is 
supported on an iron tripod and fixed by means of a strong caoutchouc connector 
into a large perforated wooden float, the lower surface of which is hollowed out so 
an to collect the gas-bubbles, and cause them to ascend into the receiver, which is filled 
with water at the commencement of the operation. As soon as the receiver is filled, 
the caoutchouc connector is closed by means of a screw-clamp, and the receiver is dis- 
^^*ui<‘cted and sealed befoi'e the blowpipe. For the method of collecting the gases 
dmolved in waters, see Waters, Mineral. 

OASaSy OOMSXMTATXOar ox*, BT voainicxi. The specific gravities of 
elementary bodies in the gaseous state are to one another, for the most part, in ^ the 
ratio as their atomic weights ; thus the volume which corresponds to any given 
quantity, say 1 gramme of hydrogen, corresponds also to 14 grammes of nitrogen, 16 
^Pammes of oxygen, 32 grammesof sulphur-vapour, 36*5 grammes of chlorine, 80 grammes 
uf bromine, and 127 mmmes of iocfine, so that the specific gravities, op weights of 
<^ual Tolumea, of these elements in the gaseous state, referred to hydrogen as unity, 



810 GASES— COMBINATION OF, BY VOLUSIE, 


are expressed by the same numbers as their atomic weights ; and the symbols H, K, 0 
Cl, Br, &c., which represent the atomic weights, likewise represent equal' volumes of 
the several gases. 

The exceptions to this law are the following : — 1. The specific gravities of phpg. 
pliorus and arsenic in the state of gas or vapour are twice as great as their atomic 
weights (P » 31, As » 76), so that their atoms in the gaseous state occupy only lm}( 
the volume of an atom of hydrogen To bring these elements under the general law 
it would be necessary to double their atomic weights, to which, however, there m 
grave objections, 

2. The vapour-densities of mercury and cadmium accord with the atomic weights 
given in the table at page 465, vol. i. ; hut if the atomic* weights of these elements 
are doubled, for which there appear to be conclusive reasons (see CLASSincAnoit. i, 
1008, footnote), their atoms in the gaseous state will occupy twice the volunjo of an 
atom of hydrogen. The duplication of their atomic weights would, in fact, bring these 
metals into accordance with the majority of diatomic radicles, the atoms or smallest com- 
bining weights of wliich occupy, in the gaseous state, twice the volume of thosa 
of monatomic radicles* ; e. g. 


Monatomic radiclec. 

1 At. es ^ molecule =3 1 vol. 

H 

CH‘ 

C*H» 

C*H’ 

&c. 


Di itomic radiclei. 

1 at. aa I molecule =r 2 Tol. 

Cd" 

w 

&c. 


Prom tho preceding relations, it follows that the volumes of any two elementary 
gases which makeup a compound molecule, are to one another in the same ratio as tk 
numbers of atoms of the same elements wliich <anter into the comjx>und, excepting in 
the case of phosphorus and arsenic, for which the number of volumes thus cletcrniliipd 
has to be halved, and of mercury and cadmium, for which it should probably be doubled : 


The molecule HCl 

contains 

1 to], H 

and 1 Tol. Cl. 


H’O 

»» 

2 „ H 

1 „ 0. 

it 

H*N 

»» 

3 „ H 

1 N. 

it 

H»P 


1 3 „ H 

or 6 „ H 

„ 1 P. 

i» 1 »» P* 

it 

Cl*As 

• 1 

i 3 „ Cl 
or 6 „ Cl 

» i >1 As. 
» 1 » As. 

It 

Hg"a* 

»» 

2 „ Hg" 

„ 2 „ Cl. 


If the smallest volume of a gaseous element that can enter into combinatiou be 
called the combining volume of that element, the law of combination may be expressed 
as follows ; — I'he combining volumes of all elementary gases are equal, excepting those 
of phosphorus and arsenic^ which are only half those of the other delimits in the 
gaseous state, and probably also those of mercury and cadmium, which are doullc 
those of the other elements. 

It will of course be understood that the law, as thus stated,' is true only for tbe 
atomic weights adopted in this work ; according to the older system (that of Gindins 
Handbook), in which the atomic weights of oxygen and sulpliur have only half tbe 
values here adopted, the combining volumes of those elements are likewise equal to 
those of phosphorus and arsenic. 

But whichever system of atomic weights be adopted, the volumes in which gaseous 
elements combine together may be expressed by very simple numbers. This it> the “La^ 
of Volumes," first observed by Humboldt and Gay-Lussac in 1805, with regard 
to the combination of oxygen and hydrogen, and afterwards established in other cases 
by Gay-Lussac, whose observations published in his Theory of Volumes "f, shortly 
after the announcement of the Atomic Theory by Dalton, afforded new and independent 
evidence of the combination of bodies in definite and multiple proportions, in corrobo- 
ration of that derived from the observed proportions of combination by weight. 

Gay-Lussac likewise observed that the product of tho union of two gases, when 
itself a gas, sometimes retains the original volume of its constituents, no contractaon 
or chan^ of volume resulting from the combination, but that when contraction tajc<< 
place, ^icb is the most common case, the volume of the compound gas always bears 
a simple ratio to the volumes of its elements. 

^ If this be reAllj the i^nersl 1a« ot the iripour-volamef ot diatomfc ridicltf, the (demeoti 0, S, 
AihI Te, whofe TApour-voluinet accord with that of hydrogen, tniut bo regarded at exceptional* ^ 
t •* 8str ta cembinaitoH det tuMancts gaatemst ks uses uses let atOret.^r^ Mdmolrei d’ArcaeU. »• 
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Snlbsequent observntion extended over a reiy large number of compounda, onmnic 
, ^11 as morale, has ^own that, with a few exceptions, probably only apparent 
he moleenlM of compound bodies in the gaseous state occupy twice the TAnmo of an 
tom of hydrogen gas. No mutter what may be the number of atoms or volumes that 
Dter into the compound, they all become condensed into two volumes : thus 


vol. 


3 


vol. Cl form 2 vol. 

» O 2 „ 

” 2 ^ » 

,f N ,, 2 ,, 

ti P »* 2 ,, 


HCl. 

NO. 

H*0. 

JVN, 

H»P. 


vol. C»H»C1. 

„ C*H^CP. 
„ C-H^O. 


H and 
N 
H 
H 
H 

Similarly in the union of compound gases, e, g, 

1 vol. ethyl, C'**!!* and 1 vol. Cl form 

2 „ ethyl, C H“ „ 1 „ O „ 

2 „ ethylene, C^H^ „ 2 „ Cl „ 

2 „ ethylene, C*H^ >♦ 1 ,♦ O „ 

/ Hence it follows that the specijic gramty of any compound gas or vapour ^ rtf erred 
to h/drogen as uniiy^ is equal to half its nwUctdar weight. 

The exceptions to this law havo already been considered in the article Atomic 
Wrights (i. 467-470). Those in which tlie observ'ed vuponr-donsity is less than that 
(Iftennined by calculation, according to the rule just given, may bo explained by snp- 
ptising that, at the high temperature at which the specific gravity of the vaixair is 
determined, the compound molecule splits up into two ol hoi’s, e.g. N}l‘CT into Nil* + 

HCl (which subsequently recombine, as the temperature falls), so that we are rt'ally 
operating, not on one compound molecule, but on two of loss comploxity, whonco tho 
ol>sorved density corresponds to four volumes of vapour instead ot two. Tlie validity 
of tliis expilanation has been experimentally dcnionstruted in the case of hydrate of di- 
(tliYl-ethylene-diuinine, by Hofmann (p. 688); and the exporiinents of 

l*(‘hal on sal-aminoniac, and of Wanklyn and Robinson on monoliydrated sulpliuric 
aoidand pentachloridc of jihosphoms, wdiich will bo dcseribed liereaftcr (p. 817), point 
to the same conclusion. On the other hand, the recent experiments of Devi lie and j 
Troost (Ann. Ch, Pharm. cxxvii. 274) throw considerable doubt upon the reality of Jjr 
tlu‘.se supiposed d(?compoailions and recompositions, at least in the case of ammonia-^ 
salts. These chemists find indeed : 1. That sal-ammoniac boars without decomposition 
a temperature at which free ammonia is in groat part resolved into its elements, and 
that when the heat is raised high enough to decompose tho sail, the result is a mixture 
of liydrochloric acid, hydrogen, and nitrogen; moreover, a mixture of these three gases 
I'.isscd through a tube heated to dull redness, does not form sal-ammoniac. Bromide 
and iodide of ammonium yield similar results. — 2. Cyanide of aininonium, which is 
]'!odnced at 1000° C. by the action of ammonia on charcoal, cannot he resolved into 
j'l’iissic acid and ammonia at 100° C., though at that temperature its vaj)Our-dcnsity 
(Mrreaponds to a four- volume condensation. — 3. Hydrochloi’ate of ethylnmine is not re- 
solved by heat into ammonia and chloride of ethyl ; neither can it be produced by the 
direct union of those two gases. 

With regard to those cases in which the observed density of the compound gas or 
vapour is greater than it should be according to calculation, it has been found that 
f^oine of tho exceptions arise from the vapour actually exliihiling a greater density at 
temperatures not far above the boiling point of the liquid, than at temperatures high 
enough to tiring it into that state in which its physical properties agree in all ^spects 
>vith tlioso of permanent gases. This has long been known to be the case with 
acid and a few of its homologuos, viz. formic, butyric and valerianic acids, and the 
f'ame anomaly has recently been demonstrated by Playfair and Wanklyn (Cncin, 

•Soc. J. XV. 166), in the case ofpemitric oxide, NO*, which at 97 'd® C. h^ a density o 
1-783 (air ^ 1) whereas at 24*6° it is 2*52, and at 11-3°, it is 2*69. The firstof these 
densities corresponds nearly with the formula NO* the latter approximates to that 

required by N*0^ : for NO* gives ~ * 0 0693 = 1 -593 ; and N'O* gives - x 0 0693 

- 3188. Hence it would appear that, at all the temperatures ved the g^ is a 
hnxtiire of two polymeric compounds, and at 100° C., or above, it co ... 
hiost part of NO*. 

The vapour-densities of mercuric chloride, ctbylide of meTCury, ^ m” wore- 
^othylide of zinc, which corre^nd to 1 vob of vapour of 
*«ntedbytheformul»HgCl,C*tfHg, C*H»Zn, CH*Zn, i^srectively. 
correspond to 2 vols. if atomic weights of mercury and zinc we dou d. 


^^.jjrally done, and these molecules are 
C‘U‘'Hg" C‘H"Zn'', and C«H*Zn". 
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OASBB, BXFl^BZOir OF. All ^ees, even when under existing circumstsinc 
they do not enter into chemical combination, yet diffuse themselves through one aiiothi 
and form a uniform mixture, though their specific gravities may be very different ail 
they may be kept externally at perfect rest. If, for example, two bottles be connectf 
by an upright glass tube, 10 inches long and inch wide, the upper Ixittle being fijjt 
with hydrogen, nitrogen, nitric oxide, or common air, and the lower with the heavier 
carbonic anhydride, or the upper with hydrogen and the lower with common air, nijr, 
gen, oxygen, or nitric oxide, a portion of the heavier gas will after a few hours be four 
in the upper bottle, and after two or three days both bottles will contain the two gus 
in the same proportion (Dalton, PhiL Mag. xxiv. 8). The same result wtis obtaiuf 
by Berthollet (M6m. d’Arcuoil, ii. 463) with a tube 10 inches long and i of * 
inch wide, placed in a cellar where no change of temperature could take place to h 
the gases in motion. When hydrogen w'as the gas contained in the upper vessel, tl 
two gases were found to be uniformly mixed in 12 days ; but when air, oxygon, i 
nitrogen was contained in the upper vessel and carbonic anhydride in the lower, sever 
weeks elapsed before the mixture became perfectly uniform. 

If a cylinder filled with any gas and jilaced in a horizontal position be made 
communicate with the external air by means of a tube bent at right angles, the end 
the tube being directed downwartls when the gas is lighter, and upwards when it 
heavier than the air, the gas will gradually escape from the cylinder, its place beii 
supplied by the air. According to Graham, 

Of 100 volumes of gas there disappeared : 


Sp. gr. 
1 

Hydrogen .... 

Ill 4 hours. 

. 816 . 

In 10 hours. 

. 94-5 

8 

Light carburotted hydrogen . 

. 43*4 . 

. 62*7 

8-6 

Ammonia .... 

. 41*4 . 

. 59*6 

14 

Olefiant gas .... 

. 34*9 . 

. 48-3 

22 

Carbonic anhydride 

. 31*6 . 

. 47 0 

32 

Sulphurous anhydride . 

. 27-6 . 

. 460 

35-4 

Chlorine .... 

. 23*7 . 

. 39*5 


From this it appears that gases escape the more quickly tho lighter they arc; ai 
their expansive power, or varies nearly in the iiivei*se rat io of the wjiia 

roots of their specific gravities. Thus 47 measures of hydrogen escapiul in two lioui 
and the same volume of curhonic anhydride in 10. Now this proportion of 1 : 5 
nearly that of tlio square root of I (spec. grav. of hydrogen) to the square root of 1 
(spec. grav. of carbonic anhydride). 

If the cylinder contains a mixture of two gases, the more diffusible of the two wi 
escape in greater proportion into the air, and the less diffusible in smaller proportio 
than if each gas were contained in the cylinder alone. Thus, of 50 measures of hydr 
gen and 60 of olefiant gas, there escape in 10 hours 47'7 measures of the former ai 
12'6 of the latter: similarly 47 measures of hydrogen and 20 of carbonic anhydridi 
though in these cases the opening of the bent tube is directed downwards : furtlu 
in 4 iiours there escape 26-8 vols. of marsh-gas and 12*5 of carbonic anhydride; ali 
22*8 of marsh-gas and 18-6 of olefiant gas. If two bottles be connected togetb 
by a tube placed in a vertical position, tho lower bottle being seven times as largo i 
the upper and filled with carbonic anhydride, while the upper one is filled with 
mixture of hydrogen and olefiant gas in equal volumes, the upper vessel will, after 1 
hours be found to contain, besides carbonic anhydride, a quantity of olefiant gas whci 
volume is 4 times as great as that of tho hydrogen still remaining; the hitter hi 
therefore, in spite of its greater levity, diffused itself through tlie lower vessel wil 
greater rapidity. (Graham, Qu. Jour, of Sc. vi. 74.) 

In the same manner also vapours diffuse themselves through one another ai 
through the more permanently elastic fluids. 

When different elastic fluids have once diffused themselves uniformly throiigh oi 
another, they never separate again according to their different specific gravities, i 
however long a time the mixtiure may bo left at rest. 

So great indeed is the tendency of gases to diffuse through one another, that tn 
mixture or interdiffusion likewise takes place when the gases communicate wil 
each other through minute pores or apertures of insensible magnitude. Pries tie 
{Kxp. and Obs, on different kinds of air, iii. 29), in transmitting gases through ston 
ware tubes surrounded by burning fhel, observed that the tubes were porous ai 
that the gas escaped outwards into the fire, while at the same time the gases fro 
the flare penetrated into the tube, even though the gas within the tube wi 
in a compressed state. Dobereiner in 1825 made the remarkable observation thi 
hydrogen kept in a cracked glass receiver standing over water escaped^ by degre 
throng the crack into the surrounding air, the water under the receiver rising to tl 
height of about 2J inches above the outer level. Tho remaining hydrogen contain 
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,V the fissuro, without a certain portion of air penetrating inwards • in S tha wdl’on 
.mlwgen gaa communicate*. witCi air through auch a chink, the ’air and hydroaen 
exlnlnt a powerful diyosition to change places, a particle of air however exchaSntf 
,.|,h a particle of hvdropn, not of the same, but of 3-83 times its own maj^ Se^ 
A„,i by extending the observation to different gases, with an instrument admittinrof 
««-t measurement of the rate at which the interchange took place, it was found that 
,1„. difius.on of g^es through porous septa is regulated by the same law as when thev 

emmumcato freely with one another, namely, that relative diffmibiliiies are in- 

nrsrh/ as the square roots of the densities. 

The instrument with which these obsoiwations are made is called a diffusion- 

t«be or diffusiomoter. It consists of a glass tiibo, nearly an inch in diameter from 

bix to fourteen inches long, open at one end, and having tlie other end closed by a thin 
,li:ipliragm of some porous substance. The material originally used was gypsum 
M liit h was applied by thrusting into the tube a cylinder of wood of somewhat smaller 
(Uaineter, so as to occupy the whole of it with the excerption of about a fifth of an inch 
which space was then fiUed with gypsum-paste, of the consistem^c commonly used for 
taking easts. The plaster seta m a few minutes, and, on withdrawing the woo<len 
cylinder, forms a receiver closed by an immovable plate of .stucco, which, though air-tight 
ill the wet state, is permeable to gases when dried by exposure to tlic air for a day^ 
MHien such a diffusion-tube, ten inches long, is tilled with hydrogen over mercury 
l!io interchange of air for hydrogen takes place through the minute pores of the stucco 
with such rapidity, that in three minutes the mercury inside the tube attains a height 
of three inches aliovo that in the trough, and in twenty minutes the whole of the 
hydrogen has escaped. In making such an experiment over water, it is necessary to 
avoid wetting the stucco. With this view, the shorter leg of an inverted siplion is 
introduc<‘d into the diffusion-tube to within an inch of the stucco, and the tube is then 
sunk in the water-trough, so that the air escapes by the siphon, with the exception of 
a small quantity, which is noted. The diffusion-tube is then filled up, either entirely 
or to a certain extent, with the gas to be diffiised. (Graham, Phil. Mag. 1831, vol. ii.) 

In experiments made for the purpose of determining the exact proportion between 
the gas diffused and the air which replaces it, it is necessary to guard against any 
inequality of pressure, by placing the diffusion -tube in ajar of water or mcroiiry, and 
filling the jar with the liquid in proportion as it ris(‘8 in the tube. Bunsen {Gasu^ 
iMiry^ p. 200) has adapted a lever arrangement to the diffusion-tube, by which the ad- 
justment of the level is greatly facilitated. 

A superior material for the porous plate is now found by Graham in the artificially 
compressed graphite of Mr. Brockedon, of the quality u.sed for making ^vTiting pencils. 
This material is sold in London in small cubic masses about two inches square. A cube 
may easily be cut into slices of a millimetre or tw'o in thickne.ss by means of a saw of 
steel spring. By rubbing the surface of the slice, without whetting it, upon a flat sand- 
stone, the thickness may be further reduced to alx>ut one-half of a millimetre. A cir- 
cular disk of this graphite, which is like a wafer in thickness but pos.ses.sf s considerable 
tenacity, is attached by resinous cement to one end of the gla.ss tube, above described, 
so as to close it and form a diffusiometer. The tube is filled with hydrogen gas over 
a mercurial trough, the porosity of the graphite plate being countenicted for tlie time 
by covering it tightly with a thin sheet of gutta percha. On afterwards removing the 
bitter, gaseous diffusion immediately takes place throngh the pores of the graphite. 

I he whole hydrogen loaves the tube in forty minutes or au hour, and is replaced by 
* much smaller proportion of atmospheric air (about one-fourth), the mercury rising in 
the tube, if allowed, so as to form a column of several inches in height-— a fact which 
^lustrutes strikingly the intensity of the force with which the interpenetration of different 
gases is eflfected. Native or mineral graphite is of a lamellar structure, and appears to 
have little or no porosity: it cannot be substituted for the artificial gi’aphite as a dif- 
fusion septum. Unglazed earthenware comes next in value to graphite for thiyiurpo-se. 
I^iy and sound cork also forms a. very good material, but permits the diffusion to 
‘ ' - - - • - . BO do thin slips of many granular 

may also 

The foUovS^”uble eSSits the densities of several gases Mhe square rrot of the 
density, or the calculated ratio of the times required for the difliision of 

of air being assumed = 1 ; the reciprocal of the square root, or the calculated 


go oa yppy slowly, not being sufficiently porous: so do thin slips of i^^y 
jhhated minerals, such as tfexiMe dolomite ; charcoal, woods, and dry bladder 
for the same purpose, 
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diifiisiveness of the gasj and, lastly, the rates of diffusion, ae determined by etneri 
ment, the barometric pressure and the temperature being supposed to be the same f 
all the gases. 

Diffusion of Gases, 


Gas. 

Density. • 

Square root 
of density. 

HHH 


^Density. 

Hydrogen . 

006926 

0*2632 

3*7794 

3*83 

Marsh gas . 

0*569 

0*659 

1*3375 

1*344 

Steam 

0*6236 

0*7896 

1*2664 


Carbonic oxide . 

0*9678 

0*9837 

1*0165 

1*0149 

Nitrogen , 

0*9713 

0-9866 

1*0147 

1*0143 

Ethylene . 

0*978 

0*9889 

1*0112 

1-0191 

Nitric oxide 

1*039 

1*0196 

09808 


Oxygen . . 

1*1056 

1*0615 

0*9510 

0-9487 

Sulpliydric acid . 

11912 

10914 

0*9162 

0-95 

Nitrous oxide 

V627. 

1*2367 

0 8U92 

0*82 

Carbonic anhydride , 

1*62901 

1*2366 

0*8087 

0*812 

Sulphurous „ 

2*247 

1*4991 

0*6671 

0*68 


The agreement between the observed and calculated rates of division exhibited in 
this table is very close. It is only, however, when the diaphragm through which the 
diffusion takes place is very thin, not exceeding ^ of an inch for stucco, that this close- 
ness of agreement is observed. When thicker diaphragms are used, tlie gases have to 
pass through a number of long capillary tubes, the sides of which offer to tlie passage 
of a gas a resistance analogous to that of friction, and therefore retard its motion 
considerably. In fact, the passage of gases through capillary tubes, called “Transpira- 
tion,” is regulated by laws totally distinct from those of diffusion ; the former is 
a movement of masses, the latter of molecules. (See Gases, TiiANSPirtATiON op, p. 820.) 

The resistance of a capillary tube to a gas passing through it is proportional to the 
surface, and consequently increases as t lie tube or tubes are multiplied in number uml 
diminished in diameter, with the area of discharge preserved constant. The resistaiie(! to 
the passage of a liquid through a capillary was obser^’cd by Poiseiiillc to be nearly as 
the fourth power of the diameter of the tube. In gases the resistance also rapidly in- 
creases, but in what ratio has not been observed. The consequence, however, is certain 
that, as the diameter of the capillaries maybe diminished beyond any assignable limit, 
so the flow may be retarded indefinitely, and caused at last to bocomo too small to bo 
sensible. Wo may therefore have a mass of capillaries of wliich the passages form a 
large aggregate, but which are individually too small to permit a sensible flow of gns 
under pressure. A porous solid mass may possess the same reduced penetrability as 
the congeries of capillary tubes. Indeed the state of porosity described appears to be 
more or less closely approuchod by all loosely ag^egated mineral masses, such as lime- 
plaster, stucco, chalk, baked clay, non-crystalline earthy powders, like hydrate of 
lime or magnesia, compacted by pressure, and in the higliest degree perhaps by artificial 
graphite. ^ , 

A plate of artificial graphite, although it appears to be practically impenetrable to 
gas m the mass, is readily penetrated by the agency of the molecular or diffusive 
movement of gases. This appears on comparing the times required for the passage of 
equal volumes of different gases under a constant pressure. Of the following three 
gases, oxygen, hydrogen, and carbonic anhydride, the times required for the passage of 
an equal volume of each through a capillary glass tube, in similar circumstances as to 
pressure and temperature, are as follows : 


Time of capillary 
tranapiratlon. 


Oxygen 1 

Car^nic anhydride 0*72 

Hydrogen 0*44 

But through a plate of graphite, of half a millimetre in thickness, ths same 
were observed to pass, under a constant pressure of a column of mercury of 100 milh* 
met^ in height, in times which are as follows : — 

Time of molecular Square root of deniitf 

pawage. (oaygttt 

Oxygen . . , . . 1 • • • • 

Hydrogen . . . . . 0*2472 • • • • 0*2502 

Caihonio anhydride , . . 1*1886 • • • « 1*1760 
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It epp®®*® th©ii that the times of passive through the graphite plate have no relation 
to the capillary transpiration times of the same gaaes. The times in question, however, 
■how a relation to the square roots of the densities of the respective gases, us is 
Been in the last Table ; and so far they agree with the theoretical twiea of diffusion 
usually ascribed to the same gases. 

The experiments were varied by causing the gases to pass into a Torricellian vacuum, 
ujirl consequently under the full pressure of the atmosphere. The times of penetration 
of equal volumes of gases wore now — 



Times. 

Vi^onsiiy. 

Oxygen . . . , 

► .1 . . 

. 1 

Air . . . . . 

. 0*9501 . 

. 0*9507 

Carbonic anhydride 

. 1*1860 . 

. 1*1760 

Hydrogen 

. 0*2605 . 

. 0*2602 


This penetration of the graphite plate by gases appears to be entirt'ly due to their 
own proper molecular motion, quite unaided by transpiration. It scorns to offer tlio 
simplest possible exhibition of the molecular or diffusive movement. This pure result 
is to be ascribed to the wonderfully fine porosity of the graphite. The interstitial spaces, 
or channels, appear to be sufficiently small to extinguish transpiration, or the passage 
of masses, entirely. The graphite becomes a molecular sieve, allowing molecules only 
to pass through. 

With a plate of stucco, tlio penetration of gases under pressure is very rapid, and 
the volumes of air and hydrogen passing in equal times ai*o as 1 to 2-891, wliieh is 
a number for hydrogen intermediate between its transpiration volume 2-01 and diffu- 
sion volume 3*8 ; showing that the passage through stucco is a mixed result.* 

With a plate of biscuit-ware, 2*2 mm. in thickness, the volume of hydrogen rose to 
3*754 (air =* 1), approaching closely to 3*8, the molecular ratio. 

The rate of passage of a gas through graphite appeared also to be closely propor- 
tional to the pressure. 

Further, hydrogen was found to penetrate through a graphite plate into a vacuum 
with sensibly the same absolute velocity as it diffused into air, establishing the im- 
portant fact that the impelling force is the same in both movements. (Graham, 

i’liil. Trans. 1863.) ^ i . 

The passage of a gas through a graphite plate into a vaepm is due entirely to its 
intestine molecular or diffusive movement, and is to be distinguished from the nassage 
of gas through a minute opening, such as a puncture made by a fine needle in platinum 
foil (See Gases, Effusion of.) 

Separation of Gases hif Diffusion, A partial separation of 

mixed gases and vapours of unequal diffusibility can be effected by allowing the mix- 
ture to permeate through a graphite plate into a vacuum, as was to be expected frcni 
tlie preceding views. The amount of the separation is in proportion to the pre»«ure, 
and attains its maximum when the gases pass into a nearly perfect vacuum. When 
H portion of air confined in a jar is allowed to penetrate into a vacuum through 
graphite or unglazcd earthenware, the nitrogen should pass more rapidly than t »e 
oxygon in the proportion of 1 0668 to 1; and the proportion of oxygen be propor- 
tionally increased in the air left behind in the jar. The increase in the oxygen 
actually observed when the air in the jar was reduced from 1 volume 


to 0*5 volume, was 0*48 per cent. 

0-25 „ 0-98 

0125 „ 1‘64 

00625 2-02 „ 

Or, the oxygen increased from 21 to 23 02 per cent in the last sixteenth part of air 

left behind m the jar. , , r uihiu 

Tho most rcmiriwble effects of separation arc produced by means of the ^ 
«tmolyser. This is simply a narrow tube of unglazed eartheiware, siwh “ » 
pipe stem, two feet in length, which is t T^^^^ 

secured in its position by corks, so as to appear like a ® ^ llie 

tube is placed in communication with an air-pumi>, and the an p 
two tubes is maintained as nearly vacuous as possible. Air ® .. 

then allowed to flow in a stream along the day tube, and 

gas so atmolysed is of course reduced in volume, much gas ^ ^ edited 

of the clay tube into the air-pump vacuum; and the more slowly the gas is couecreu, 


• Thli maj perhapi explain the resulU pbUitied by j to conclude that the pore« of gypjpjn 

A atucco d^hnigm of conilderable thicknew, j® f capillary tubes, and thence to call In 

set upon gases, not as a •ories of fine opnjjtjJS** norous dlSphragms deduced from Graham a 

Question the truth of llm law of gHsenus diff^lpn fnd cd 11. 624.) 

WperUnenU. (S«e Bunsen's Oasomeirf, p. 203i aUo Graham $ a-iemcm,, 
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the- greater is the proportional loss. In the gas collected, the denser constituent nf 
the mixture is thus concentrated in an aritlunetical ratio, while the Tolmne of tlT 
gas is reduced in a geometrical ratio. In one experiment, the proportion of oxygen * 
the air, after traversing the atmolyser, was increased to 24‘60 per cent, or 16*7 udo*^ 
100 oxygen originally present in the air. With gases differing so much in deuSt” 
and dilRisibility as oxygen and hydrogen, the separation is of course much more coii^ 
siderable. The explosive mixture of two volumes of hydrogen and one volume of 
oxygen, gave oxygen containing only 9*3 per cent, of hydrogen, in which a taper burned 
without explosion ; and with equal volumes of oxygen and hydrogen, the proportion of 
the latter was easily reduced from 50 to 6 per cent. (Phil. Trans. 1863.) 

The atmolytic mctliod may sometimes be advantageously applied to determine 
whether a certain gus is a mixtiire or a simple gas; to distinguish, for example 
marsb-gas, CTT^, from a mixture of ^ual measures of hydrogen and hydride of etliyl’ 
H* +• each of which would give, when detonated with oxygen, the same propor- 

tion of carbonic anhydride and water. But suppose that, after the proportions of 
carbon and hydrogen have been thus determined, a portion of the mixture is sub- 
mitted to diffusion, and the residue again analysed ; tlie proportions of carbon and 
hydrogen will then remain unaltered, if the gas consists of marsh-gas, whereas if it 
is a mixture, the proportion of hydrogen will bo found less than before the diffusion. 

The method of diffusion has also been applied to determine whether certain com- 
pounds, which, like hydrochlorate of ammonia, yield anomalous vapour-densities 
(p. 811), are resolved at high temperatures into their components, thus yielding 
vapours which are no longer chemical compounds, but mixtures. This mode of at- 
tacking the question was first proposed by Playfair andWankljrn (Edinb. Phil. 
Trans, vol. xxii. Part 3 ; Chem. Soc. J. xv. 142), and has been carried out as follows 
by Pebal (Ann. Ch. Pharm. exxiv. 199). A plug of asbestos, c, supporting a tVw 
fragments of sal-ammoniac, is placed within a vertical tube, c 516), drawn out to 
capillary end, and supported within a wider tube d, closed at the top, the whole beiug 
surrounded by a charcoal furnace. Both tubes project below the furnace, and are 
closed at the bottom with corks, through each of which pass two bent tubes, the one 
for admitting a stream of hydrogen, the other for carrying it off. The heat of Ibe 
burning charcoal volatilises the hydrochlorate of ammonia in the inner tube above 
the aslistos plug ; so that, if the salt is actually resolved into hydrochloric acid and 
ammonia, the latter, being the. more di^sible of the two, will diffuse downwards 
through the plug into the hydrogen in the inner tube c, and may be demonstrated 

Fig, 616. Fig, 617. 




by causing the issuing gas to come in contact with a piece of reddened litmus paper, 
a, while the less diffusible hydrochloric acid will remain mixed with the hydrogen in 
the space d between the two tubes ; and its presence may be demonstrated by placing 
a piece of blue litmus paper, 6, in contact with the gas which issues from that space. 
Such indeed, is found to be the case ; hence Pebal concludes that the s(d-ammomac 
has been actuallv resolved by the heat into hy^chloric acid and ammonia. 

Messrs. Wanklyn and Robin son (Proc. Roy. Soc, xii. 307) object to this coucl^ 
iion, that the decomposition of the sal-ammoniac in Pebal’s appa^us is probably effected 
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by tlie iicuon of the finely-divided ^icate forming the poroua diaphragm, inasmuch aa 
lie acid of Aat Mdt, having an indehnite capacity of saturation, may take up the 
.mmonia and set the hy^ehloric acid free.* They therefore discard the use of a 
porous diaphra^ altogether, and allow the vapours to diffuse through a simple aner- 
U, as in Graham s on^l experiments (p 811). Tiie apparatus used eonsisi. of 
two glftss flasks \ ol7)f tlic nocks of which do not fit air-tight.; tlie narrow tiiho 
proceeding from the upper one is fused into it. The Wr flask is for tho reception of 
the vapour to bo operated on ; the upper flask is for the atmosphere into which the 
vapoiur is to be diffused. The atmosphere of dry air, or other suitable gas, is kept 
constantly renewed by the transmission of a slow stream of gas, wliieh enters the upper 
flask by the narrow tube, and passes out by the space between the two necks. The 
ivhole apparatus is kept at a temperature above tlie condensing point of the vapour by 
weans of an air-bath. After the diffusion has gone on for a suffloii nt length of time, 
the apparatus is left to cool, and the contents of the lower flask are analysed, by whieh 
means it is seen whether diffusion has eftected any alteration in the composition of the 
vapour. 

SiUphuric acid thus treated is resolved int/O water and sulphuric anhydride, the 
vapour of water diffusing more readily than that of the anhydride, and consequently 
loanng in the lower flask a residue richer in sulphuric anhydride tlian the acid before 
diffusion. In one experiment, an acid composed of 96 pts. monohydrated sulphuric 
ai id and 6 water, difihsed for an hour at 620^ C., left a residue comiiosed of GO pts. 
SO^IP and 40 SO®. In another exjieriment, a mixture of 99 pts. and water, 

left, after difiusion for a shorter time at 446° C., a residue containing 75 .SO*JI* and 
2 ) SO^ In both cases the residues fumed strongly on exjiosure to I he air, and con- 
.«;isted partly of crystals and partly of liquid. — l\ ntachloridr o/ 7V^e.s/)Af>r^^s■ diffused 
into carbonic anhydride for three quarters of an hour at 300° C. was resolved into free 
chlorine, which was found in the diftiised gases by th(‘ reaction with iodide of potassium 
and starch, and trichloride of phosphorus, which remained in tlie flask, and when 
tivatod with water yielded pho8pliorou.s acid, which reduced corrosive sublimate to 
calomel. 

These experiments, as well as that of Pebal, cannot be looked upon as quite de- 
cisive of the question whicli they were intended to solve: for it is possible that the 
dfcompositions observed may have been determined, at least in part, by the tendency 
ol‘ the more diffusive vapour to expand into the atmosphere of liydrogon or carbonic 
anhydride. At all events, the experiments of Deville and Troost already cited (p. 811) 
show conclusively that, at least in the case of ammonia- salts, the supposed decomposi- 
tion is not brought about by the action of heat alone. 

Theory of Diffusion . — The diffusion of gases through one another was regarded 
by Baltori as a necessary consequence of the self-repulsive pro])erty of the y)articles of 
gaseous bodies. He considered that each gas expands into the space occupied by the 
ether just as it would into a vacuum ; and, in fact, experiment shows that the velocities 
M'ith wliich gases diffuse into each other are to one another in the same ratio as tho 
velocities with which they rush into a vacuum through an aperture in a thin pbito 
(l>. 818). The ultimate result is certainly in accordance with Dalton’s view; still we 
e;mnot suppose, as he did, that gases act a.s absolute vacua to each other; for the actual 
rate of diffusion of any gas is many thousand times slower than the effusion of the same 

gas into a vacuum. , i tjv 

but though Dalton’s hypothesis cannot bo admitted, we must still n'gartl the aiitu- 
sion of gases as a consequence of that intestine movement of molecules which is now 
g<‘n(>rally recognised as an essential property of tho gaseous condition of matter. 
According to this view, a gas is represented as consisting of solid and pcriect y 
elastic spherical particles or atoms, which move in all directions, and are animiy^c 
with different degrees of velocity in different gases. Confined in a vessel, le inoiing 
particles are constantly impinging against its sides and occasionally against ° ’ 

and such collisions take place without any loss of motion, owing to 1 ^ ‘ ■ 

ticity of tho particles. Now if the containing vessel bo porous, like 
then gas is projected through the open channels, by the atomic motion c. . » ‘ . 
escapes. Simiitaneously the external air or gas, whatever it 
wiiris in the same manner, and takes the place of the gas which 
tlie same atomic or molecular movement is due the clastic for , by 

resist compression, possessed by gases. The 

lieat and retarded by cold, the tension of the gas being increas within and 

porou. p.alo, the 

wnipcratiire of the appurutut* would probably be r»'tnrde«l by it. 

VOL, II, 3U 



818 GASES, EFFUSION OF— OSMOSE OF. 


movement is sustained without abatement, molecules continuing to enter and JearA i 
e^ual number, although nothing of tlio kind is indicated by change of volume or other” 
wise. If the gases in communication bo dilferent, but possess sensibly the same specifi' 
gravity and molecular velocity, as nitrogen and carbonic oxide do, an interchango of 
molecmes also takes place without any change in volume. With gases opposed „f 
unequal density and ny)lecular velocity, the amount of penetration cesmes of coui’se t!) 
be equal in both directions. (See GrahanCs ELenunts^ 2nd. ed. ii. 449 \ also the article 
Heat in this dictionary.) 

^ OASSS, BFFUSXOir Or. This term is used to denote the paasage of a ens 
into a vacuum through a minute aperture in a thin plate of metal or other substance 
Now it can be shown, on mechanical principles, that the velocity with which a gas 
rushes into a vacuum through such an aperture, is the same as that which a heavy body 
would acquire in falling from the height of an atmosphere composed of the gas in 
question, and of uniform density tliroughout. The height of such an atmosphere Avill 
be inversely as the specific gravity of the gas, the atmosphere of hydrogen, for example, 
bei^ sixteen times higher than that of oxygen. But as the velocity acquired by a 
falling body varies, not directly as the height, but as the square root of the height, it 
follows that the rate of flow of different gases iiitx) a vacuum must be inversely as ihe 
square root of their respective densities. This law has been experimentally verified by 
Graham (Phil. Trans. 1846, p. 673). A jar on the plate of an air-pump was kept 
vacuous by continued exhaustion, and a measured quantity of air, or any gas, allowi'd 
to find its way into the jar through a minute aperture in a thin metallic ])late, such as 
platinum foil, made by a fine ]x>int, and not more than of an inch in dijunott r. 
With an imperfect exhaustion, the velocity with which the gas flows into the jar in- 
creases rapidly till the degree of exhaustion amounts to one third of an atmospherp. 
Higher degrees of exhaustion do not produce a corresponding increase of velocity, and 
the difference of an inch in the column of the liaronieter- gauge scarcely affects the mlfl 
at which the ^as enters when the vacuum is nearly comple te, and the pressure to wliu li 
the gas is subject approaches that of a whole, atmosphere. Through a perforated plate 
such as that descrilied, 60 cubic inches of dry air onter(?d the vacuous or nearly 
vacuous receiver in about 1,000 seconds; and in successive experiments, the time of 
passage did not vary more than one or two seconds. 

The velocities of efiusiou of different gases are given in the following table : — 


Gas. 

Air 

Hydrogen 
Marsh-gas 
Carbonic oxide 
Nitrogen 
Ethylene 
Oxygen . 

Nitrous oxide 
Carbonic anhydride 


Velocity of EfTusiim. 

1 

3‘613 
1-322 
1*0123 
1*0164 
1*0128 
0*950 
0 834 
0*821 


For gases which do not differ greatly from the air in specific gravity, these rates cor- 
respond veiy closely with the inverse ratios of the square roots of the densities, ami 
therefore with the rates of diffusion (see Table, p. 814). NevtTthelcss, the phenomena 
of diffusion and effusion are essentially different in their nature, the effusive movement 
affecting masses of a gas, while the diffusive movement affects only molecules ; and a 
gas is usually carried by the former kind of impulse with a velocity many tliousiind 
times greater than by tho latter. 

Mixed gases are effused at the same rate as one gas of the actual density of tho , 
mixture ; and no sopanition of the gases occurs, as in diffusion into a vacuum. 


OASaS. BXQITBFACTZOia’ AITD BOXiXBZrXCATZOK OF. See Hxat. 

OABBfl, OSBSOSB OF. This term is applied to the passage of gases tbrongh 
membranous diaphragms such as caoutchouc, bladder, gold-beater^ skin, &;c. The rate 
of interchange depends in this case, partly on the relative diffhsibilitics of the gases, 
partlv on the porosity of the membrane, as well as on the different degrees of adhesion 
which it exerts upon the different gases, by virtue of which tho gas which adheres 
most powerfully penetrates tho diaphragm most easily, and attaining the op^site sur- 
face^ mixes with the other. If the membrane is moist, the result is likewise affected 
by the different degrees of solubility of the gases in the water or other liquid con- 
tained in it. 

Ccumtchoiui , — ^A sheet of caoutchouc tied over the opening of a wide-mouthed bottle 
ftiU of hydrogen gas, is soon pressed inwards even to bursting. If the bottle be 
with air and pli^ed in an atmosphere of hydrogen, the swelling and bursting take 
place outwards, A well closed bottle of caoutchouc perfectly empty does not disteno 
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,hen placed in hydrogen gas: but if it contains a small quantity of air, distension takes 

tocc. ^most aU gases ej^-eptingnatrogeu exhibit tlio slmo relations tour^ coi^on 
»ir as hydwgen d(^, but in different degrees ; they aU penetrate caoutchouc with 
various velocities in order to mix ^th air In onler lo measure there various 
velocities, a sheet of caoutchouc is led over the shorter funnel-shaped arm of a sinlioi,- 
tabe ; mercury is poured into the other arm, which is made very long, re that aXio , 
of air mav remain between the mercury and the caoutehoiic ; and the shorter 


to the height of 63 inches, and might be di-ivou higher if the caoutchouc could sustain 
a greater pressure without bursting. By experimenting in this maimer on ditferent 



Ciioiitchouc appears from tliis <o absorb gases with difffrent degrees of facility; of 
carbonic anhydride it absorbs its own volume and swells up in eoiisequcnct*. (Mitchell 
J. Hoy. Inst. 2, 101.) 

Animal Membranes. — A moist bladder or moistened gold-licater’s shin acts like a sheet 
of caoutchouc (Mitchell). A moist bladder, tMo-thirds filled with coal-gas or air, swells 
when suspended in carbonic anhydride, and finally bursts. In this experiment as much 
as 10 per cent, of caibonic anhydride sometimes mixes with tlie coal-gas, while only a 
very small quantity of the latter escajics into the atniospliere of carbonic anhydride. 
Heuce the water of the moistened bladder absorbs carbonic anhydride and gives it iq) 
again on the inner side ((xraham, Qn. J. of Se. vi. 88). A perfectly dry bladdtir coii- 
tainiug air does not distend in carbonic anhydride : a bladder moderattly vxttcd expands 
to a griiater extent tlian one which is thoroughly soaked ; for the thinner the film of 
water which absorbs tlie gas, the sooner will the gas reach tin; opposite surface. If the 
bladder containing air bo moistened with alcoliol (w'hicli absorbs carbonic anhydride 
more readily than water does) it will expand in an atmosphere of eai’bouic anhydride as 
quickly as if it were moistened by water — but not more so: tlic alcohol likewise 
causes it to .slirivol and soon destroys its power of transmitting gases. Rubbing the 
I'biddor with oil of anise or olive oil (neitluT of wliich abst>rbs carbonic anhydride) 
reveuts the expansion, A wet bladder containing air (‘xpands more quickly in 
ilphydric acid than in carbonic anhydride : after being distended as far as pos- 
ble in the last-mentioned gas, it will expand still fuitber if placed in an atmo- 
phero of su'phydric acid ; whereas if exposed to the air it will regain its original 
izo. A bladder containing air also expands when immersed in water holding carbonic 
uhydrido in solution, but not so quickly as in an atmosplioro of the gas. A fish’s 
ir-l)ludder €;xpands under the above-mentioned circuinstances more quickly than a 
riuury bladder : on the contrary, this properly is not exhibited by the lining 
iienibrane of a fowl’s egg or by cuiTicd sheepskin : the latter allows air and carbonic 
nliydridt! to pass through it with equal facility (Baiiiugar tiier, ZeitschriftPh. Math. 

9). These experiments show that gases cannot be preserved in bladders without 
iteration. If a piece of bladder bo tied over the upper and widened end of a glass 
ube, the tube then tilled with w^at er, and its lower end plunged under mercury, tho 
uereury will rise within it to the height of 3 inches, in consequence of tlm water 
penetrating the bladder and escaping into the air ; but as soon as this height is 
ittained, the pores of the bladder allow air to pass through them and the further rise 
of the mercury is prevented (Magnus, Pogg. Ann. x. 107). According lo Fischer 
Pogg, Ann. XI. 130) who perhaps made use of a stronger bladder, the niercuT^ 

Httuin the height of 12 inches or even more ; it ultimately reaches to the bA*dder 
itself, tho whole of the ■water evaporating and leaving nothing but a slimy residue. If 
& tube, sealed at top and tied over ■with a piece of bladder at the bottom, be filled with 
Water and exposed to the air, the bladder will be pressed inwards in consequence of 
tlie evaporation of the water, and air will enter, not however in bubbles, but dissolve 
by the water: the air thus introduced collects at the upper end of the tube in the 
gaseous form, and finally all the water evaporates and tho tube becomes filled witlx 

(Pischer.) — 

a&ssa, KBliATXOirS ox-, to PKZBSOAB AK® TaMPBWTOT» 


uuuipapiBon ot me volumes or ainerenr gaaes. x uc xa tt x.* ^ j - 

afinns that the Tolume of a gas is inveraely as the pressure to which it is • 

•lua pressure being usually measured in inches or millimetres of ■ , ' 

Wciir, p. 370). tL law of Dalton and Gay-Lussac afllrnis tlat theiolumeof agus 

3 o 2 ' 
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ifl increased or decreased by of its bulk at zero, for every centignwie degree of tem. 
poratnre above or below zero (or jjg of its bulk at Fahrenheit’s zero for every 
ronheit degree). These two laws apply equally to vapours, when at toraperaturps 
considerably above their condensing points. Hence two volumes of gas or vapour, at 
very different pressures and temperatures, majr be compared with one another, pro- 
vided the proper corrections are applied according to the following formula:— lo, 
h inches or millimetres are to h' inches or millimetres, so is bulk at h’ to bulk at k 
2®. As 273 ± < is to 273 ± ^ so is bulk at t d(*groos above or below zero C., to bulk at 


Or, if V and V' be the volumes of the gas at the respective pressures and tompora- 
lures, then 


rh 273 + 


K 


1 + 0-0():iG63 f 


K' 273 -h ^ ' K ' 1 + () 0()3f>G3 r 

To find the volume Vq, which a given volume, F, of a gas, at pressure h (in 
inches), and temperature C.,will occupy, when subjected to a pressure of 30 uw\m 
^ A-p oo r* wci UoTTn i Tt tim 1 1 11 (V fnriniilM.. c= 30 and t' 


and a temperature of 0° C., we have, in the preceding formula, h 
therefore, 

rr rr h 1 




r 


'i[)-003fif)3 t 


Regnault has shown that neither of the above laws is absolutely accurate, cspecinlly 
with reference tx) the condensable gases; but the variations are, for the most part, (x- 
cpoclingly minute, and, except in special experiments, may bo altogether disi’cg:ir [(vl. 
(See Heat.) 


GASISS, SPBCZFXC GBAVZT7 OF. See Specific Geavity. 


OASZSS, SPBCIFZC BBAT OF. See Heat. 


GASBS, TaAWSPiaATZOBr OF. (Graham, Phil. Trans. 1846, p. /)91, and 
1849, p. 349 ; Elcmcntu of Chcmistri/, 2ud cd. i. 82.)--The law of (effusion .stated on p. 
818, is true only under tlio eonditions there specified, viz. that the gas shall pa.ss throuj^di 
a minute aperture in a very thin plate. If the plate be thicker, so that tho aperture Ijo- 
comes a tube, very different rates of clllux are observed ; and when tho oapillary tulie; is 
considerably elongated, so that iUs length exceeds its diameter at least 4,000 times, tho 
raU'S of flow of different gJisos again assume a constant ratio to each ot her ; following, 
however, a law totally distinct from that of oflusion. To examine this kind of motion, 
called “ Capillary Transpiration,” tho gas was placed over water in a graduated jar, 
80 suspended that the liquid in tho jar and in the hath could bo easily kept at tlio 
Slime level. The gas was dried by passing it through n tube filled with chloride of 
calcium, and was then made to pass through a long fine capillary tube, into a roccivor 
standing on the plate of an air-pump ; this receiver was somotimos kept vacuous by 
continued pumping ; at other times the state of exhaustion was ascertained at intervals 
by the pressure-gauge. By this method of observation tho following gouonil rosulta 
were obtained : — ^ j- i 

1. Tho rate of transpiration for tho same gas increases, ctstens par ^tts, directly ns 

the pressure; in other words, equal volumes of air, at different densities, require times 
inversely proportional to the densities. For example, a pint of air of double tho 
density of the atmosphere will pass through the capillarj^, tube in half the time which 
would bo required fora pint of air of the natural density, under an equal propulsive 
force. This result stamps the jirocoss of transpiration witli a character quite distinct 
from that of diffusion or effusion. ^ . . . i 

2. With tubes of eqhal diameter, the volume transpired in equal times is inversely 
as the length of the tube. 

3. As the temperature rises, tho transpiration of equal volumes bO/Comos slower. 

4. The same uniformity in tho results was obtained, whether the tubes were o 
copper or of glass, or whether a porous mass of stucco was employed, provided always 
that tho length of the tubes exceeded their diameter in the ratio above-mentioned. 

The rates of transpiration of different gases bear a constant relation to each olW 
totally independent of their densities, or indeed of any known property or tn 


gases. 


A comparison of tho numbers in the following table exhibits some very simp 
relations between the raters of transpiration of certain gases. . , 

1. Equal weights of oxygen, nitrogen, ajr, and carbonic oxide are transpired m eq 


times. 


2. The velocities of trniepiration of nitrogen, nitric oxide, and carbonic oxide are 

^3. ThA velocities of hydrocMoJfc acid, carbonic anhydride, and nitrous oxide are 
equal. ^ . 
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Transpirahility of Gases, 


Gasei. 

Timet for transpiration 
of equal volumes. 

Velocltlei of 
transpiration. 

Oxygen # • • • • • 

1 0000 

1-0000 

Air • * • • • • • 

0*9030 

M074 


Nitrogen ...... 

0-8768 

1*141 


Nitric oxide 

0-8764 

1*141 


Carbonic oxide . • • • . 


1*145 


Nitrous oxide . . . . , 


1*335 


Hydrochloric acid • • • . 


1-368 


Carbonic anhydride .... 

0-7300 

1-370 

Chlorine .•••*. 

0-6G64 

1*600 

Sulphurous anhydride 

O-GfiOO 

1-638 

Sulphydric acid • • • . 

0-6195 

1*614 

Marsh-^as 

0-5510 

1*816 

Ammonia 

0-5115 

1*966 

Cyanogen 

0-5060 

1*976 

Ethylene 

0-5051 

1*980 

Hydrogen • . • • . 

0*4370 

2*288 

Vapours* 



Bromine (about) • « • . 

1*0000 

1*0000 

Sulphuric anhydride . • . . 

1-0000 

1-0000 

Sulphide of carbon .... 

0-6195 

1*614 

Chloride of methyl .... 

0*6475 

1*826 

Chloride of ethyl .... 

0*4988 

2*005 

Oxide of methyl .... 

0*4826 

2*072 

Hydrocyanic acid .... 

0*4600 

2-174 

Ether 

1 

0*4400 

2*273 


4 . The velocities of hydrogen and vapour of ether are equal : so likewise are those 
of sulphydric acid and vapour of sulphide of carbon ; and those of marsh-gaa and 
clilorido of ethyl, ^ . . . j 

i). The velocity of hydrogen is double that of nitrogen, of nitnc oxidv^, and of car- 
bonic oxide. . - 

0 . The velocities of chlorine and oxygen aro as 3 : 2. The velocities of bromine and 
of sulphuric aiihydrido appear to b(5 nearly the sumo as that of oxygen. No gas ap- • 
pears to be slower than oxygen, 

7. The velocities of hydrogen and inarsh-gas are as 5 : 4. ^ 

8 . Ethylene, cyanogen, and ammonia have each nearly double the velocity of 


oxygen. ^ /. i a t 

The transpiration time of mixtures of the following gases was found t 6 be ex- 
actly the mean of the times of the individual gases, viz. oxygen, ^ nitrogen, car- 
bonic oxide, carbonic anhydride, and nitrous oxide; but the transpiration ® 

hydrogen and carburetted hydrogen, particularly the former, is neatly increased when 
these gases are mixed either with one another or with gases of the fornier cl^s. us, 
the transpiration time of a mixture of equal volumes of was 

0-9008 and not 0*72, the mean time of the two gases. The transpiration time of 
hydrogen in such a mixture is as high as 0*8016, or its transpiration is 
rapid than that of carbonic anhydride. , . , 

The rates of transpiration of the vapours have not been .. ^ Axneri- 

accuracy as those of the permanent gases, in consequence of the n y P 
men ting upon them in a state of mixture with some permanent gas. 


OMTlOtaSB. Syn. with Pepsin ; see the next article. 

OASTRZe 7VZ08. (Bidder and Schmidt -Bw 
Stofwechsel, Mitau und Leipzig, 1862, pp. 29-97—01. ^ gattrieo, 

expinmentale, Paris, 1866, ii. 382 . — IIu ebon et,. ^ 

Dorpat, I860.— E. v. Schroder, Succi gattnet humani ^ , 

0. V. arunewaldt, Succi gactriei humaru dtgeaitva, *5’ ® ' 35 
Dorpat 1863.-Lehmann, W L «hriii 603 

ngaiohgical Chemiatrg, Cav. Soe. Ed. London, 1861 * ,»• » stomach from being 

Hand^ch Tiii. [2] 25.-V any. On the i^o Lhmidl 

dtgeated by its own ^cretimi during Life, Proc. Koy. .tomach after the 

Ann. Ch. lharm. xcii. 44 .)-This fluid, wUch ^accumulates w the stomacn ai«r 
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ingCBtion of food, is, after being freed by filtration from mucus and fragments of eni. 
thelium^ perfectly transparent and nearly colourlesSj having only a slight yellow tint] 
It has a faint peculiar odour, generally resembling that of the animal from which it in 
taken, and a Scarcely perceptible saline-acid taste. It is sliglitly heavier than water 
neutral or slightly alkaline when taken from the empty stomach, but acid after the 
ingestion of food ; it is not rondered turbid by boiling. At temperatures below 0^ (J 
it solidifies without becoming turbid. It is precipitated by tannin, alcohol, and most 
metallic salts. If carefully freed from mucus, &c., it may be exposed to tlio 
for months, olr even years, without undergoing alteration ; and even when a fungous 
growth has appeared, it still retJiins its most essential character, viz. its digestive 
power. 

The constituents of the gastric juice arc wntrr, inorganic salts, organic snhsianas, 
And a free acid. Its constitution appears to be nearly the same in all vertehrato 
animals. 

Tlio solid constituents do not exceed from 1 to l'7o pep cent, the remaining 98-2o 
to 99 pts. being water. The solid residue, when incinerated, is found to consist 
chiefly of chloride of sodium, wdth smaller quantities of alkaline sidphate, carbonate 
and phosphate of calcium, and sometimes sxdphatc and chloride of calcium. 

The organic constituents of the gastric juice have been but little examined, in 
consequence of the extremely small quantities in which they occur. They consist of a 
substance soluble in water and in absolute alcohol (formerly known as osmazomt), and 
a substance soluble in winter onl3\ This latter, called pepsin, chymosin, or g:iH- 
torase, is the truo digc.stive principle of the gastric juice. It may bo precipitated hy 
treating the juice with alcohol, the greater portion of the other matters then rornaining 
In solution. The precipitate, which contains sulphur and nitrogen, dissolv<‘.s pretty 
freely in water, and is thrown down from the aqueous solution by corrosive suhliinate, 
protochloHdo of tin, basic acetate of l(*ajd, and tannic atdd, and imperfectly by neutral 
acetate of lead. Tlie solution is not rendered turbid by boiling, and exhibits strong 
digestive powers when mixed with hydrochloric or lactic acid ; but, like the gastric 
juice itsefp, it loses these properties by boiling, by treatment with ab.solute alco- 
hol, or by neutralisation with alkalis. In an alkaline solution, pepsin soon beconuvs 
putrid, and in a neutral solution, it seems to give rise to the formation of fungi ; 
but when rendered acid, it remains tinultered for a long time, exactly like natural 
gastric juice. 

Respecting the nature of the free acid in gastric juice, tlie opinions of difTorent 
observers are greatly at variance. Prout (Ann. Phil, new ser. xii. 407), and B ra- 
ce nnot (Ann. Chim. lix. 438), concluded from their own experiments, that the gas- 
tric juice contains free hydrocliloric acid. Lehmann, on the other hand, found freo 
lactic acid in this secretion, and attributed the free hydrochloric acid given off on 
evaporating gastric juice in vacuo, to the decomposition of chloride of calcium by tlie 
hu!tic acid. Bernard and Barre.swil (J. Pharm. 1845, p, 49) altogothcr deny the 
existence of tree liydrochloric acid in the gastric juice, on the ground that this lupiid 
in the pure state is rondered turbid hy a drop of dilute oxalic acid, wlierciis an equal 
quantity of that acid added to a lime-solution containing only of freo hydro- 
chloric acid produces no precipitate ; moreover that starch, after boiling with lactic 
acid or gastric juice, still gives a blue colour with iodine, whereas it loses this property 
by boiling with hydrochloric acid. Bernard and Barreswil also find tliat gastric juice 
when distilled yields at first a neutral distillate ; when concentrated to | of its bulk 
it yields an acid distillate, in which, however, nitrate of silver produces no precipitate; 
and it is not till the liquid has been distilled down to a few drops, that the distillate 
affords any indications of the presence of hydrochloric acid. VonOriinewaldt likewise 
maintains that human gastric juice contains no freo hydrochloric acid, but that the 
acid reaction which it exhibits when mixed with food, is duo to orpnic acids, chiefly 
lactic and butyric, either contained in it, or developed from the food. 

On the other hand, Bidder and Schmidt have shown, by experiments which scawely 
leave room for doubt, that tlie quantity of chlorine precipitated by nitrate of silver 
from gastric juice acidulated with nitric acid, is equivalent to a quantity of hydi’o- 
Chloric acid more then sufiicient to neutralise all the bases contained in the juice ; a 
portion of this acid must therefore be present in the free state, and the excess, deter- 
itiin^ as above, was found very nearly equal to the quantity of free acid in the gastric 
juice, estimated by neutralisation with standard solutions. With regaiHi to the non- 
Afpearanise of hydrochloric acid in the distillate from gastric juice, excepting In small 
at the end of the distillation, as observed by Bernard and BarresM 
likewise Muldee, obseirs that hydrochloric acid can unite with albu^n- 
eomptnittdA fMtt which it is not expelled by distillation, (lou 
see 

to, ee t (CheniL Soc. J. xv* 407), the gastric juice of dogs eoutaiu® 



GASTRIC JUICE. S23 

another fre® ftcid bosides hydrochloric acid. A portion of tho gastric juice of a doir 
vMcli gay® an abmidant precipitate silver, being placed upon a diaW 

(p. 816), the hydwchlonc acid in the liquid graduaUy passed through the diaphragm 
into tho water below, and after a while the remaining liquid, when freed from albumin 
by boiling and filtering, gave no precipitate with nitrate of silver, but nevertheless 
gtfil exhibited a distinct acid reaction, showing that another acid was present, besides 
th (5 hydrochloric acid. Acetic acid is said by some authorities to bo occasionally pre- 
gout in normal gastric juice. 

Of the abnormal constittients of the gastric juice, says Lehmann, very little is known. 
Ill the normal state, the stomach when empty, is invested with a layer of mucus, which 
is neutral to vegetable colours. In gastric catarrh, this mucrui, which differs but little from 
the secretions of other mucous membranes, accumulates in larger quantities, and when it 
comes in contact with amylaceous or saccharine food, it enters into abnormal processes 
of foniientation, viz., acetous, butyroua, and lactous fermentation. Tho contents of the 
stomach then contain much more free acid than in normal digestion. The. Imtyrous 
and lactous fermentations are especially promoted by the presence of fut, giving rise 
to heart-burn, a sensation of constriction in the throat, and vomiting; and at the same 
time there is often a revidsory (antiperistaltic) motion of the intestinal tube, which 
causes a regurgitation of bile into tho stomach. Biliary waitrrK are almost always 
present in the stximach, even of recently killed animals ; nevortlieless, they cannot, 
strictly speaking, be regarded as normal constituents of thi5 gastric juice, inasmuch as 
tliey arc never produced from the same sources. In uraeniia, or after extirpation of 
the kidneys, urea is secreted by the gastric glands. Foreiyn rnxiUirs introduced in 
solution into the body .appear to circulate through the gastric glands; thus ilernard 
found that when sulphocyanate of potassium and sesquichlorido of iron were injected 
into different veins of the same dog, the red colour of ferric sulpliocyanide first appeared 
in the gastric juice. 

The quantity of gastric juice secreted varies greatly at different times of the day; it 
is least when the stomach is empty, and is promoted by the ingestion of food ; even 
mechanical excitation, such as that produced by swallowing stones or peas, incr(*ascs 
riio secretion. The effect of different kinds of food in this respect varies considemldy. 
Sugar, aromatic substances, alcohol, and alkalis, immediately excite profuse gastric 
biMjretion: animal 8ubstanc(*s act more slowly, but ultimately give rise to a still larger 
[•reduction of the gastric juice. Psychical causes also increase the secretion, <?. g. the 
sight of food by a fasting animal. 

From tho experiments of Bidder and iSclimidt, made with animals in which 
gastric fistulic had been established, it appears that dogs secrete^ on tho average, in 24 
hours for eacli kilogramme of their weight, 100 grms. of gastric juice, containing 2’883 
grammes of solid matter (including lactic acid) and 0*270 grnis. hydrochloric acid, 
(lie quantity of gastric juice secreted in an hour varying from 24 to 204 grins, per 
kilogramme of the animal’s weight. A sheep secretes per kilogramme in 24 houro 
120 grms. of pure gastric juice, contuining 1*063 grms. solid constituents, and 0*187 
grras. hydrochloric acid. . 

Schmidt (Ann. Ch. Pharm. xcii, 44) found, by observations on a woman » 

gastric fistula, that the quantity of gastric juice secreted, per kilogramme of bodily 
weight, in 24 hours was 264 grins., containing 1 *447 grms. solid matter, and 0*0o3 grms. 
hydrochloric acid. . . i? ..i. * • 

The following table exhibits a comparative view of tho composition of the gastric 
juice obtained from these several sources. 

Composition of Gastric Juice, 



Man. 

Sheep. 

Dog. 

Water .... 
I’erment and ammonia . 
llydroehloric acid . 

9 

94*404 

3-196 

0-200 

986*148 

4*205 

1*667 

971171 

17-507 

2-70.3 

Chloride of calcium 
Chloride of sodium 
Chloride and potassium 
Phosphates of calcium, 
magnesium and ferri- 
cum 


0-061 

1-466 

0-650 

0-114 

4*368 

1*618 



0-126 

2*090 

2-738 


1000*000 

1000-000 











824 


GASTRIC JUICE. 


cent of hydrochloric acid, and varies according to the time, after ingestion of food af 
which tho secretion is collected. The first quantity removed from the stomach is 
nriost abundant, but the least acid, tho secretion ^adually becoming smaller in qnan 
fcity but more acid, and the last quantity exhibiting the highest degree of ae^itv 
This gradual increase of acidity arises partly from the fact that the first quantities of 
gastric juice secreted are diluted and neutralised by the sliglitly alkaline mucus con. 
tained in the fasting stomach, but more especially, perhaps, from actual increase of th * 
proportion of acid secreted in the latter portions. 

The free hydrochloric acid of tho gastric juice appears to result from the decomposi- 
tion of chloride of sodium; this explanation of its origin was first suggested by Prout 
who further supposed that the soda separated from it was directod to the liver, an<i 
passed off in the bile. But from the experiments of Dr. Bence Jones (Phil. Tran.s 
1849), it appeps that, during the secretion of tho gastric juice, the acidity of tho urine, is 
mrcatly diminished, and is at its minimum at the time when digestion is at its heiglit; 
hence it appears probable that, when the chloride of sodium in the blood yields hy(ln>! 
chloric acid to the gastric juice, tho soda separated from it at the same time is tnken 
up by an acid which, during fasting, would huA'e been excreted by the urine, but which 
remains in the circulation wliile digestion is going on. (Marcot.) 

Physiological action of the Gastric jui.ee , — All alimentary substances are permeated 
and softened by tho gastric juice; but its principal action is exerted upon the azotised 
portions of the food, and on the neutral fats. Most of the non-azotisod constituents, 
gum, sugar, starch, &c., placed in pure gastric juice, at the temperaturo of the auiinai 
body, do not undergo any perceptible alteration ; but the neutral fats are resolved hy 
it iuto glycerin and fatty acids, and arc then ready to be transformed into emulsions 
by the bile, which exerts that action upon fatty acids but not on neutral fats. (Marcet, 
see Digestion, p. 32o.) 

The alhupiinous and gelatigoiious matters are dis.solved and converted into new sub- 
stances, which, although they coincide with the bodies from which they are derived, in 
composition and in many of their physical properties, nevertheless differ essentially 
from them in being easily soluble in W'ater, and even in dilute alcohol, and in not 
forming insoluble compounds with metallic salts. The formation of these compounds, 
called peptones, depends solely on the action of the gastric juice, and is not attended 
by tho evolution or absorption of any gas, or the production of any second, iry suh- 
stance. Soluble^ casein is coagulated in tho stomach before it undergoes tho aclual 
process of digestion. 

According to Lehmann, cartilage and gelatigonous bodies are converted in the 
stomach into substances w'hich correspond perfectly in their physical and in most of 
their chemical characters, with the peptones of the protein-bodies. Marcet has, how- 
ever, shown that the peptones obtained from gelatigenous bodies — or at least one such 
peptone — pos^fess the power of rotating the plane of polarisation of a ray of light, a 
character not exhibited by the peptones of the protein substances. Hoppe, in 18o!) 
{Hcnle and Meissner^ a Ihricht uher die Vortsi^riite der Anatomie u?id Phffaiologi(\ 
observed that gastric juice acta on polarised light, and attributed this action to the 
gastric secretion itself. Marcet. in 1860 made the same observation, but showed 
further that pure gastric juice, obtained by keeping a dog fasting for thirty hours or 
longer, then washing out tlie stomach thoroughly with water, and making the animal 
swallow siliceous pebbles, has no power of rotating the polarised ray. After exciting 
tile secretion with fragments of bone, however, a gastric fiuid was obtained which 
exerted a slight influence on polarised light, showing a rotation of 7^ to the left 
of Soleil’s saccharometer ; whereas, when tho secretion was excited by cartilage, the 
rotation amounted to or 40°, also to the left. Gastric juice mixed with cartihig<^ 
or with the internal tissue of boiled tripe, and heated in a water-bath to the tempera- 
ture of the animal body, acquires, after a short time, an optical rotatoiy power, which 
may be twice as great as that which it possessed before the commencement of the 
artificial digestion. 

To determine the rotatory power of the polarising peptone, it was separated from 
the gastric juice, dried, and dissolved in 26 c. c. of water. The solution yielded, 
for 1° of deviation, an average quantity of 0*024 gnu. of dry substance. Therefore 
when gaatric juice is examined in the saccharometer, the fluid contains, for every degree 
of rotation to the left, 0*024 grm, of polarising peptones, or a quantity approximating 
thereto, in 26 c. c. (Marcet.) 

The only two animal tissues which have been observed to yield polarising peptones, 
are cartilage and the mucous tissue of boiled intestine. No appreciable quantity of 
polarising substance was obtained from pure coagulated albumin, or coagulated casein, 
when digested out of tho body. (Marcot.) 

The constituents of the wtric juice which are mainly essential to the process of 
digestion are the pepsin and the free acid ; but it can scarcely be doubted mat eveiy 
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one of constihiente has a certain share in its action on food. The necessity of a 
fret* acid in the digestive process is shown by the fact that the gastric juice, when 
iicutralined by an alkali, completely loses its action on the azotised portions of the foml 
The acidity of the juice is, however, only one element of its activity : for the digestive 
power is likewise destroyed by heating the liquid to a temperature near the boiling 
point, the pepsin, which appears to act like a ferment, being, like other ferments, un- 
able to withstand that temperature. 

Tho neutralisation of the free acid of the gastric juice by an alkali is the cause 
which prevents the stomach of a living animal from being acted upon and dissolved by 
own secretion. During life, the walls of the stomach are very freely permeated 
l,y a current of blood, which, in its normal state, is always alkaline, and therefore 
noutralises the acid in the gastric juice, and protects the stomach from its action. 
AfttT death, however, the blood becomes stagnant and incapable of supplying tho 
alkali with the same rapidity as a circulating current; consequently, in many cases, 
(•specially when death is sudden or violent, and the gastric juice healthy and vigorous, 
the stomach is found to be dissolved, c‘ven to the extent of perforation. This was first 
noticed by John Hunter (Phil. Trans. 1772), who attributed the immunity of the 
stomach during life to tho vital principh'. But Bernard showed that parts of living 
nnimals, frogs’ legs for example, are digested \idien introduced through a fistulous 
o|Mning into a living stomach; and Dr. Pavy has obtained the same result with tho 
extroiiiity of tho ear of a living rjibbit, clearly showing that it is not vitality which 
protects the stomach from the act ion of its own secretion. 

Th(‘ protecting action has also been attribut(‘d to the epi thelial lining or mucous mcm- 
l-nino nf til e stomach, which, though acted on and dissolved, is constantly renewed, and 
thfivfore defends the stomach from injury; but Pavy has shown tliat a patch of 
imicous membrane of the size of a erown-p)iece may be removed from the stomach of a 
dorr, and food aftorwards digested, without the stomach showing the least signs of 


Tli(! only satisfactory explanation of the immunity of the stomach during life is that 
(if Pr. Pjivy above mentioned, namely, that the acidity of the gastric secretion is neu- 
fi'.ilisid l>y tlio alkalinity of the circulating blood. Even when tho circulation through 
l!ic stomach is arrested during life by ligatures, the mucous membrane is not always 
titliicked, because there is tln*n still a circulation all round the stomach, and from tho 
i'lcilify with wliich tlic permeation of fluids takes pduce, a certain amount of counter- 
in'! ivo influence is still exerted; but if a dilute non-corrosive acid (pihosphoric or citric) 
i' iiilroduccd at tho same time into the stomach, so as completely to neutralise tho 
iilkali of the blood, tlie gastric juice then exerts its action, and solution and perforation 


quickly take place. • ^ i. 

The digestion of certain living tissues, viz. the frog’s legs and the extremity ol the 
Tiibbit’s ear in the experiments above mentioned, probably arose from the supply of 
Mood to those organs not being sufl5.cicnt to yield the quantity of alkali rcHiuired to 
uviilralise the acid of the gastric juice. 

Artificial Gastric Juice is a fluid obtained by treating the glandular tissue of 
llu* stomach in a peculiar manner with hydrochloric acid : it possesws, in common 
willi natural gastric juice, the power of converting nitrogenous articles of food in o 
sol ul)](. iion-coagulable substances. (See Pepsin.) ^ v • i 

GAVXiTBBRZA*OX&, or Oil of Wintergreen, is a volatile oil or essence obtaincil 
from the GaultJicria 'procumhem (wintergrecn, or Canada tea), a trailing jiliint o lo 
'•I’ieaeeous order, which grow's abundantly in New Jersey. The oU exists in al 
of tho plant, but chiefly in tho leaves, w^hence it is extracted by 
hIcoIioI or ether, or by distillation with water. It is colourless when 
exposure to tlio air it acquires a red-brow'n colour, which, indeed, t e 
usually exhibits. It has an agreeable aromatic odour, ® ^ * 

It consists of 7 n€thyl~salicyhc or gaultheric acidf H.CIP)^ Salictuo 

Ethers), mixed with a small quantity of gavithcrilene, a 
of turpentine. When distilled, it begins to boi lat 200° 

g;mltherilene chiefly passes over, and the boiling On distilling 

222^ at which temperature the puramethybsalicylic acid ^aulth JS 

tHe oil with Btron/potash.or soda-ley, methylic Tcahouff 

pass over, and salicylate of potassium remains in the retort. ( 

Ehys. [3] X. 327.— Procter, J. Pharm. [3] iii. 276.) <»onqistin2 of methyl- 

All oil nearly identical in properties with winteigreen oi , the 

^flheyhe acid, unmixed with gaulthcrilcne, is obtained . a^tree crowing in 

\ the Bctula lenta (sweet birch, blair hirch, ^herry _ ^ ^ attars to be 

America. This oil does not exist in the bark 
produced by the action of a substance resembling omubi g » 
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Anidogous to the amygdalin of bitter olmonda : for, when the dry pulverised bark is ex. 
hausted with cold alcohol of 90 per cent., the residue does not yirdd methyl -salicyiiQ 
acid by distillation with water ; but on evaporating the alcoholic tincture, and treatinf? 
the residue with water, the odour of wintcrgreen oil is evolved, and by distillatiou a 
liquid is obtained which reddens ferric salts, an indication of the presence of salipvi;A 
acid. (Procter, loc. cit.) ^ ® 

OAinbTBX&ZC ACZD. Syn. with Mbthyl>salictmc Acid. 
CMLinbTHSBZIbXXrS. The hydrocarbon isomeric with oil of turpentine which 
exists in wintergreen oil. Tlie best mode of isolating it is to distil wintergr(*en oil 
with caustic alkdi, as above described, wash tbe heavy oil wliicli settles at the bottom 
of the watery distillate, first with alkaline, then witli pure water, and rectify it over 
potassium. It is a colourless mobile oil, ha'inng an odour like that of pepper. Boils 
at 160° C. Vapour-density 4-92. It forms a resinous mass with nitric acid, and 
viscid products with chlorine and bromine. (Cahours.) 

OAT-ablTSSZTB. A native carbonate of sodium and calcium, 2NaCaC()* + 
6H“0, found at Lagnnilla, near Merida, in Columbia^ dissoininated at tho bottom of a 
small lake in a bed of clay, covering ttrao. The natives call it efavoa or nails. It is 
also found near Sangerliausen in Thuringia. The crystals are prisms belonging to the 
monoclinic system, transparent or translucent, with yellowish-wliite colour, and px- 
liibiting double refraction. Specific gravity 1*92 to 1*99. ITardiu’ss 2 to 3. Kx- 
trernely brittle. Fracture conclioidal, with vitreous lustre on tJio fractured snrfuci;. 
Streak greyish-white. Decrepitates slightly when heated, and becomes opaqu(? from 
loss of water. Melts rapidly before the blowpipe to an opa(]iie V^cad. wliidi has a 
strong alkaline taste, and when once formed is no longer fusible. The pnlveristd 
mineral, before ignition, dissolves sparingly in water wiMiout decomposil ion, forming « 
solution which reddens turmeric. Tho anhydrous salt is resolvcul by water into 
soluble carbonate of sodium and insoluble carbonate of calcium. (Dana, i. loa; 
Gm. ii. 216.) 

OSBRZTS. A variety of hornblende, resondding anthophyllite, from (ledn- in 
the Pyrenees. It contains, according to Dufrenoy, 38*81 per cent. SiO’^, 9’31 Al'O*, 
46*83 Fe*0, 4*13 Mg'*'0, 0*67 Ca^O, and 2*70 IPO. 

OSHBZnVXTB. A silicate found mostly at Mr^unt Manzoni, in tho FasHti Valley 
(Tyrol), in isolated or aggregatcxl crystals invested bv ejilcspar. The crystals are short 
square prisms, sometimes tabular. Cleavage irnperfect i)arall(*l to tho T)Ji.se. Sp(^cilic 
gravity 2*9 to 3*067. Hardness 6*6 to 6. Lu-stre r(\sinoiis, inclining to vitro')iis. 
Colour various shades of grocri to grey and brown. Frnctiiro UT>evcn- splintery. Tlie 
pow'der is easily decomposed by hydrochloric acid, with separation of gelatinous silica. 
Aticordrng to Ram melsb erg’s analysi.s ( p. 732), tin’ mineral contains - 
SIO* AP()» Fe"()» FeO mid MiiO CaO Mt;0 H*0 

29*78 22*02 3*22 1*92 37*90 3*88 1*28 = 100*00 . 

whence may be deduced the fornmla 3M"0.1v 0^2.SiO- or (M";®(lP)**Si''*0‘® (M'^ 
denoting a monatomic, and R*a Iriatomic radicle, sucli }is nluniinium); and if we 
write m =» §R, this formula becomes (M'W')*Si'0‘®, which is of the general form 
(M")«Si*0‘®, or (M'7SiO» « 3M"O.SiO‘'. (Dana, ii. 266.) Tlio term ?nassiv6 
OehietHte is appli^ to a variety of Mellitito (g.v.) 

elate ACZB and OBZnr. See U 1 .HIC Acm and Ulmin. 

. OaBATZa. Bone-gelatin, A nimoL glutin, (Lehmann’s Bht/siologkal Chemis- 
try^ L 39. Oerhardt’s Traiie^ iv. 607.) — When bones aro digested 
' length of with hydrochloric or nitric acid diluted with 9 pts. water, and the 
liquid, le decanted and replaced by water less and loss acid, the whole of tho mineral 
* .-'^sonadtuents pf the bones are dissolved out, leaving the chief organic constituent 
bPhe- cartilage, as a yellowish, transparent, clastic substance, retaiiung the 
pfimlttve form of the bone, and becoming exceedingly hard and slightly bnt 
OQ diyiDg, This substance, which is also the chief constituent of the serous 
branes, me connective tissue, the epidermis, tendons, horn, 3tc.,. has been 
oasei^ or ostein, by Verdeil and Robin. Ossein, when completely exha^tea oj 
dilate acidi contains but a trace of mineral matter; it is washed with 
tmtil the wash-waters no longer acquire an acid reaction, then dried, and breatw 
, aieohoi and eflier. According to Fr^my, it always has an acid reaction, which 
bj washing with feebly alkaline water. Boiled with water, ossein i®. 
gelatin, without either evolving or absorbing gas ; indeed, the comp^ition of the 
b^es does not seniib^ difiTer. The presence of an acid greatly faicilitatea this trs 
fomadon. Ossein ^ntains 49*2C, 7*811. and 17*9N (Fr?my>, with between 0*0 ana 
0*7 cent, sulphur. (Verdeil, Schlieper.) 
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kinds of gelatin occur m commerce. The purest, called iohthyoooli, or 
isinglass, is extracted from the internal membrane of the swimming-bladder of the 
sturgeon, a fish very common m Russia. An inferior kind of isinglass is manufactured 
fromUBh-honea. Glue i8 a mide p^uct, prepared by boiling down pieces of hide, 
bones, horn, hoof, cartilage, &c., with water, either at the common atmospheric pres- 
sure or under a higher pressure (at 106° or 107° C.). After the concentrated Bolution 
iirts been clarified, it is converted by cooling into a trembling jelly, which is cut into 
thin slices by means of a wire, and then dried. In this form it is met with in com- 
mercc.^^ Common glue is far from being pure gelatin : it contains substances soluble 
in cold water and in alcohol. To purify it, the solution of glue is allowed to gelatinise 
in cold Witter, and the jelly is mechanically divided, tied in a cloth, and placed in con- 
tact with warm water, which is renewed from time to time. When the whole of the 
colouring matter has thus been extracted, the jelly is molted in water at a gentle heat, 
and the insoluble portion is filtered off’. The elcar solution, mixed with its own volume 
of alcohol, yields a precipitate of pure gelatin. Gelatin is often prepared by treating 
bones with dilute hydroeliloric acid. The ossein thus obtained is washed and melted 
in ji lilMo water. 

Chnnical and j)h7/Siical properties . — Dry gelatin is a colourless or yellowish sub- 
stiiuco, transparent in thin plat(\s, elastic, vitreous, liard, and brittle. It has neither 
taste nor smell, is not affl ctcd by the atniospliere, and is neutral to veg(!tablo colours. 
It is heavier than water, and is insoluble in alcohol and ether. In contact with cold 
water, gelatin swells and incTeasoa about 40 per cent, in weight, becoming translucent, 
]>nt (loc^ not dissolve appreciably. The jelly di.ssolvcs in liot water, and the concen- 
trafod solution is precipitated by alcohol in the form of a white dotted mass. 

When a concentrated solution of gelatin is boiled for some time, it gradually loses 
the ja-oporty of gelatinising on cooling, and the lujuid on evaporation leaves a deli- 
qMcsciug residue, resembling terebinthin. The solution, however, yields witli alcohol a 
invcipitatc of the same compo.sitioii as gelatin. 


MuUter. 

Stag-liorn. Isiujjlass. 

Ciirrion . . 40*4 . , 50'1 

llydi’ogon . . 6*0 , . 0*6 

.Nitrogen . . 18’4 . . 18’fi 


Fieaiy. v. Goudttver. 

X ^ Gelatin modifled 

BHet'-boneu. Cartilage. by Imiling. 

50’0 . . 49-81 . . 48-9 

C-5 . . 714 . . 6-5 

17*6 . . 17*38 . . 17*4 


Sulphur , 

0xyi;en , , 

iStililiopcr found in bone- and ivory-gelatin between 0'12 and 0*14 per cent, of sul-- 
I hill* ; and v. Bibra always found very appreciable quantities of sulphur in bone-gelatin, 
th latin precipitated by alcohol gives but a trace of ash. Common glue, hoover, 
iilwiiy.s contJiiiLS a largo quantity of phosphate of calcium, and, according to Muldor, 
this substance i.s an essential con.stituent of gelatin. ^ ^ 

Moist gelatin exposed to the air rapidly putrefies; the liquid atfiret becomes highly 
acid, l)ut afterwards gives off a large quantity of ammonia. This property of first 
In coming ac-id i.s characteristic of gelatin. ^ •, -.v 

Suhniifrted to dry distillation, gelatin yields an aqueous distillate charged with 
I'oiuite of ammonium, and a thick brown oil containing sulphide, carbonate, and cyanido 
of ammonium, various volatile alkaloids (aniline, picolino, methylaminc, tntylamine, 
tctrylamine, pyridine, lutidine, pyrrol), together with certain neutral oils not yet in- 

Purc sointion of gelatin is not precipitated by dilute alkalis. Boiled 
tr.it.vl solution of potash, it yields leucine, glycocine, and other products. The same 
reaction takes place when gelatin is carefully fused with hydrate of potassium. 

It is not precipitated or rendered turbid by any acid, exce^^ the ann ^ 
^olatiu ivs dissolved by concentrated sulphuric acid in the cold. timdnets 

water and boiled, yields leucine, glycocine (sugar of gelatin), an o ^i^fained 
G.rlmrdt, by boiling inglass for several days with ^e sulphuric 
snlphatG of LmoniL, and a considerable quantity of a sacebarmo ® 

Jiito alcohol and <*arbonic acid by fermentation, the elements 

<'xtent Hunt's view of the constitution of gelatin. He finds that y ^ formula 

ammonia to the formula of starch, and subtracting the elemc ^ i 

18 obtained freeing pretty nearly with the composition of gcla ui . 

(jejjiooa + 2NII* — + 3H*0. 

This formula would require 60-70 C; 7-04 H; 19-71 N; md 22-66 0; the nitrogen M 
too high. 

Mati^f manufacture of gelatin for culln»aiy purpOBci, * Dictionary gf d ,4 

wiaviufacture of glue, iWrf. 876, 
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■ Gelatin is attacked by hot nitric acid, oxalic and saccharic (?) acids being producod 
together with a fat and an astringent substance. (B erz e 1 i u s.) ^ 

' Lime and pho^hate of calcium are much more solubhi in a solution of gelatin tlian 
is cold water. Chemical compounds of gelatin and phosphate of calcium may be pre- 
pared. It is not unlikely that ossein and phosphate of calcium may be in chemicul 
combination in the bones. (Lehmann, Gmlms Handhuch, viii. [2] 667.) 

. Solution of gelatin is not precipitated by aJim or ferric srd'phatc; on the addition 
of alkali in sufficient quantity, a precipitate is formed containing gelatin and a basic 
sulphate. It is not precipitativd by ferrocyanide of 'potassium (this distinguishes gelatin 
fSrom the protein-compounds), nor by nmtral or basic acetate of lead. It is rendered 
turbid by the addition of a small quantity of mercuric chloride; the precipitate re. 
dissolves on shaking, but becomes permanent on the addition of excess of the salt. It 
is not precipitated by nitrate of silver or chloride of gold, but reduces thorn partly to 
the metallic state. It is precipitatcfl by plalinic chloride. 

Sulphate of copper does not precipitate gelatin ; the green liquid turns violet on 
addition of potash, and is not precipitated by ammonia or phosphate of sodium. 

By distillation witli dilute sulphunc acid and peroxide of manganese or acid chro- 
mate of potassium, tlie same products arc obtained with gelatin as with albumin, viz. 
carbonic acid, formic acid and its homologues up to caproic acid ; also prussic acid, valero- 
nitrile, acetic and butyric aldehydes, benzoic acid, hydride of benzoyl, and a heavy oil 
having the odour of essence of cinnamon. 

Gallotannic acid, and other kinds of tannic acid, form compounds with gelatin. The 
precipitate, from concentrated solutions, is obtained in clotted flakes, or as a bolt, 
elastic, imputrescible mass. The precipitate is insoluble in water, alcohol, ,in(i 
ether, but soluble in a warm .solution of potash. It becomes hal’d and brittle^ on 
drying. 100 pta. gelatin dried at 130° C. yield, with gallotaTinie acid, between lilt 
and 135’6 pts. product. The composition of the precipitate does not appear to bo 
constant. This reaction is so delicate that a solution containing 0 0002 pts. gelatin is 
rendered turbid by an infusion of gall-nuts (p. 763). 

; When a current of gaseous chlorine is passed through a .solution of gel .-i tin, m ivliite 
pellicle forms round each bubble of gas, and the whole of the gelatin is finallv (irc- 
cipitated in flexible, clastic, nacreous, gelatinous, transparent flakes or tilatucnfs 
(Th6nard, Bouillon-Lagrango). The precipitate is tasteless, slightly acid, imputri s- 
cible, insoluble in water and in alcohol, and soluble in alkalis. On exposure to tiu* 
air it exhales an odour of chlorine. A similar product is obtained with gdatin a hicii 
has been boiled for some time with water. No similar products arc obtained by sub- 
stituting bromine or iodine for chlorine. 

Sources and physiohgical rdaiions. Bone-gelatin is obtained from the following 
ti.ssues by Ixiiling them for a longer or .shorter time with water: from the cartilnt'ios 
of bone (after os.sifieatioii), from tendons, the skin, calves’ feet, liurts’ horii.s, i.singlnss, 
the scales of flsh, and from the permanent cartilages, when they become os.sifieil by 
disease (see Chonpbin, i. 930). The conversion of these animal parts into gelatin 
proc<?eds without any evolution or alisorption of gas. Indeed, a comparison of the 
analysses of pure gelatin with those of the tissues yielding it shows that then^ is no 
chemical dilFerence between the two, or that at most they diiFer only liy a few mole- 
(?ules of water. Hence it appears that, in the formation of gelatin, the material of tho 
tissues merely undergoes a re-arrangcment of its atoms, or that at most it only ftssi- 
xnUafres water, just as starch does when converted into gluco.so by prolonged boiling. 
The formation of gelatin from the gelatigenous tissues is greatly facilitated hy il^ 
presence of acids. Schlieper found that the ossein of fossil bones, the organic sub- 
stance of which had been preserved, had been converted into a gelatinous substance 
or into true gelatin. That of diseased bones does not appear to differ from 
ossein. In the bones of certain waterfowl, and in the ribs of certain fishes, Fremy 
found, instead of ossein, an organic body isomeric with that substance, but incapable or 
being converted into gelatin by boiling. The fibrous tissue of embryos does not yicW 
gelaun by boiling with water. It contains an intercellular substance yielding agela* 
Snous substance and albumin, (Scherer.) ^ _ 

According to J. Muller (Pogg. Ann. xxxviii. 313), tho cornea contains, not 
but a substance resembling chondrin. In cases of leucocythemia, Scherer founa 
gelatin in the blood. The .filtered serum of the pus from a femoral abscess was foun 
to contain gelatin {^QmelirC s Handbuch, viii. [2] 627). Beef contains 1*9 wr cen 
tendinous tissue capable of being converted into gelatin by boiling with water. 
(Bersselius.) ^ , 

laebig has remarked that gelatin has the property of inducing sacchi^’flcation. 

<}elatin, and tissu<fff yielding gelatin,, are converted in the stomach into 
which correspond petfeetly in most of their physical and chemical properties with tn 
peptones of albuminoids, hut are distinguished by the power of turning the plHne 
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polarisatiw <rf « Jumi^w »y to the left (p. 824). Ready-formed ireUtin i. 

«»>mectiye ti«ue, and the klterfar mow re^“y 

diSostiMe eul, stances. According 
toBlondlo^ when a dog ^ fed mth 100 grme. gelatin from calvce’ feet. wylittk.Il! 
named undissolyed in the^omach afkr three quarters of an hour ; and in one hour 
the stomach was empty. The same observation was made with ichthyocoll Qcl .ti 
nous tissue, pwviou% boiled, readily undergoes the stimo change. Pieces of leather 

*" “ 

According to Frerichs, digested gelatin loses on cooling tlie properties of colatinisiiiff 
and of being p^cipiteted by chlorine, but still gives the charact(*ri8tic preeipiUte with 
tannic acid. The same effect is not produced by artificially digesting gelatin with 
a dilute acid. 

The nutritive qualities of gelatin have been much disputed. Liebig ascribes lit tie 
if any nutritive qualities to it, but his experiments do not appear to bo quite eonelusi ve. 
In jellies, &c., it does not perhaps add much to the highly nulritive prop^erties of tlio 
eubstauces for which it usually serves as a vehicle. (j, E 

OEXijBsTlSr, VBGSTiLBXiB. See Gluten. 

GBXtXXmmz CORZSTBUME* See the next article. 

GBEOBB. (Payen. Compt rend. xlix. 621 ; Prkts de Chimie Tndu8truW„ I"- 
id. il. 727.)— A gelatinous principle which forms the essential constituent of a v«jgo- 
table substance called Chinese moss (mousse de Chine), first imported into Franco 
from China in 1856. This substance, which is found in commerce in small bundles of 
long and very fine threads, is said to bo obtained from several lichens gr<>wing on 
trees in the south of China, and the southern islands of the Philippine Archipelago. 
It is quite destitute of organised structure, and contains only 0'0G()7 per cent, of 
matter soluble in cold water, and a still smaller quantity, viz. 0 007 pe r cent, soluble in 
alcohol It swells up in cold water, and dissolves almost wholly in boiling water, leaving 
only a small quantity (2 or 3 per cent.) of azotiscid corpuscles. The solution on cord- 
ing coagulates into a colourless trjinslucent jolly, containing a quantity of water equal 
to about 600 times the weight of the original substance. 

This jelly, when dided, yields gelvse, a substance insoluble in cold water, alcoliol, 
ether, weak solutions of potash, soda, or ammonia, dilute acids, and ninmoniaeal 
poliition of copper. Acetic acid of 8° Jim. dissolves it. It is soluble also in a very 
pmall quantity of strong sulphunc or hydrochloric acid, acquiring a brown colour, and 
gnidually forming a brown coagiilum, which may be washed without alteration in hot 
or cold water, or in caustic alkaline solutioiuj. 

Qeloso contains 42’770 j)er cent, carbon, 6-776 hydrogen, and 61'465 oxygon. N 0 
definite compound has yet been formed of it, so that its atomic weight and rational 
formula must for the present remain undetermined ; but it belongs to that class of 
proximate principles which contain a larger proportion of oxygen than is required to 
form water with tho hydrogen. 

The species of liclion which yield the commercial aiiiele are. not exactly known. 
Payen has examined several lichens with the view of obtaining it, but htus only found 
slight traces. On the contrary, he has obtuiiiod it in abundance from certain alg;e, 
yh. the Java sea- weed (Gelidium cornemn), and the PIvearia licJunuidis, a sea-weed 
from the Mauritius ; in small quantity also from several European algie. From Java 
8ea-wced it is extracted by treating the plant in the cold successively with dilute 
hydrochloric acid of 0'02, or dilute acetic acid, water, and w-eak ammonia ; 'wa.shing it 
thoroughly to remove earthy and alkaline salts (including 53 per cent, of carbonate of 
calcium), and extraneous organic matter; exhausting the rcisiduo, which con fains 68 
per cent, of glucose, with boiling water as above ; and drying the j<dly which forms on 
cooling. 

Gelose yields ten times as much Jelly as an equal weight of isinglass, and may, 
therefore, perhaps be economically used in place of that substance. It is true that it 
contains no nitrogen ; but as gelatin is said to servo rather as a vehicle for nutritious 
matter, than as a directly nutritious substance, it is possible that geloso may bo found 
applicable to the same purpose. 

OBMS, ELRTZBXOZAaL. See Urds Dictionary of Arts, &c. ii. 328. 

OaSTXAir. Gentiana lutea.—Tbe root of this plant, which is ahnwlant in 
Switzerland, the Tyrol and the Auvergne, is cylindrical knotted of ytdlowish-brown 
colour, disagree^ible odour, and strong bitter taste. Tho aqueous infusion is mue i 
«sed as a tonic. The root contains gentianic acid, a peculiar bitter called 
bitter, uncrystallisable sugar, a volatile oil, a green oily matter, pec * 

yellow colouring matter and celmlose. 
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Gentian -bitter maybe separated from the aqueous infusion of the root by animal 
charcoal, and extracted therefrom by hot alcohol. It is yellow, uncrystallisable, and 
reduces an alkaline cupric solution. 

The liquid from which the bitter has been extracted by animal charcoal retains iu 
solution a Largo quantity of uncrystallisable sugar, and a substance which iinixirts to it 
a strong green iridescence or fluorescence- (H. Ludwig, Arch. Pharm. [2] cvii. 132- 
Jahresb. 1861, p. 763.) 

OmmASnc ACXB. Gentmnin, Gentutic acid^ Gmtisin^^Aji or- 

^nic acid existing in the root of gentian {Gentiana lutea\ discovered by Henry and 
Caventou (J. Pharm. vii. 173), more fully examined by Baumert (Ann. Cli, Pliann. 
Ixii. 106). It is extracted by treating the powdered root with cold water, to reniov.* 
the hitter principle; then pressing, drying, and exhausting it with strong alcohol ; 
distilling off the greater part of the alcohol; and treating the brown, resinous, very 
bitter residue with water, which scpfirates light-brown flakes cont^iining.. gentianic 
acid, a resin similar to caoutchouc, a fatty substance, and a bitter principle. They 
are treated with ether to remove the fat^ and then dissolved in alcohol, which leaves on 
evaporation a crystalline mass, still bitter, and mixed with resin. By repeated crys- 
tallisation from alcohol, the gontianic acid is obtained in needles, quite tasteless, and 
having a light-yellow colour ; 10 kilogrammes of the dried root yield only 3 or 4 gnus, 
of pure gentianic acid. (Baumert.) 

Gentianic acid crystallises in slender needles, which require 36‘30 pts. of water at 
16° C. to dissolve them. It is more soluble in ether, and still more in boiling alcoliol. 
The solutions are neutral to vegetable colours. It is also very soluble in alkalis, a 
small quantity suilicing to impart a golden tint to an alkaline liquid. It contaius, 
according to Baumert’s anMlyHi.s, 66*06 per cent. C, 4 12 H, and 30*82 0, agreeing 
nearly with the formula 

Gentianic acid is unalterable in the air, and may be heated to 200° C. ^vithont 
decomposing. Between 300° and 340° it sublimes partially in yellow needles, tho 
greater part, however, becoming carboni.sed and emitting a peculiar odour. It is n(>t 
attacked by hydrochloric, acetic, sulphurous or dilute sulphuric acid ; strong sulphuric 
dissolves it with yellow colour. Nitric acid of specific gravity 1*43, free from 
nitrous acid, dissolves it, forming a green solution from which water throws down a 
green powder, consisting of dinitro gentianic acid, 0“JP(N0")^0* + H^0. This 
acid, in contact with alkalis, assumes a fine cherry colour, even the ammonia in tho 
air sufficing to produce it in a cx^rtain degree. When gontianic acid is added by small 
portions to fuming nitric acid^ the violent action being each time allowed to sub- 
side before a fresh portion is added, a solution is obtained from which water precipi- 
tates a yellow crystalline substance, probably consisting of trinitrogen tianic acicl, 
C>^HXNO»)K)*. 

CMorine passed into an alcoholic solution of gentianic acid throws down light- 
yellow flocks containing chlorine. 

Gentianic acid decomposes alkaline carbonate’s. The gontianates of the alkali- 
metals are soluble and ciystalliso in needles, but do not appear to be of constant com- 
position. Tho barium-salt forms an orange-coloured flocculeut precipitate, containing 
C**H*Ba''0* + H*0. The had salt is also an orange-coloured precipitate, obtained by 
adding gentianic acid mixed with ammonia to neutral acetate of lead : it contains 
OUH»Pb"0».PbHO. 

Gentianic acid forms green precipitates with cupric salts, brown with ferric salts, 
and reduces salts of silver, 

OBXrrxajrZir. Syn. with Gentianic Acid. 

OSOOBSJUnr. A waxy body isomeric with gooceric acid. 

OBOCBBXO AOXD. — ? (L. Briickner, J. pr. Chem. IviL 1; Jahresb. 
1862, p. 647). — A. waxy acid similar to and perhaps identical with cerotic acid, ob- 
tained, togetner with other waxy and resinous substances, from some peculiar kinds of 
earthy lignite found at Gerstewitz, near Weissenfels. 

A yellowish-brown variety of the lignite exhausted with ether yielded by evapom- 
tion a yellowish-brown residue, consisting: 1. Of a resinous substance, leucopetrin, 
0**H**0*, insoluble in alcohol of 80 per cent,, but slightly soluble in boiling absolute 
alcohol, whence it c^stallises in tuned groups of needles, melting above 100° 0.-- 
Sk Of waay and resinous substances, soluble in boiling alcohol of 80 per cent. One 
cf these latter, precipitated from the concentrated iumI cooled ^oohoUc sola* 
tion by alcohoUc acetate of lead, separated from the lead precipitate by strong acetic 
add, and recrystallised from alcohol, formed small needles. Its solution delded a 
dirty green predpitate with cupric acetate ; its ammoniacd solution gave oflf all the 
unmonia on eyapo^on, Bruckner assigns to the substance which unites with the 
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l^ea in these salts the formula and calls it gooretie acid.— 3. The 

filtrate from the lead precipitate contained two resins, one of which separated by slow 
evaporation in the pulverulent form, and exhibited the composition and 

the other separated after further evaporation as a soft, tough, brown, transparent 


The same variety of the lignite subjected to dry distillation gave olf a large quantity 
of illuminating gas and white vapours, which at first condensed to an oily liquid, 
afterwards to a buttery mass, the solution of wliich in boiling alcohol of 80 per cent, 
yielded on cooling a combustible c^stalline substance, geo ceri none, op 

C“H‘ ®0, the acetone of geoceric acid, which, when purified by recrystallisation, exhi- 
bited microscopic six-sided plates, melted at 60^ C., was not altered by aqueous potash, 
but was converted bv chromic acid in the nascent state into a waxy acid. The alcoholic 
liquid from which the geocerinone had separated retained an oil in solution. 

A dark brown variety of the lignite, freed from georetic acid and other resins by 
exhaustion with cold alcohol of 80 per cent, yielded, on subsequent boiling with the 
same alcohol, the following substances ; 1. The hot-filtered alcoholic liquid deposited 
on slight cooling, a pulverulent substance, geomyricin, or wliich. 

however, was obtained in greater quantity when the resin, after exhaustion with cold 
alcohol of 80 per cent., was boiled with absolute alcohol After several rcci^'stallisa- 
tions, it formed white pulverulent masses of microscopic capillary crystals, melting 
between 80^ and 83° C. — 2. The still hot alcoholic liquid, filtered from the geomy- 
ricin, heated to the boiling point, and mixed with a hot alcoholic solution of acetate of 
lead, deposited the lead-salt of geoceric acid, which was extracted therefrom by 
strong acetic acid, and purified by recrystiillisation from alcohol. This acid may also 
be obtained by saponifying the waxy bodies contained in the alcoholic decoction of 
the lignite with potash, decomposing the soap with chloride of barium, and the puri- 
fied barium-salt with acetic acid. It dissolves readily in hot alcohol, and separates 
almost completely on cooling in the form of a gelatinous mass. It melts at 82° C. 
Bruckner expresses its composition by the formula or and ob- 
serves that it closely resembles corotic acid, — 3. The liquid filtered from 

the precipitate of gcocerate of lead contained in solution a neutnil wax, geocorain, 
isomeric with geoceric acid, which separated fx*om tho hot-filtered liquid!, on cooling, 
in tlio gelatinous form, and, when purified, melted at 80^ 0. 

CrBOCBltZSroxa’Bt — The acetone of geoceric acid, obtained by dry 

(listillatioii of either the yellow-brown or the dark brown variety of tlxe lignite of 
Weissenfels. 


GBOCROXQTXTB. (Dana, ii. 85; Gm. iv. I7fi.) A native sulpbantimonito of 
lead, 5Pb"S.Sb*S*, or from the silver mines of Sala in Sweden ; also found in 

Galliftia, at Meredo in Spain, where it forms nodules in gabma, and in the Valley di 
Gastello, near Pietro Sanio, in Tuscany. Usually massive, but sometimes in crystals 
belonging to the dimetrio system ; also granular or earthy. tSpccific gravity 6’4 to C'G. 
Hardness = 2 to 3. Lustre metallic. Colour and streak f rom light luad-groy to greyish 
blue. Fracture uneven. Crumbles easily and soils tlio fingers. Fuses reatlily before 
the blowpipe, giving off fumes of antimony and sulphur, and colouring tho charcoal 
yellow. A variety called KUbrickenitCy from Kilbricken, County Clare, Ireland, conUiiiis 

6 at. lead to 1 at. antimony ; 6Pb"S.Sb*S’ or 


y\ 
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Sulphur . 
Antimony 
Arsenic . 
Load 

Copper . 

Iron and Zinc 


From S.ila. 

— — ^ 

From Meredo. From Tuscany, 

Kilbricki ntie. 
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Svanberg. 

Sau •'aye. 

Ki-rndt. 

. 16-26 
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17*32 

16*36 

. 9-68 

16*00 

9*69 

14*39 

, 4'69 


4*72 

68-87 

. 66*46 

64*89 

66*55 

1*61 

1*60 

1*15 

0*38 

0*63 

. , 

Iron 1*72 

9802 

99*39 

101*15 

I()()”60 


G803>B« a rounded nodule of stone containing a cavity usually lined with crystals . 
geodes frequently consist of lignite, clialcedony, &c. 

■ C^BOBOOTp CBSmSTRT Ol". Since tho severance of geological science, 
properly so-callod, f^m the speculative systems of cosmogony, with which it was 
associated up to the commencement of the present century, its development has been 
matorially aided by the appUcation of the knowledge acxiuired in other departments of 
»«warch, to the critical ex^nation of geological phenomena, and to the elucidation of 
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the various problems suggested by them, as to the mode in which rocks and btrata 
have been formed or altered from their original conditions. It being no longer reg;iril(.(i 
as the object of geology to discover how the earth originated, but merely to uso^rtain 
the history of its existence and changes, it is evident that the records of timt 
history must be read in accordance with those laws of nature which are known to oi). 
tain in the phenomena and changes taking place at the present time. An eminent 
geologist, in referring to the relation between geology and other physical sciences has 
remarked that, as an historian should be at once profoundly acquainted with all 
branches of knowledge by which any insight into human affiiirs, or into the moral ami 
intellectual nature of man, can be obtained, so ** it would be do leas desirable that a 
geologist should bo well versed in chemistry, natural philosophy, mineralogy, zoology, 
comparative anatomy, lx)tany ; in short, in every scitmee relating to organic and in! 
oiganic nature.” (L^eWs Principles, p. 2.) 

This necessity, now fully acknowledged by all geologists, has been complied with to 
a less extent in the case of chemistry than in any other. And yet it is from chemistry 
alone that data can be obtaihed which will admit of correct conclusions being formed 
as to many geological phenomena, such, for instance, as the formation and alteration of 
rocks and strata, or of the individual minends of w hich they are constituted. Prior to 
the latter part of last century, chemistry was not in a position to furnish tlie necessjuy 
data for the interpretation of geological facts, and the opinions of geologists with regard 
to the formation and alteration of rocks and strata conformed to one or other f>f 
two extreme views, "according to which, on the one hand, cver^^hing was supposc'd to 
have been produced by fire, while on the other hand, everything was suptiosed to 
have been produced by water. These two opposite doctrines were equally :idopt(d, 
without any inquiry being made as to how far the nature of particular rocks or niiiu.-r;ils 
might be consistent with the opinion that they had bcjon pi*oduced by the agenry of 
fire or of wat-er. Thus granite and all similar crystalline rocks were very genor.illy 
regarded as having acquired their present condition by the cryst^illisation of molted 
masses; but in granite it is always found that quartz, the least fusible of its t]ire(! 
<Hiittitituent minerals, appears to have been the last to cryst-fillise, while hdspar, tlio 
most fusible them, appears to have crj^stallised first, the crystals of felspar bc'ifig 
imbedded in those of mica and quartz. In syenite and other crystalline (piai'tzijso 
rocks, as well as in granite, th'' quartz is found to be, jvs it were, the matrix in wliich 
tho ciystals of the other more fusible minerals are imbedded : lionoe it would ap[)('f!r 
that the constituent minerals of these rocks wore not crystallised in such an order of 
(s|lccession as indicated by their relative degrees of fusibility, and as might Ix' 

expected if they were of igneous origin. 

Granite dykes and veins, not more than an inch or two thick, and sometimes as 1-hin ns 
j^per, are fr^uontly met with traversing and extending into other rocks, which must hfivi^ 
^'^ilden very intensely heated if these veins wore injected in a mclt-ed state ; but genernlly 
speaking the strata in which such veins are found do not present any indications of 
Imving been, at any period, intensely or at all heated, nor is tliere at the lines of contact 
between the granite veins and the surrounding rock any indication of the action of heat. 

These facts, and many others of a similar nature, are quite irreconcilable with the 
opinion that panite ha.s in all cases been formed by igneous action ; and if they do not 
prove that it has not been so formed, they at least open a wide field of inquiry as to 
the conditions under which granite has been produced. 

The various kinds of porphyritie lava furnish another instance in which the ch.a- 
racters of the minerals they contain are inconsistent with the opinion that these rocks 
were formed, as they now exist, from melted masses. Those rocks are undoubtedly of 
volcanic ori^n, but the important fact with regard to them is, that they are all -of very 
remote oripn, far anterior to the historic period. Generally speaking, the lava of more 
recent periods is either amorphous, or if it be of crystalline texture, it rarely presents 
imbedaed ciwstalline minerals of any size or symmetry, so as to have a porphyritie 
character. It is only in the most ancient products of volcanoes that such crystals of 
wernerite, garnet, leueite, and vesuvian are met with. A variety of circumstances 
connected with the relation these minerals bear to others with which they are associated 
in these rocks, all tend to the conclusion that they have been formed subsequently to 
the solidification of the lava, and not at all under tho influence of heat. 

The existence of hydrated minerals, such as zeolites, in some rocks may also be rc* 
garded as evidence that those rocks have not been formed by igneous action, or that 
they have undergone some considerable alterations by other means subsequent to their 
formation. Thus, for instance, no zeolites are found in lava, but in many kinds of 
basalt they are very abundant. 

Ixon^p^tes is a very frequent constituent of most c^stalline rocks, but this 
u decomposed bv a r^ heat. Its occurrence likewise in almost every variety 
w ledimentaiy is clearly indicative of its formation without the agency of hoat» 
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and lends probability to the same m^o of formation in crystalline rocka It la there- 
fore necessary to abstain from rogtu^ng crystalline minerals, occurring even in Tolcanic 
jocks, as being products of fusion, or from regarding their occurrence in such rocks 
as evidence of their formation in that way; and it is still more necessary to abstain 
fVom concluding that rocks whose geognostio relations indicate an eruptive origin were 
originally in the same condition that they exhibit at the present time. 

The class of rocks comprised under ^ the general torin of metamorphic rocks, 
have always furnished wide scope for speculation as to the mode in which they have 
acquired their present condition. These rocks, presenting evident signs of stratification, 
foiu remains, and sometimes all tiie features of sedimentary strata, also possess a 
structure more or less crystalline, and sometimes a gener 1 character so closely 
resembling that of massive crystalline rocks, as to be distinguishable from them only 
bv retaining faint signs of stratification which reveal their sedimentary origin. 
Hence it has been impossible to overlook the fact that the present condition of these 
rocks has been brought about by the alteration of sedimentary strata. Very remark- 
able theories of metamorphism have at various times been propounded, in winch tire 
and water, pressure, electricity, and magnetism have been made to perform strangely 
incoherent and anomalous functions ; but it is only quite lately that any attempts liave 
been made to trace, as it were, the various stages of metamorphism in rocks, and by 
Mcertaining what mineralogical and chemical differences accompany these vpious de- 
errees of alteration, to obtain a basis on which to found some general view with regard 
m the metamorphism of rocks, that shall bo consistent with observ(jd facts, and with 

"Sftra' evidence of the extent to which 
chemical action is concerned in the formation and alteration of rocks, the phenomena 
of psoudomorphisra and petrifaction have 

are^minerals presenting definite crystal-forms which do not belong to the substances of 
which those minerals now consist, but to other substances which have either wholly 
disappeared, or of which some fragments stiU remain. Pseudomorphs, though pre- 
aentuur an outward ciystal-form, are not really crystals, but merely aggregates of the 
substances which have been produced simultaneously with the destruction of those 
whosTouS they present. In like manner petrified or fossil organic 

remains are abundantly met with,- consisting of a variety of 
iiate of calcium the siiphatcs of barium, calcium, and strontnm, fluoride of 
nuartr onal talc, sosquio^de of iron, the carbonates of zinc, lead, and iron, black oxide 

been substituted, . , , . Mf-pnt in many minerals ar# 

^lu/true whether it ho an iaolatcd crystal of a ™neral that “ 

ftem theetudy of the more miiv whether any particular mineral is 

Strictly speaking, it may be ‘V 1 jt ugg not undergone some degree 

really in a normal condition of integrity, or whet . , , indicates the presence of 
of afteration. The analysis of . These 

minute quantities of substances not belonging to deducted in calculating the 

6ubstan?es, regarded as foreign^ or considered to he 

chemical formulm. Thus for instance, andal mineral indicate the presence 

anhydrous silicate of alumin^ but aU and 'manganese, and water. If these 

of potash, lime, magnesia, variety of andalusite which contains 

substances are merely accidental admixtui^, that 

the smallest amount of them will be nearest to i p-ocess The material changes 

The alteration of minerals is an after the lapse of long 

progress so gradually as to be chemically , ^^rxirArsion into mica, in which 

j . 4 ^ 1 ^ 


progress so gradually as to version into mica, in^^ 

periods. Andalusite, for example, is ^novm magnesia, and feme oxide aw 

change part of the alumina is removed, whu P jninerabas usually met with, is 

introduced in its place; hence it may be inferrc . . undergoes conversion into 

already in a state of incipient is abstracted, and magnesia sub- 

Bteati^ in which change the whole of the alumina is ansirac 

stituted in its place. . a ecological point of view, of th# 

This example will suffice to show the imp^ncc. in gcoi g 
VoL. IL ^ ^ 
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ininiite quantities of substances present in minerals. These acquire significance when 
compared with the constituents of the pseudomorphs resulting from the alteration of 
minerals in which such adventitious substances are found. They then no longer 
appear accidental, but indicative of the transition of one mineral into others ; they 
place clearly before us the progressive nltture of those changes, whose ultimate results 
are recognisable more obviously in pseudomorphs, and show that those constituents of 
a mineral, w^ich in h minimum proportion are rogjarded as accidental, may ultimately 
in a maximum proportion become essential. 

.There can be no doum that tlie chemical analysis of minerals would acquire a much 
higher value if its object were not merely to establish chemical formulae, but also to 
dlucid^e thfi formation of minerals. The fact that one mineral may appear with the 
oatwai^ form of another totally dist’nct mineral has been sufficiently well jestablished 
by mineralogists, and it remains for chemists to trace the processes by which the alterji- 
tion of the one into the other may take place. Time being so essential an element 
in the processes by which these changes are effected, it is not to be expected that they 
can be expf^hnen tally studied ; so that the only course is to ascertain by analysis the 
increase of the non-essential, and the decrease of the essential constituents of 
mineral, until a point is reached at which the one takes the place of the other. 

These processes may be considered to consist either in the direct conversion of 
one mineral into another, or in the production of a scries of gradational changes, 
furnishing minerals more distinct from the original ones, and more resembling the 
final product of the alteration. Thus, magnetic iron ore may bo directly converted into 
ferric oxide, while in the case of more complex -minerals, such as silicates containing 
several bases, there would he a long series of transitions, as in the alteration of cor- 
dierite, terminating in tho formation of mica, the minerals fahlunite, chlorophyllite, 
bonsdorffite, esmarkitc, oolite, woissite, praseolito, gigantolite and pinite are pseudo- 
morphous minerals, representing the different stages of alteration, and hence they 
• cannot be regarded as individual mineral species. 

With a knowledge of the substances removed and introduced at any stage of such • 
alterations, it may bo possible to arrive at some conclusions as to the means by which 
those alterations have been effected, which could not otherwise be accessible. It 
would not perhaps bo possible to effiBct tho conversion of augito, olivine, or honi- 
blonde into serpentine experimentally; but when serpentine is found with the forms 
■ of those minerals, that fact may be taken as evidence that such a conversion has 
, place. 

i:§ * If it be ascertained that a crystalline miaoral may undergo conversion into another 
>|fiiberal, which, as a pseudomorph, presents tho crystal-form of the original mineral, 
it may be safely inferred that the former mineral, in an amorphous condition, might 
undergo the same alteration. In such a case, however, the indication afforded by the 
crystalline form of the original mineral, as to the origin of the product of alteration, 
would be wanting. So, besides the positive evidence afforded by pseudomorphs, they 
also furnish the probability that similar alterations may have taken place in amorphous 
masses without their being recognisable. Thus, serpentine may have been, in some 
instances, formed by the alteration of amorphous rocks possessing the composition of 
angite, olivine, or hornblende ; and, on the other hand, minerals which, like mica, 
have an individual crystalline form, may in some instances, where they occur with 
their proper form, have been formed by the alteration of amorphous masses. 

In seetog to arrive at a knowledge of the means by which these gradually progressive 
alterations of minerals and rocks are effected, it is necessary to take into account a 
variety of influences wliich, though infinitesimal in themselves, -within ordinary periods 
of observation, are nevertheless capable of producing, by long continuance, effects 
which appear at first sight disproportionate. Chief among these are the ^tions 
exercised by water, and hy the substances it contains in solution, upon the minerals 
and rocks with which it comes in contact. 

The water, falling as ftin, penetrates rocks, and yields up the oxygen and carbonic 
acid it contains to substances capable of combining with them. It also extracts from 
the Toc]^ it traverses such substances as arc soluble in water alone, or by the aid of 
carbonic acid. In some cases water, penetrating to ^eat depths, meets with subter- 
ranean sources of carbonic acid, by absorbing which its solvent capability is greatly 
increased. The chief constituents of all rocks, excepting limestone, dolomite, and 
gypsum, are silicates, containing alumina, magnesia, the oxides of iron and manganese, 
and alk^s. The action of -water upon these compounds consists, not merely^ in solu- 
rion, but also in the decomposition of the silicates by the aid of the carbonic acid it 
Contains. The porosity of rocks, which such a penetration of water presupposes, is » 
ypjey general character even of the most compact rocks. . In basalt, for instance, small 
^ ^brey spots are often found in the interior, consisting of hydrated oxide of iroo* 
eome cases carbonate of calcium is minutely disseminated throughout the entire 
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mass of a eomprct bwdt Both thess substances must be regarded as resultinff fivim 
the decomposition of the silicates of iron and calcium eiistinf^n the ba^lTr^ 

bonic acid and oxygen conveyed into it by water. * ^ 

Silicate of calcium is roadily decomposed both by solutions of carbonic acid and 
alkalme lartonates, but silicate of maguesium is not decomposed by eitlier This verw 
different behaviour of the silicates of earths otherwise so analogous, is of ronsideroSi 
geological importance, and serves at once to account for the well-known facts of the 
rta^ disintegratwn of rocks containing silicate of calcium, and the extreme durability 
of those contammg silicate of magnesium. It also explains why steatite and talc 
consisting m their purest forms only of silicate of magnesium, are amon<» the most 
umiltorable minerals, and why they so often appear as the final produ'ets of the 
alteration pf minerals. * 

The decomposition of silicate of calcium by alkaline carbonates, and the frequent 
presence of the latter in the water percolating through rocks, afiord a duo to the con- 
version of wernerite into mica, a change consisting merely in the substitution of potash 
for lime. In like manner, most of the alterations indicated by pseudomo^is may bo 
traced to reactions between constituents of the original minerals and alkaline cai^bo- 
nutes, acid carbonate of calcium, or carbonic acid, substances which ure very commonly 
present in water. ^ 

Of the substances present in water, some, such as earthy carbonates, are no doubt 
derived, by direct solution, from rocks with which it comes in contact ; hut there are 
others, such as the alkaline carbonates, which do not exist in any rocks. Suck suh- 
Btauccs can only be supposed to originate from the decomposition of minerals contained 
ill the rocks ; and when water containing earthy or metallic carbonates issues from 
rocks consisting wholly of silicates, it is probable that those carbonates are also 
derived from the mincirals contained in the rocks, by decomposition. 

The uniformity in tho characters of the water of mineral springs shows that such 
processes of alteration are continuous and of considerable magnitude. As illustrations 
of the etfecta of such decomposition of silicates in rocks, tlie conversion of felspar into 
kaolin and clay may be mentioned os one of tlio moat irapoi-tant. .The decomposition of 
f'rruginous silicatea by tho action of carbonic acid and oxygon is also one of the chief 
causes of the alteration and disintegration of rocks. The elfects thus produced by 
water and the substances contained in it are not always of a destructive nature. 
Water containing alkaline silicates or silicate of aluminium is capable of giving rise 
to the production of silicate of calcium by reacting with sulphate of calcium ; silicate 
of magnesium may be formed by tho reaction of such water with magnesian salts, and ' 
ferrous silicates may be formed by the reduction of ferric silicates by tho carbonaceous 
substances in the sedimentary rocks. This change appears indeed to be an essential 
feature of the metamorphosis of rocks. Tho brown-coloured argillaceous deposits of 
rivers contain iron solely in the state of ferric oxide and ferric silicate, while the slate 
rocks, which have undoubtedly originated from <mcU deposits, contain chiefly ferrous 
silicates. In this series of changes it will be seen tliat, us in the phenomena of 
vegetation and animal life, tho atmosphere is also concerned. Tho oxidation of ferrous 
and manganous compounds which is so prominent a feature, of tho disintegration of 
rocks, is attended with an abstraction of oxygen from the atmosphere; while in the 
reduction of ferric and manganic compounds, under the influence of organic substances, 
the oxygen thus abstracted, is again restored to the atmosphere, cither in the stete 
of carbonic acid or in its original condition, after having passed through an inteim»diate 
phase of plant-nutrition : while the carbon, which has been tho means of this restoration 
of the oxygen by the ferric oxide of iron, again assumes a condition in which it may 
eventually repeat the same function. 

throughout all thd varjons. phenomena of mineral alteration, it is possible to 
trace for almost eveiy process of decomposition, a compensatory reproductive process 
by which the substances concerned in the former change are reproduced. The chang^ 
f'f this latter kind are, however, less directly recognisable, since the chief seat of 
formation, in its earlier stage of sedimentary deposit, is to a great extent inaccessible 
to observation. In the bod of the ocean tho materials continually carried down in 
solution, and mechanically suspended in the water of rivers, contribufe, partly undw 
tho influence of chemical action, to the formation of new strata. Notwithstanding tne 
lai'ge quantities of carbonate and sulphate of calcium thus carried into the sea, there is 
every reason for the opinion that the composition of sea-water is ^ little subject w 
«hange ns the eonftjosrtion of tlic atmosphere: for as this is 

the balanced and mutually supporting functions of animal and Tegetable > _ 

tomposition of sea-water is miintained constant by the consumpbon of f « ^tanate 
*f calcium carried into it by rivers, in tho formation of 
coral animals, which appear to be the chief agents of f**® 

)s in the fea also that a great number of changes are effected in sedunentary deposits, 

3 B 2 
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reralting in the conTemon of such deposits as those situated beneath and id the 
neighbourhood of Amsterdam, into masNes of slate, and probably of ^eiss and similar 
rocks. There, the materials furnished by the mechanical and chemical disintegration 
of rocks still situated abore water, are now undergoing the same changes as those 
which at some earlier period gave rise to the production of the former rocks, whoso 
subaqueous formation is indicated by the fossil remains embedded in them. 

This cyclical character of geological phenomena is very generably recognisable, not 
only in regard to the destruction and formation of rocks, but also in all the processes 
of mineral alteration; and though there are certain ininerals which veiy ^nerally 
appear as final products of alteration, such as mica, steatite, talc, quartz, &c., it is pro- 
bable that they should bo regarded in light but relatively, and that, in reality, 
thty only represent particular stages of wider cycles of alteration which are still 
unrecognised. B, H. P. 

Qeocebic Acid. 

OBOBSTZe ACZDt ( 

amUZlTATZOir or PLAW XS. To enable a Seed to germinate, the followiag 
•onditions are necessary : — 

1. FtUl maturity of the Seed itself — Only the ripe seed contains the necessaiy 
quantity of those constituents on which the nutrition of the young plant depends, 
before it has attained sufficient development to enable it to derive itz nutriment from 
the aiif and from the soil. Some seeds contain peculiar compounds, not found in other 
parts of the plant ; and, in all, certain proximate principles are developed in peculiar 
abundance, especially the azotisod bodies, albumin, legumin, and glutin, with a corre- 
sponding quantity of earthy phosphates. 

2. A certain temperature. — The temperature required for the germination of most 
seeds is from 10° to 30° C. (60° to 86° F.) ; some, however, will germinate at tempe- 
ratures as low as 4°C. (40° F.) The vitality or germinating power is absolutely 
destroyed by exposure to too great a degree of heat, but not by cold. Seeds can with- 
stand much greater extremes of temperature than the other parts of plants, their 
vitality not being destroyed by a cold of ~60° C. ( — 68° F.), or by a heat of 62^ C. 
(163° F.) in an atmosphere of steam, or of 76° C. (167®F.) in a dry atmosphere. 

It is commonly stated that seeds will not germinate when exposed to light. Tliis 
does not appear, however, to be strictly true. Germination takes place certainly more 
quickly in the dark; but Saussure found that mustard seeds when kept in moist 
atmospheres — some under a transparent, and others under an opaque shade— both 
i^^f^rminated with equal rapidity ; hence he concluded that the retarding action usually 
ascribed to light is really due to heat, which desiccates the seeds. 

3. The presence of watery which dissolves certain constituents of the seed, and thus 
enables them to act upon the insoluble matters ; whereas in the absence of moisture all 
the constituents of the seed remain in the solid state, and no chemical action can lake 
place. Too much water, however, impedes germination, by completely removing the 
soluble matters. 

All seeds contain a certain quantity of water within their own substance ; but they 
do not lose their germinating power by being dried in vacuo over sulphuric acid - that 
is to say, they are still capable of germinating when placed in contact with water. 
Some seeds lose their vitality when dried by heat ; others do not, provided the heat 
' applied is only sufficient to expel the water. The seeds of Phaseolm vulgariSy Portu- 
laca oleracea. Campanula rapuncvluSy and Papaver somniferumy lose their vitality 
when dried in the shade at 86° C. ; but those of barley, maize, lentils, hemp, garden 
cress, mustard, and lettuce, retain it under the same circumstances. Wheat, rye, 
Tetchea and cabbage seeds, retain it even at 70° C. When a seed has once germi- 
nated, and is then dried, it remains dormant, after being moistened, for a longer time 
than those which have not germinated. 

4 . The presence of oxygen. Seeds will not germinate in a vacuu^ in hjrdrogen, 

nitrogen, carbonic anhydnde, or carbonic oxide, in water deprived of air by boiling, op 
covered with a layer of oil, or when buried too deeply in the soil. They often begin 
to germinate under these circumstances, but quickly decay. Germination takes place 
witn pecnliar facility in presence of water containing a litUe chlorine, probably because 
the chlorine decomposes the water, and sets oxygen free. In the absence of light, or 
at low temperatures, when this decomposition does not take place, the presence of 
diiloxine ii rather hurtM than otherwise. Strong chlorine-water completdy destroys 
the vitalliy of seeds. , , . 

Gladstone found that the germination of onions was accelerated by the aaoition 
cif 8 per cent, of marsh gas to the air (Jabresb. d. Ghem. iii. 662). According to 
'Yiolette (Comnt rend, zxxriii. 906\i wood-charcoal is peculiarly fevdurabls to 
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in a d«k place the winter, germinated freely; while similar eerms ••-. mrinn.l 

in peat-as^ wood-sah, powdered gypsum, slaked lime or dry sand wre fo^d iTa 
state of ^trrfaction. According to A. Vogel, jun. (Ann^h. Phil.^!” 
germination is completely arrested by arsenic and its compounds, broxS^nd car 
bonate of copper, by mercurous chromate, and by Prussiin blue ; Ld retarded bv 
fluor spar, mereunc oiude, antim^ium e^um, stannic oride, earbonaterf m^ 
Siam ammonio-magnesian phosphate, and smalt; whereas several other sub"S 
which exert a poironous or a deleterious action on the animal organism-virmere^ 
(metallic, or in the form of tin-ai^algam), cinnabar, calomel, bthaige, phosphate^f 
le^, chromate of lead, mtrum avUmonn, and carbonate of barium-do Lt nterfere 
with the geraination of seeds. The experiments were made with cross-seed Tim 
statement that arsenic-compounds completely arrest germination is at variance with 
the well-Iwown practice of ^steeping wheat-grain in a solution of arsenious acid for the 
purpose of destroying fungi. 

The germination of seeds is accompanied by the following phenomena •— 

1. The seed absorbs water, swells up and softens. The harder the soed-coatinffs. 
the more slowly does the absorption of water, and consequently the germination take 
place. According to Stein (J. pr. Chem. Ixiii. 42), different seeds absorb in 24 to 
48 hours (by which time the maximum of water appears to bo taken up) from 22 to 
116 times their weight of water. 


2. The seed pushes forth ita germ to a slight extent, and gives off a little carbonic 
anhydride ; those changes taking place whether oxygen is present or not. 

3. It absorbs a certain quantity of oxygon. According to Saussiire, bean and 
lettuce seeds absorb 1 per cent., barley and purselain from OT to 0*2 per cent, of their 
weight of oxygen. 


4. It gives off carbonic anhydride, the volume of which, according to Scheelo and 
Suussure, is equal to that of the oxygen ab.sorbed. According to Boussingault, on the 
other hand, the volume of carbonic anhydride evolved is sometimes less than that of the 
oxygen absorbed, part of the carbon being oxidised, only to carbonic oxide. 

5. The oxidation-process ju.st mentioned gives rise to a development of heat, some- 
times, as in the malting of barley, sufficient to induce spontaneous combustion. 

6. The chemical changes which take place in the seed during germination are 
attended with lose of weight. 100 pts. by weight of barley, which had lost 12 pts, by 
drying, yielded 80 pte, of dry malt. Of the 8 pts. thus lost, four were removed in the 
softening of the seed by water, the remaining four in the actual germination. (Thom- 
son, Thoms. Ann. x. 388; Hermbstadt, Schw. J, 33, 249.) 

7. The insoluble non-azotised matters in the seed— viz. the starch and fat — are^ 


converted into soluble compounds, and are thereby enabled to pass from the parts of 
the seed in which they were developed into the various cells and organs of the growing 
plant. In this process, the azotised matters of the seed appear to play the same part 
that bodies of similar constitution discharge in alcoholic fermentation : that is to say, 
they absorb oxygen, and, being thus thrown into a disturbed state, they oommunicato 
the disturbance to the non-azotised bodies with which they arc in contact ; the result 
of which is that the starch of the seed is converted into sugar and gum, and the fata 
appear to bo resolved into fatty acids and glycerin. The heat evolved in germination 
is, perhaps, due in great part to the fixation of water by which these transformations 
are accompanied. (Kochleder, Gmdin'sHandbtichf\m. [1] 147 ; Pelouzo etFr4my, 
TraiU, vi. 313.) 

W. Knop (B4p. Chim. app. 1862, p. 249) has observed that the proaenco of free 
alkali is unfavourable to the germination and healthy development of plants. It is 
well kuowrn that when healthy seeds are sown in pure quartz-sand or pemnded glass, 
Jind watered with saline solutions, the plants,* though appearing green and vigorous at 
firsts often turn yellow after a while, and ultimately perish. This etiolation is some- 
times attributed to the absence of iron .salts, which are necessary to the development 
of chlorophyll ; it may, indeed, sometimes be remedied by watering the plants with 
weak iron solutions. But from Knop*s experiments it appeara that the chief cause of 
the etiolation is the development of alkali in the act of germination. Plants growing 
in solutions of nitre decompose the nitric acid, and set the alkali free. The juices 
expressed from the roots and green leaves of healthy plants are always slightly acid, 
^^op finds that plants growdng under the circumstances above-mentioned be 
rendered green and healthy by addition of a small quantity of free acid to the solu- 
tions writh which they are watered, and attributes the beneficial effect of iron-salts 
rather to the acid which they contain than to the iron. The well-known fact that seeds 
(germinate for the most part better in spring than in the middle of summer, is attri- 
buted by. Knop to the more rapid production of ammonia in summw, by the decom- 
l^ition of albuminous matters in the soil ; this ammonia being absorbed by the root^ 
the sap becomes alkaline, and the leaves turn yellow and fade. 
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tfnSBOmn'ZTa. with NiczaL-QiANCB. 

OSTBUOTB. Syn. with Opal. 

OISBBITB. (A1*)'^H*0* « A1*0*.3H*0.— Natire trihydrate of aluminium, called 
also WtUobanyite^ and in the orystailised form, Hydrargyllite, It is found at Ghimuch* 
dagh in Asia Minor, at Eichmond in Massachusetts, and other localities in the United 
States, usually in stalactitic masses, with smooth surface, and indistinctly fibrous 
structure, exhibiting a faint lustre on the surface. Specific gravity 2*3 to 2*4. Ilardnesa 
8 to 3*75. The crystallised variety (hydrar^Jlite), is ibund near Slatoust in the 
Ural, in small hexagonal prisms, with replaced latei^ edges, and very distinct basal 
cleavage ,* specific gravity 2*287 ; pearly lustre on the base. Both varieties are trans- 
lucent, tough, exhale a strong argillaceous odour when breathed upon, give off water 
when heated, and exhibit before the blowpipe the usual characters of aluminium- 
compounds, They yield by analysis 63*6 to 65*6 per cent, alumina, and 33*8 to 347 
water (calculation, 66*6 A1*0*, and 34*4 H'-'O). 

Hermann found in the gibbsite of Massachusetts a large but variable quantity of 
phosphoric acid, whereas other analysts have found little or none ; the discrepancy 
arises, most probably, from the occasional admixture of phosphate of aluminium with 
the hydrate. On this account^ Eammelsberg {Mineralchemie, p. 145) applies the 
liame hydrargyllite to the hydrate of aluminium, and gibbsite to the phosphate. 

OXBBBCBLITB. A pseudomoiph of Nephelinb {q. v.) 

OZOAWTOXiXTB. A hydrous dichroi'te (p. 320) found in a gneissoid granite at 
Tammela, in Finland. Crystalline form the same as that of dichroi'te, with basul 
cleavage usually perfect, and sometimes micaceous. Hardness = 3*5, but on the 
cleavage-surface, 2. Specific gravity 2*862 — 2*878. Colour greenish to dark stcel- 
grey. Lustre vitreous and waxy, approaching to submetallic. Melts before the blow- 
pipe, with intumescence, to a greenish slag. Contains, according to Wachtmeistor's 
analysis : 46*27 per cent. SiO*, 25*10 A1*0*, 14*04 Fe*0*, 2*70 K“0, 3*80 MgO, 6 00 
H*0, with 0*89 MnO, 1*20 Na*0, and a trace of fluorine. If the greater part of tbo 
iron be regarded as protoxide (Fe*0* 2*83, FoO 11*61), the composition of the mineral 
will be that of dichroite + 4 at. water. (Dana, ii. 216.) 

OlXBBBTXTfl* A variety of Biaxial Mica. 

OZZAZXro. See Gold. 

GZXiXdCBrOZTB. Syn, with Hisinobbitb, 

Onx* An ardent spirit prepared from com, hnd generally flavoured with juniper- 
berries. (See Urds Dictionary of Arta^ &c., ii. 337.) 

There are two varieties of this root, the black or grey, and the white. 
Both are prepared from the root-stocks of Zingiber off,^ about a year old; the former by 
scalding them, in hot water and drying in a stove, the latter by peeb'ng and drying them 
in sunshine without previous immersion in hot water. White ginger contains, according 
to Bucholz, volatile oil, 1*56 per cent. ; extract soluble in alcohol, 0*05 ; extract insolublein 
alcohol, 10*50 ; gum, 12*50 ; starch, 19*75; mucilage, 8*36 ; woody fibre, 8*00; matters 
insolublein potash, 26*00; water, 11*90; resin, 3*60. (Pelouze etFrimy, Traiti, 
Vi 370). 

^ CUWSBWGi. A root found in China, and said by the Chinese to possess extraor- 
dinary medicinal virtues. It appears, however, to be identical with tne Panax qmn- 
qwfolium^ a plant which is likewise found in North America, and does not possess any 
BU(^ qualities. From 'the root of the American g^inseng, Garrigues has obtained a neu* 
tral substance called Panaquilonb (q. v,) 

OZOBBBTZTB. Syn. with Maobbstb. 

OZBABOXta A variety of Opal. 

OZBBZOmZV. Syn. with Abbazttb. 

OZTBAOZB. See Saponik. 

O X iA ZADZB r or OZiZADZST. See Glutbx. 

aXAJBZV. See Babboin (i 500). 

CKLAlZCBc A name applied to minerals having a metallic or pseadometaUic 
lustre; e, ^., glance^coalf iron-glancet antimony^glano^^ &c. 

0&BBBBZTB« Native sulphate of potassium. (See Sulphatbs.) 

^* ^ ^BB< ^ (Gm. iii. 377.)^Gla8s is a mixture of silicate of potassium or imdiuro, 
or of both, with one or more silicates insoluble in water, as silicate of barium, strontium, 
calcium, magnesiip, aluminium, manganese, iron, or lead. Pure silicate of potassium 
or sodium, op a mixture of the two, even with a sufl^ent quantity of silica to form s 
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„ry infusible glas^ would stUl be attacked by water and acids. Silicate ,,f calcium ia 
likewise arted on by acids; but a mixti^ of it with silicate of potassium or 
resists their action. Such mixtures of silicate of sodium or potas^um with rili^^ 
calcium, &C.. are more fusible than the, simple salts, and require a smaller a^ of 
(ilica to render tliem capable of resisting the action of water and of acids Thev ran- 
tain between 2 and 3 atoms of sjbca to 1 atoin of base, and still less when alumina L 
also present. Tlio gkss is less fusible, and offers greater resistance to the action of 
water and of acids, the larger the proportion of silica and alumina it contains • and on 
the contra^, it is more easily fused, and attacked by water and acids, the more’tho 
potash, soda, baryta, bme, magnesia, or oxide of lead predominates ; an excess of tho 
last-mentioned oxid© renders it particularly fusible, of a high specific grant v soft 
easily scratched, and corroded by acids. Aceonling to Baudriniont and PcYouze 
(J. Ohim. m^d. ix. 277), tho lustre and refractive power of glass inereiise with tho 
atomic weight of the bases contained in it; thus these qualities are possessed in the 
highest degree by lead-glass, next by baryta, next by potash, and least of ail by soda- 
glass. 

Tho following substances yield the ingredients necessary for the formation of glass ; 

Silica : Ground quartz or flint, or quartz-sand, which is sometimes treated with 
liydrocliloric acid tx) free it from adhering sesqiiioxido of iron.— ; Pcarhish and 
wood-ashes (this likewise yields lime and sesquioxide of iYon).~Soda; Carbonate ^ 
sodium; sulpliate of sodium with charcoal (which decomposes the snlpliuric acid); 
native and artificially prepared soda (which at tho same time yields lime) ; common 
salt, by which the potnsh-glass— -produced by using carbonate of potassium— is deco in- 
po.sed into soda-glass and cliloride of potassium. — Baryta : Heavy spar mixed w'ith 
charcoal, or carbonate of barium ; rarely employed. According to Haudnmont and 
Pelouze, 1 at. of heavy spar with 3 at. of sulphate of sodium and 4 at. of charcoal yields a 
peculiarly brilliant, fusible, and easily worked glass, resembling flint-glass. — A mixtun? 
of 70 pts. (1 at.) of carbonate of potassium, o4 pts. (1 at.) of carbonate of sodium, 99 
pts. (1 at.) of carbonate of barium, and 224 pts. (7 at.) of silica yields a very 
transparent glass, which scratches window glass (Ddberoiner, Pogg. Ann. xv, 243). 
^Strontia: Sulphate of strontium with cliarcoal, or carbonate of strontinm. 70 pts. 
(1 at.) of carbonate of potassium, 54 pts. (1 at.) of carbonate of sodium, 47 pis. (I at.) 
of carbonate of strontium, and 224 pts. (7 at.) of silica yield a remarkably beautiful 
glass, specifically heavier, more refrac^tive, and much more fusible than crown glass 
(Ddbereiner). — Li^m: Lime after being burned and slaked, in powder; chalk marf. 
(which also yields alumina), wood-ashes; the same exhausted with water; ball-soda.— 
Oxide of lead: Litharge, minium, white lead, or 1 at. of galena with 3 at. of sulphate 
of sodium, whereby 4 at. of sulphurous anhydride are evoIv(3d. — Alumina : Quartz-saud 
containing clay, marl, felspar, basalt, pumice-stone, and other minerals containing 
silicate of aluminium and an alkali -metal: they must not however be added in too large 
quantity, because the presence of too much alumina produces in the glass a tendency 
to crystallise. The mass of fused glass dissolves alumina from the pots. 

Oxidising agents^ as nitre, arsenious acid, and peroxide of mangane.se, are added in 
the preparation of white glass, partly to oxidise the carbon contained in the wood-ashes 
or ball-soda, — which would render the glass brown, — partly to convert the protoxide^ of 
iron into sesquioxide, inasmuch as a quantity of iron which in tlie state of protoxide 
would give the glass a dark bottle-green colour, will, if converted into sesquioxide, 
impart to it a light yellow tint of much less intensity. If too much sesquioxide of 
manganese is added, so that the carbon and the protoxide of iron cannot reduce it all 
to the state of protoxide, which dissolves in the glass without producing any colour, 
a portion is taken up in the state of sesquioxide, wliich stains tho glass rod; an excess 
of arsenious acid imparts to the glass a white turbidity. i r • 

Substances causing turbidity. — ^Bone-ash produces a milkiness in tho glass, forming 
what is called Bone-glass; stannic oxide renders lead-glass opaque, and converts it 
into Enamel. r n • 

Colouring agents. — ^Blood-red : cuprous oxide. Carmine-red : purple of ^ssius. 
Violet-red : peroxide of manganese. Blue : oxide of cobalt, oxide of copper. Green . 
the same substances, together "with sesquioxide of iron sesquioxide of chromium. 
Yellow : oxide of antimony, sesquioxide of iron. Yellow with a greenish cast : sesqui- 
oxide of uraniuiri.— Aventurin glass cont-ains, according to Wohlor(rogg. Ann. vui. 
286), fine octohedral segments of metallic copper. (See Aventuiiin Glass, i. * 

The above ingredients, powdered and mixed in the proper proportions, o 
the Glngg.fj,j[|; Tfiig jg m most cases first exposed in Xhei fnUovm . 

which, expels water and part of the carbonic iftss- 

«weUing of frothing up of the mass. It is then put into large 
I»t8, made of veiyr remictoiy clay, six of which are ^ . for^^e oi 

circular or oblong furnace, and exposed to a continually increasing h 
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more houif, tiil the mass becomee firee from bubbles, grains of ouarts, and streaks 
Chloride of potassiu^ chloride of sodium, sulphate of potassium, and sulphate of sodiom 
float on the surface in the form of a thin fluid stratum, which is skimmed off; the scum 
is called Class -gall, or Sandivir. The glass is then formed into the required 
shapes, and afterwards cooled from a red heat, as slowly as possible, in the annealing 
furnace. ^ 

Bottle-gla9 $. — Specific grarity about 2*732 ; very infusible on account of the small 
proportion of ^tash and soda, and the large quantity of alumina which it contains.^, 
a. From Souvigny. Prepared from quartz-sand, marl, elutriated wood-ashes, and a 
portion of common salt The phosphoric acid present in the glass arises from the 
phosphate of calcium in the wood-ashes (Berthier). Its composition is nearly 
3(Ca0.8Si0*) -h Al*0*SiO*. — b. From St. Etienne. In the preparation of this glass 
heavy spar is employed (Berthier). — c. From Epinac. i^epared by simply fusing 
together two different kinds of sand, one of which contains 61*7 per cent, of carbonate 
of calcium, 36*6 of carbonate of barium, and 1*2 of clay, the other (a mixture of quartz- 
sand and felspar), 6 per cent, of potash, 2 of sesquioxide of iron, 0*7 of sesquioxide of 
manganese, 11 of alumina, and 80 of silica (Berthier). — d. From Sevres. This glass 
is with difliculty reduced to a white mass, which is neither crystalline nor fibrous in 
its texture (Dumas). — e. Of unknown origin ; easily converted into flbro-crystalline 
l^rt of Reaumur’s porcelain. (Dumas.) 

Pale green Glass used for Medical Bottles and ChemUal Apparatus. — ^Hard ; bears j 
changes of temperature better than white glass, a, b, o, d, are four French varieties 
analysed by Berthier. 

Bottle glass. Glass for medical bottles. 
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Window-glass . — ^Approximately =■ Na*0.2Si0* + Ca0.2Si0*. fl to /, French, 
English, f and g the hardest and most infusible ; b the next ; d the softest and most 
easily fused of the whole. In France a mixture is used of 100 pts. of quartz-sand with 
between 30 and 40 pts. of dry carbonate of sodium (or as much sulphate with char- 
coal) and 30 to 40 parts of carbonate of calcium. (Dumas.) 
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^ German Window-glass generally consists of a double silicate of calcium and potas- 
sium, e.g. 100 pts. of quartz-sand, 60 pts. of pearlash, from 25 to 30 pts. of chalk, and 
2 pts. of nitre. In many mixtures, however, common salt is an ingredient ; or it is 
really a Glauber's salt ^ass, which, according to Qchlen, is prepared with 100 pts. of 
quartz-sand, 50 pts. of ^ Glauber’s salt, 17*5 to 20 pts. of lime, and 4 pts. of charcoal 
French Mirror-glass . — Specific gravity, 2*488 — 2*606. About « 2(Na*O.3Si0*) + 
Ca0.3Si0*. The variety a examined by Berthier, b by Tassaert, o aind d by Dumas. 
All the varieties have a bluish tinge arising from the soda {d tho l^ t), from which 
the glass containing potash is free. 

Venetian Mirror-glass.-^Ahout ■■ K?0.3SiO* + 2(Na*0.3Sib^) + 8(0a0.2Si0*); 
e obtained from an old mirror of a somewhat yellow colour. (Berthier.) 

Bohemian Glass . — Specific gravity, 2*396 ; containing about 2(K*0.3Si0*) + 3(Ca0 
8SiO*) ; ./obtained from a goblet from Neufeld in Bohemia, transparent and colourless 
(Berthier) ; g from Neufeld (Gros) ; h from an old cup of Bohemian glass, poffretly 
transparent (Dumas); t, ordinary Bohemian glass. (Peligot) 
k English Orown-glasst of specific gravity 2*487i has a composition to thst 

of Bohemian glass. 
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Crystal Specific gravity, 2*9 to 3*255, from trisilicate to tetrasilicate of lead 

and potassium. silicate of lead is yellow ; but when it is combined with a sulfi- 

cient quantity of silicate of potassium, the mixture is colourless. This glass is obtained 
from 100 pts. of pure quartz-sand, 60 to 70 pts. of minium or litharge, and 30 to 40 
pts. of purified pearlash ; sometimes an addition is made of 4 pts. of borax, 3 pts. of 
nitre, 0-16 pts. of arsenious acid, and 0*2 pts. of peroxide of manganese. 

a, London Crystal glass, — Transparent and colourless ; used in the construction of 
philosophical instruments ; containing about 2(K:*0.4Si0*) + 3(Pb0.4Si0*) ; examined 
by Bcrthier. 

5. From Vonftche in Belgium ; K*0.4Si0* + 2(Pb0.4Si0*), nearly. (Bert hi or.) 

(?. From Newcastle ; 2(K*^0.3SiO'^) -h 3(Pb0.3Si0‘^), nearly. (Berthier.) 

d. Origin unknown; 2(K*0.3Si0*) + CaO.SSiO* -f- 3(Pb*6.3SiO*), nearly; analysed 

by Dumas. 

e. English ; K*0.3SiO* + PbO.SSiO*, nearly ; analysed by Faraday. 

Flint-glass. — Acid silicate of lead and potassium, preparea from the purest materials 

possible: for example, 100 pts. of quartz, 50 pts. of pearlash, 100 pts, of minium, 
3 pts. of borax, 0T5 pt of arsenious acid, and 0*2 pt. of peroxide of manganese. 
Ouinand’s flint gloss has a specific gravity of 3*3 to 3-6; Franenhofer’s, a specific 
gravity of 3*77. a. Flint glass examined bv Faraday, b. Guinand’s flint glass, 
analysed by Dumas, «=2(K*0.2Si0*) + 3(Pb0.2Si0’‘'). Dobereiner (Schw. J. liv. 
424) recommends the proportions of 1 at. of potash to 2 at. of oxide of lead and 
7 at of silica. Faraday’s flint glass (Pogg. Ann. xviii. 515), specific ^vity = 
5*44, has a very different composition, being a compound of oxide of lead with silicic 
and boracic acids. 
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The Mente FliiXf or Pierre de Strass, used in the formation of artificial gems consists 
of flint glass with a smaller proportion of silicate of potassium, prepared likewise with 
tho purest ingredients: €.g. 100 parts of quartz or rock-crystal, 32 to 52 parts of 
hydrate of potassium purified by alcohol, 154 to 157 parts of minium, or 171 pa^ 
pure white i^d, 6 to 0 parts of wrax, J to ^ part of arsenious acid. Dumas analysed 
tile Strass manufactured by Donault-Weiland, the composition of which is nearly » 
K’0.2SiO*+. 3(Pb0.2Si0’). . ^ 

The flint glass b contains also a trace of arsenious acid, and the otrass a trace oi 
horax in addition. , , 

Aventurin glass, — A bsownish-coloured glass, interspersed with small spangles, 
which give it a peculiar shining appearance, (See vol. i p* 476.) ^ .. i* i 

Huhy glass, cofOaining ffoW.-Splittgerber (Pogg. 
lowing proportions, as affording an excellent glass of this kind. 3 lbs. 4J m. of 
line white sand, 1 lb. 14 op. of nitre, 1 lb. 13 os. of pare ^ 

rarhonate of eakinm, o*. of atsonioas wnd, 4i ox of minium, * 

antimony-glass (i. 322), and tho solution of a l)nteh_ ducat, weighing 
m aqua regia. Tho gold-solution is first poured into the 
yigredients are then ^ded, and tho whole is put Wn 

for more than three houM to a white heat, fens method drfors 
ones, -in not baring any purple of Cassius or oxide of tin added. The glass 
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thus obtained Is perfo<St1y colonrless, but on being heated to . a temperature of 
600® C. (932® F.), assumes an intense ruby colour. The colour, when once pro, 
duced, cannot be again destroyed by exposure to heat, even in an atmosphere of 
oxygen or hydrogen, or in a close crucible surrounded with sand, powdered Chur- 
coal, or oxide of zinc, or by throwing the glass into a flux of nitre or chlorate 
of potassium ; before the oxy hydrogen blow-pipe, however, it loses its colour, hut re- 
gains its original tint on cooling and subsequent exposure to heat. Splittgcri)or 
accounts for the peculiarities of this glaBa,,by assuming that the gold in the colourleas 
variety is in the form of trioxido ; and when heated a second time, it is converted 
into the ruby-red oxide described by Berzelius, in consequence of a portion of its oxy- 
gen combining with one or more of the other substances present — ^probably with the 
antimonious oxide. The slight increase in bulk consequent on the second heating ^ 
appears to be in favour of this view. Splittgerber likewise succeeded in obtaining a 
coloured glasa with purple of Cassius, but of a violet rather than a ruby tint. Hose 
(Pogg. Ann. Ixxii. 656) gives the following proportions for ruby-coloured glass : 461bs. 
of’ fine quartz, 12 lbs. of borax, 12 lbs. of nitre, 1 lb. of minium, 1 lb. of white arse- 
nious acid, and a solution of 8 ducats in aqua regia. The whole is then mixed and 
fused as before. The resulting glass is colourless, but when again heated to rediiess 
acquires a ruby colour ; Rose has likewise observed that the red colour is produced, 
whether the glass is heated in atmospheric air, oiygcn, or carbonic acid gas. If ex* 
posed to a,heat at which it softens, it becomes Opaque and liver-coloured. When it is 
fused before the oxyhydrogon blowpipe, colourless drops are obtained, which Hose 
could not again obtain of a red colour by heating. Rose is of opinion that the colour- 
less glass contains silicate of gold, and that this compound, when heated, is decom- 
posed, with geparation of oxide of gold, which imparts the red colour to the glass ; 
moreover, that the liver-coloured glass probably contains metallic gold. 

a. Aventurin from -Venice, analysed by Gahn. h. Analysed by Peligot. c, Hy 
Kersten. d. Ruby-glass, analysed by Splittgerber, the gold found by experiment 
amounting to less than one-half the quantity^ per cent, added. . e. Venetian ruby- 
glass, in the form of flattened round masses, distinguished from the ordinary varieties 
by being very fusible, and not losing its red colour when melted ; analysed by Bohmo. 
(J. pr. Chem. xxxviii. 336.) 
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Enamel is, for the most part, a double silicate of lead and potassium, rendered opaque 
by stannic oxide. In one specimen of enamel, Dumas found 8*3 per cent of potash, 
60*3 of oxide of lead, 9*8 of stannic oxide, and 31*6 of silica. Antimonious or arso- 
nious acid produces a similar eflTect to the stannic oxide. By adding colouring agents, 
princip^y metallic oxides, to white enamel, the coloured varieties are obtained 
(p. 487). 

For farther details on the composition and manufacture of glass, see lire's Viettonarp 
of ArtSy Manufactures and Mines, ii. 339 ; Payen, Precis de Chimie Industrielley 
Edition, i. 489; Rognanlt Coursde Chimie, ii. 382; Pelouze et Fr^my, TraitSde 
Chimie QMrale, 3mo Edition, ii. On porcelain colours for enamel, Wfichter (Ann. 
Ch. Phar^ Ixix. 99). 

Peeomp^tion of Glass. — 1. Water extracts potash or soda from glass, together 
with a portion of silica, the decomposition taking place with greater ease in proportion 
as the glass is richer in these alkalis, and more minutely divided, and the temperati^ 
of the water higher. The powder filed oflP from a tube of white glass reddens^ mois- 
tened turmeric-paper (Bis eh of, Kastn. Arch, i 443). Finely powdered plate-glass 
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gctg in a similar manner (Faraday, Pogg. Ann. rviii. £69). Water triturated with 
powdered glass in an agate mortar bocotnes alkaline, and on the addition of sab 
Jnunoniac deposits flakes of silica (Fuchs, Kastn. Arch, v, 306). Water becomes 
alkaline after long digestion with glass at the boiling heat, and likewise turbid, from 
gepm’ation of an insoluble silicate of calcium (Dumas). An alkaline reaction is 
eAihited by the powder of bottle-glass, and of Reaumur’s porcelain, formed from it ; 
also of plate-glass, crown-glass, flint-glass, and white enamel. AAct sufficient washing 
it no longer reddens turmeric-paper, unless it be recruslied in a mortar. One hundred 
parts of flnely divided flint-glass boiled for a week with water, lose 7 pts. of potash, 
which may be obtained in the solid stite by evaporation (Griffiths, Quart. J. of Sc. 
XI. 268). The moisture in the atmosphere produces a similar alteration, separating 
the potash and soda, and leaving the greater part of the silica with the lime on the 
tiurface of the glass ; glass thus decomposed often exhibits prismatic colours on its 
surface. Sometimes this superficial decomposition is scarcely visible ; but, on warming 
the glass, numerous fine scales peel off, and leave the surface dull, opaque, and wrinkled. 
Tliis fault shows itself in glass, to which, for tho sake of economising fuel, too small 
a quantity of silica has been added. The pearly stratum with which specimens of 
antique glass found buried in the earth are covered consists almost wholly of 
silica (Griffiths). Glass which has lain in pits at least ten feet deep in the ground, 
is soft when dug up, and may be bent and indented, and even cut-in two with a knife ; 
but after exposure to the air for a few hours, it again hardens, and if it has been 
previously bent or twisted, it becomes extremely brittle, like uuannoalod glass. (Col- 
lado n, J. Chim. m6d. xvi. 679.) 

2. All kinds of glass are corroded by hydrofluoric acid^ with formation, partly of 

fluoride of silieium, and partly of the double fluorides of silicium and potassium, 
sodium, calcium, &c. A hot concentrated solution of phosphoric acid also decomposes 
every variety. Glass which is poor in silica is attacked by boiling oil of vitriol ; and 
glass of yet inferior quality — ^that, namedy, which becomes dull on exposure to heat 
(Dumas) — is acted on by boiling hydrochloric nitric acids^ and aqua-repia, a dull 
spot remaining after evaporation of the acid (Berzelius). The acids dissolve out 
potash, soda, lime, and other bases, and separate the silica. On powdered glass they 
act with far greater energy. From pulverised flint-glass boiling hydrocliJoric acid 
extracts potash only, not tho oxide of lead (G riffi ths). Many kinds of bottle-glass 
which resist the action of acetic acid are decomposed by the stronger mirionil acids ; 
thus a bottle filled with sulphuric acid will sometimes, at ordinary temperatures, gradu- 
ally become covered with warty depressions, which at last penetrate through tho 
substance of the glass (Dumas). In distilHng hydrochloric acid from a green gl^s 
retort, Hess (Pogg. Ann.xx. 640) obtained a c^stalline sublimate [?J of silica, while 
chloride of potassium, sesquioxide of iron, and silica were dissolved. Many anhydrous 
salts of ammonia containing the stronger acids, also attack glass— espemally lead- 
glass — when heated in contact with it ; such is the case with a mixture of hydrochlorate 
and nitrate of ammonium (Silliman), or the neutral or acid sulphate of ammonium. 
(M arch and, Pogg. Ann. xlii. 666.) . 

3. Solutions of potash and soda dissolve out tho silica of glass with greater ease m 
proportion to their temperature and degree of concentration. Even at ordinary tempe- 
ratures, tho alkaline liquid partially dissolves the glass bottle in which it is preserve^ 
frequently causing it to crack. Even ammonia attacks many kinds of glass , a o e 
made of flint-glass, and containing a solution of carbonate of ammonia, became so 
fragile that, on shaking it, pieces of glass were detached. (Griffiths.) 

4. Glass containing lead blackens when heated in the flame of a lamp or y g 
gas, from reduction of the lead-and when heated in sulphuretted 

formation of sulphide of lead. On this account Guinand s 

tarnished in dwelling-houses (Faraday). A bottle made of Iren g tion of 
Bulphydratft of ammonium had been kept, acquired a metallic lustre, 
sulphide of lead. (Bischot Br. Arch. xvii. 242.) 

Crystallised or Demtrified Glass. — a. 

the pots, separate into two portions, the one th^ following analysis by 

thoUer staining its vitJeous character Ac^^ing f X^whicL 

Pumas, it appears that the portion which crystallises gives p 
remains in vitreous state. 
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h, Heaumuf^s Many kinds of glass, after exposure for seTeral hours to i 

heat at which they become soft— for example, in a potter’s furnace — pass into a condi. 
tion resembling porcelain. Bottle glass is the most disposed to undergo this chanire 
doubtless from the greater quantity of alumina which it contains ; next in order is the 
more common sort of green winaow glass ; white glass rich in lime is aim liable to 
this change, but not pure silicate of potassium or sodium, or lead-glass. (Lewif 
Dartigues.) ^ 

The devitrification takes place just as well if the glass vessels are surrounded within 
and without with an infusible powder or cements to prevent them from losing their 
shape^c. g. sand, a mixture of sand and gy^isum, bone-ash, clay, powdered bricks, lime, 
sesquioxide of iron, charcoal, or soot, — as when they are heated by themselves*; but 
in tno former case, a longer time is required (Lewis, Dartigues, Morveauj. It 
occurs also in a similar manner with glass enveloped in a lava-stream (Mopveau). 
This change may either be regarded, according to Dartigues’ supposition, as arisinj/ 
limply from the amorphous glass passing without change of composition into the 
ciystalline state— the long continued state of softness affording the atoms an opportu- 
nity of uniting together in crystalline molecules; or we may suppose with Lewis, Mo^ 
veau, and Dumas, that the glass, in undergoing this change, loses a portion of its 
alkali, which, when the glass is ignited by itself, passes off in vapour, and when it is 
surrounded by a powder during ignition, is absorbed by the powder. Dumas is like- 
wise of opinion that the protoxides of manganese and iron present in the glass are 
peroxidised at the same time. According to Lewis, the sand surrounding the ghiss as 
cement becomes caked together by absorbing alkali. Dumas found in a devitrified 
specimen of bottle glass only 2 per cent, of potash, together with 27*4 per cent, 
of lime, 6*6 of the peroxides of manganese and iron, 12*0 of alumina, and 62 0 of 
silica. [The behaviour of Reaumur’s porcelain in fusing is also in favour of this 
theory ; md, aeq^ 

In this change, the following facts are to bo distinguished : — 1. Tlie glass first be- 
comes cloudy, and appears blue by reflected Und yellow by tmnsmitted light (Lewis, 
Fournet), still, however, exhibiting a vitreous fracture. The blue colour is also seen 
at the fractured edges, and consequently cannot proceed from oxidation (Fournet), 
The opacity doubtless arises from the separation of fine particles, whose composition 
differs from that of the rest of the mass. Many iron slags behave in a similar manner 
(especially the double silicate of aluminium and calcium). Many slags wliich appj.'ar 
green when cooled rapidly, become blue within and yellow by transmitted light when 
slowly cooled, even if they are green on the outside, hut the powder again assumes a 
green colour. This fcuit would appear to explain the action of the test wliich is em- 
ployed to distinguish a great many earths and heavy metallic oxides by the blowpipe ; 
viz. that the bead obtained by fusing them with borax or microcosmic salt, remains 
clear when rapidly cooled, but becomes turbid and opaque by ox})osure to interrupt d 
blasts, or flaming, whereby it is kept for a long time in a soft state, and crystallinf! 
•compounds are produced and separated. (Fournot, Ann. Ch. Phys. Ixxix. 370; also 
J. pr. Chim. xxvi. 331.) 

2. After this stage, white, opaque needles are formed, proceeding from the inner and 
outer surfaces of the glass, and finally meeting in the centre. The place of contact is 
often marked by a brown line. The mass thus far changed is Iteaumur's poredain. 
When burnt between pipe-clay, it has a smooth surface, hut if burnt between lime or 
bone-ash, it acquires a rough, wrinkled, or blistered surface. When burnt between 
powdered charcoal, its surface becomes black or grey (Lewis). It is white and nearly 
opaque, appearing at the fractured surface to possess a straight fibrous texture ; it is 
specifically heavier than glass, and so hard that it scratches glass and sometimes even 
rock-crystal, and emits sparks with steel; it does not crtick so readily with changes of 
temperature as glass, or even as porcelain, and conducts heat and electricity better 
than the former, so that, unless insulated, it does not become electrical by friction. 
Reaumur’s porcelain may be used instead of ordinary porcelain in the fabrication of 
vessels. It fuses with much greater difilculty than glass, and is thereby converted into 
a white or grey enamel, transparent only at the edges — having a conchoidal fracture, 
harder than glass, but softer than Reaumur’s porcelain. Tlie specific gravity of this 
enamel ip to that of the substance before fusion as 2 625 : 2*801 ; it does not become 
electrical by friction. (Morveau.) 

3. If the baking be too long continued, the threads of the fasciculated or fioi^uB 
structure b^me separated by fissures, and the whole is converted into a fine-graine« 
and subsequently a coarse-grained mass, loose, greyish, and still more difficult of 
fusion. "V^en toe porcelain has begun to effiange mm the fibrous to the granalaf 
condition, it may still be fused by the heat of a forge to a pearly, porous mass, 
which contains green glass enclosed within. If the change to the fine-grained coa* 



GLAUBAPATITE — GLAUCODOTE. 


845 


dition i* eompU^ it fasea to a spongy mass; but when the coarae-grained state is 
arrived at, it no longer fhses, but cakes together to an exceedingly ha^ n,^ Uri„ * 
g dess® fpactupo. * » 

,hw1t occuw in gnwiM of BmaU yellowish-^^or 


OliAlTBllS SAXiTa Sulphate of fiodium. (See Sulphates.) 

OXhAiirSB&ZTB. Native sulphate of sodium and calcium, Na*Ca7S0«^* It is 
found crystallised in four-sided prisms, belonging to the monoclinic system Colour 
greyish-white and wine-yellow. Lateral planes transversely striated ; terminal pianos 
smooth. Fracture foliated or conchoidal. Hardness == 2*5 to 3. Specific gravity 
:= 2'64 to 2*86. Lustre vitreous. Streak white. Taste sliglitly skliuo. Before the 
blowpipe it decrepitates, and melts to a white enamel. Becomes opaque when im- 
mersed in water, It is found in crystals in rock-salt at Villa Rubia, near Ocaiia, in 
New Castile ; also at Aussco, in Upper Austria, in Bavaria, at the salt mines of Vic in 
France, and in the province of Tavapaca, Peru. (Dana^ ii. 374.) 

OXiAirCXmB. C*HN* (?). According to Volckel, sulphocyanate of ammonium 
heated to 300® C. yields, among other products, a compound called pnliene, C^IPN^; 
and this, when heated, gives off 1 at. ammonia, NH*, and is converted into glaucene! 
(See SULPHOOYAHATES.) 

OXiAVCXC ACZS. The name originally given to the acid of Glauchim fiavum, 
now known to be fumaric acid. * 


GKAVezarB. An alkaloid obtained by Probst from the leaves of the yellow 
horned poppy {Glaiiciuyn flavum\ a plant growing on sandy sea-shores. It is not 
contained lu the flowers or the root of tho plant. It may be extrjicted by macerating 
the leaves with acetic acid ; boiling tho acid juice to coagulate tho chloroj)!!} !! ; treating 
the clarified liquid with nitrate of lead; decomposing tho precipitate with sulphuretted 
hydrogen ; precipitating the filtered liquid with decoction of oak-bark ; mixing this 
precipitate with lime while still moist, after wasliing and pressing; treating the mix- 
ture at a gentle heat with alcohol ; passing carbonic acid gas through the alcoholic 
filtrate, to precipitate the lime ; driving ofif the alcohol by evaporation ; and treating 
the residue with water. Ulaucine then remains undissolved, and may bo purified by 
solution ill boiling water. 

From ita aqueous solution it separates by spontaneous evaporation in colourless 
crusts, composed of nacreous sciiles ; the ethereal solution deposits it in a pitchy mass. 
From the solutions of its salts it is precipitated by ammonia, as a curdy mass, whicli 
after some time becomes pitchy, and melts to an oil at the temperature of boiling water. 
Ita taste is harsh and bitter. It is moderately soluble iu hot water, freely in alcohol 
and ether ; the solution blues reddened litmus. 

Glaucine decomposes at high temperatures; heated with sulphuric acid, it assumes 
a fine violet colour ; the product forms with water a deep rod solution, from which 
ammonia throws down a deep indigo-blue precipitate. Glaucine is quickly decomposed 
by nitric acid. 

Glaucine forms neutral salts, which have an acrid burning taste, and are precipitated 
by tincture of galls. The hydrochlorate and the aiUphate ai*e crystalline, very soluble 
in water and alcohol, insoluble in ether. The phosphate cxystalliscs readily (Probst, 
Ann. Ch. Pharm. xxxi. 241.) 


GAAVCZVIHC VBAWM. The yellow homed poppy. The seeds of this plant, 
after drying in tho air, give off 8 per cent, water at 110®^ C. The seed dried at this 
temperature contains 42*6 percent, oil. The stems (air-dried?) yielded 4’6 per cent., 

the seeds, 9*32 per cent, ash, containing in 100 parts: 

^ Sand k 


CO* SO* P20* SiO* NaCl K*0 Na*0 CaO 
Stem . 6 39 6-89 2*40 4*16 2914 13*82 . - 29 00 
Seed . 22*39 0*76 11*29 2*76 1*07 6*86 1*69 38*22 


MgO Mn»0* ln<«. 

3-35 082 0-02 602 
6M 6-22 0 70 4 19 


(Cloe*, 1860, p. 124; Ann. Ch. Phys. [3] lii. 129.) 

fumaric acid and two rikaloid»— viz. glaucine in the leaves, glaucopicrine m the 

loot 

aiiAVCOBOTB. (Co: Fe)S*. (Co ; Fe)A8*.-A mineral resembli^ u 

^stalline form and in composition, excepting “ Pp^eL^e'verv ^Sinct 

It oystallises in prisms bekTnging to the rhombic system. Cleavage ^>7 
P"5w to toe sTpaiiM to the prismatic faces ; also massivs. Hardness 
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m 6, Stifle mvity 6'975 to 6*003. Lnstre metallic. Colour greyish tin-white 
Streak black. It occurs in chlorite slate with cobaltine in the province of Huasca 
Chile, and with a pale yellow calcite at Orowitza, in the Bannat. It contains : 

S Ai Co Fe Nl 

From Chile . . 20*21 43*20 24*77 11*90 trace « 100*08 Plattner 

„ Orowitza. . 19*78 43*63 32*02 4*66 . . - 99*99 (Patera)’. 

Before the blowpipe it gives the reactions of sulphur, arsenic, cobalt^ and iron, 
(Dana, ii. 63.) 

a&AVCOUTS. Syn. with Scapolitb. 

OXiAUCOIItB&Airzo ACXB. A product of the decomposition of ellagic acid 
(p. 484). . 

OBAircOXtrZTB. A silicate of iron, occurring in green, translucent, opalescent 
rounded grains in the greensand of various localities. According to Ehrenberc 
(BerL Akad. Ber. 1864, pp. 374-384; 1855, pp. 86-172; Jahresb. f. Chem. 1864, 
p. 886), these grains consist of the stony nuclei and silieified shells of polythalamia?! 
Their composition is somewhat variable, as the following analyses will show : — a. From 
Gay Head, Massachusetts, by S. L. Dana {Dana's Mineralogy, ii. 288); h. Prom 
Caule/s Pits, Woodtown, New, Jersey, H. B. Rogers (ibid.)\ c. From the green sand- 
stone between Dortmund and Witten, Westphalia. (Von der March, Jahresb. f. 
Chem. 1866, p. 1007.) 


Si 02 

A1202 

FeO 

MgO 

CaO 

K20 

11*0 


a, 66*70 

13*32 

20*10 

1*18 

1*62 

, . 

. . 

« 92*02 

b. 48*45 

6*30 

24*31 

. , 

trace 

1201 

8*40 

« 99*47 

c. 63*46 

6*00 

21*78 

6*21 

. . 

8*79 

4*76 

= 100-00 


A green ferrous silicate imbedded in the calcspar of Takli, near Nagpur, in Central 
India, appears to have the composition of glauconite. (T. L. Haughton, Phil. Mag. 
[4] xvii. 16.) 

OBAUCOPBAWS. SeeWiCHTTN. 

OXiAVCOPZOllZBBt An alkaloid contained in the root of Glaucium flavum. It 
is extracted by exhausting the*root with acetic acid; precipitating by ammonia; redis- 
solving the precipitate in acetic acid; precipitating the solution with decoction of oak- 
bark ; treating this precipitate with lime and alcohol, as described in the preparation 
of glaucine; exhausting the alcoholic residue with other; evaporating the ethereal 
solution ; treating the residue with a very small quantity of ether, which leaves pure 
glaucopicrine undissolved ; and ciystallising from boiling water. 

Glaucopicrine forms granular crystals soluble in water and alcohol, especially when 
hot ; less soluble in ether. Its salts have an extremely bitter and nauseous taste.' 
Animal charcoal removes the glaucopicrine from their solutions. Glaucopicrine, or any 
of its salts, heated with strong sulphuric acid, yields a dark green pitchy product, 
insoluble in water, acids, and ammonia. 

HydrocMorate of glaucopicrine ciystallises in rhomboid al plates or in bundles of 
prisms, soluble in water, insoluble in ether. The sulphate and phosphate are likewise 
ctystallisable. (Prohst, Ann. Ch. Fharm. xxxi. 264.) 

OZiAUCOSZDmTB. Syn. with Vivianitb. 

GZiSCBOMA* Tbe herb of ground i-vy {Glechoma hederacea) at the flowering 
time contains a tannic acid which turns iron-salts green, also acetic acid, tartaric acid, 
sugar, gum, volatile oil, waxy and oily substances, an acrid and a slightly bitter 
substance, &c. 1000 pts. of the flowering herb lost by drying, 824 pts. water ; 'the 

residue yielded to ether 24 pts., then to alcohol 8 pts , then to water 66 pts., to 
hydrochloric acid 16 pts., and there remained 72 pts. of insoluble vegetable fibre (J. B. 
Enz, Vierteljahrsschr. pr. Pharm. x. 11;) 

GXiXABZir. See GLtTTEN. 

GBZXrxZTB. A greenish variety of olivine from a talcose slate in Perm, Russia; 
also occurring in gneiss at Tunaberg in Sweden, with augite and garnet, and in veins 
3 inches thick in the mica slate of Kytschimsk, north of Miau in the Ural (See 
Olivinb.) 

GXiOBtnbAXlIA. According to G. F. Walz (N. Jahrb. Fharm. xiil 281)i the . 
leaves of Qlobtdaria Alypum contain a yellow colouring matter, a peculiar tannic acidf 
globularitannic acid, whoso lead-salt dried at 100° 0. contains ; a resin, 

gl 0 b u 1 a r e si n, C**H**0®, havi^ a very strongand fragrant odour, and a bitter principl«» 
globularin, which is resolved by dilute smphurio acid into globularetin, 

(a white pulverulent substance which melts to a resin when neated), para* 
globnlaretin, (a slightly coloured pulverulent substance insoluble in ether 
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precipitated by water from its alcoholic solution), and glucose, with elimination ot 
1 at. water i 

C**H**0>* cm + C*H'*0* + HK). 

For details respecting these compounds, see Gnielin's Handbook, xv. 38 ; xvi. 82. 

KXiOSUXIlVy or C&TSTikZiXiZir. (Lehmann, Physiol. Chem. i . 366* H'lndw 
2 fAufl. il. 134.— Gerh. iv. 450.>-An albuminous substance existing in the clystallino 
l,ns of the eye, and, according to Berzelius and others, in the corpuscles of the blood 
As however it has never been obtained from the latter source free from colourinc 
matter, the identity of the two substances cannot be considered as quite established 
more especially as the albuminous substance obtained from the blood-corpuscles bv 
Lehmann’s latest process differs essentially from that in the crystalline lens (See 
H;emato-Ckystat.ltn.) * 

From the crystalline lens, globulin is obtained bv triturating this body with water 
evaporating the filtered liquid at a temperature below 50*=* C. and purifying the dry 
residue by digestion, first with other, then with dilute alcohol. In the lens of the 
human eye, Berzelius found 36*9 per cent, of dry globulin. 

Globulin thus prepared is a yellowi.sh tran6f)arent mass wliich swells up in water 
and dis.solves, for the most part, forming a gummy liquid. The solution becomes 
opaline at 73^^ C., and deposits a coagnlum at 93®. tlierc^fore at a temperature con- 
tsidt'rably above that at which albumin coagulates (i. 6o). "Mixed with a small 
(piautity of acetic acid, it becomes opaline, and deposits a coagiilum at 50®; but a 
larger quantity of acetic acid either prevents the coagulation altogether, or renders a 
tt'inperature of 100® necessary to produce it. Tho aqueous solution’ has a slight 
alkaline reaction and behaves witli mineral acids and met allic salts, in most respects, 
like a solution of albumin. According to Lehmann, the solution acidulated with acetic 
acid is precipitated by ammonia, and a solution mixed wntli ammonia gives a precipi- 
tate when cautiously neutralised with acetic acid. Moreover, on 2 '>assing carbonic acid gas 
tlirongh tho ^ueous solution, a precipitate is obtained which is soJublo in pure water. 

The chemical composition of globulin is sensibly the same as that of albumin. 
Mulder found it to contain on the average, 54*35 per cent. C, 7*0 11, 16*5 N, and 0 3 
to 1*2 S. Lehmann found 1*1 per cent, sulphur. 

According to Lehmann, globulin from the cryfitalline lens yields by incineration 
0‘2‘t per cent, phosjdiatcs, and 1*55 per cent, soluble salts, consisting of alkaline 
chlorides, sulphates, and phosphates, but no alkaline carbonate (whereas tho albumin 
of siTum or white of egg always yields alkaline ash). But the liquid separated by 
filtration from coagulated globulin yields an ash containing alkaline carbonate. 
According to the same chemist also, globulin wlieu coagulated by lieat gives off 
ammonia, and the flltored liquid, instead of exhibiting increased alkaline reaction, 
like white of egg similarly heated, is found to have an acid reaction. Hence Lehmann 
concludes that soluble globulin contains ammonio-sodic phosphate, which is resolved by 
lieat into ammonia and acid phosjihato of sodium. He is also of opinion that- globulin 
contains, in combination with soda, an organic acid — probably lactic acid — to which is 
due the alkaline ash obtained from the liquid filtered from coagulated globulin. The 
prpsence of different mineral salts in albumin and in globulin may perhaps account for 
the sliglit differences observed in tlie characters of the two bodies. 

According to Valenciennes and Fr^my (Compt. rend. xliv. 1122), the outer and 
inner portions of the crystalline lens of the eyes of mammalia contain different modifi- 
cations of albumin, and those of fishes contain another albuminous substance called 
pliaconin. (See Eye, p. 615.) 

GXiOCBLBSZTB. A basic ferric sulphate, 2F©*0* SO*+ 6 aq., occurring in stalac- 
tites of considerable size at Obergrund near Zuckmantel in Austrian Silesia. (See 
Sulphates.) 

GlOBonr. Syn. with Nitroglycerin. (See Glycerin.) 

OXiOSSZ:cOZ.XTB. (Shepard, Sill. Am. J. [2] xxiv. 124; Pisani, Compt 
rend. 41, 310.) — A silicate of aluminium from Rising Fawn, in Dado Country, GeorpiJt 
compact, with conchoidal fracture, dull, of white, yellowish, or browmish colour, wi n 
shining streak: adheres to tho tongue. Hardness « 2 to 2*5. Specific j^avity — I 
(or if protected from penetration of water, 1*7). Soft to the touch . ^ 

Heated in a tube, it gives off water (17 per cent according to Shepard, 21*8 
to Pisani). and turns bluish-grey. Infusible before the blowpipe ; a blue 

colour with cobalt-solution. Decomposed by heating wth snlphimc P 

regarded it as an opal ; but according to Pisan i’s analysis, it contains pe 
SiO*, 37*8 A1*0», 0*6 and 21*8 water (- 100*5). 

GBOTTAXirrm A mineral from the greenstone near Glasgow, 

Clyde ; occurring in cubes with the angles truncated; colourless or white, with vitroous 
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lustre. According to Thomson's analysis {Outlines of MinrrolOgy^ i. 828). it con 
tains ST'Ol SiO*, 16-31 AlW, 0*60 FoW, 23-93 CaO and 21-26 water («99-otM 
agreeing approximately with the formula 

6(CaO.SiO*) + 2A120*.3Si0* + 18aq., or 2CaSiO».(flr>^iO« + 6aq. 

Greg (Min&raJs of Great Britain^ p. 171) regards the mineral as chabasite, a view 
which does not accord with Thomson’s analysis. The existence of the mineral as a 
distinct species cannot, however, be considered as positively established. {Hammds- 
berg* 8 Mineralchemie^ p. 781.) 

OXiVCZC ACZ1>. (Peligot), or (Koch- 

leder and Kawalier). Kalisaccharic add, (Peligot, Ann. Ch. Phys. Ixvii. 104. 
Mulder, Ann. Ch. Pharm. xxxvi. 243; Gerh. ii. 663.) — An acid produced by tlie 
action of acids and alkalis on sugar. A solution of dextroglucose (grape- or starch- 
sugar), saturated with lime or baryta, and left to itself for several weeks, gradually 
loses ite alkaline reaction, and the base which it contains is no longer precipitable l,y 
car^nic acid. It then ^ves with basic acetate of lead, a bulky white precipitute of 
basic glucat© of lead, which, when decomposed by sulphydric acid, yields glucic acid 
(Peligot). An easy mode of preparing the acid is to mix grape-sugar melted at 
100° 0. in its water of c^stallisation, with a warm concentrated solnlion of caustic 
baryta, potash, or soda. Great rise of temperature then takf's place ; and if the action 
be stopped before it has gone too far, a large quantity of glucic acid is obtained, 
which may be extracted with basic acetate of lead as above. (Persoz.) 

Glucic acid may also be prepared by boiling cane-sugar, in contact with the air, with 
dilute sulphuric acid ; filtering ; saturating with chalk ; evaporating to dryness; and 
dig^ng the residue in a very small quantity of water. The brown syrupy liquid thus 
obtaiu^ which contains acid glucate of calcium, together with the calcium-suit of 
apoglvdc acid^ a small quantity of sulphate of calcium, and uncrystallisable sugar, is 
treated with alcohol to precipitate the apoglucate, and decolorised with animal charcoal; 
then mixed with caustic lime in sufficient quantity to destroy the acid reaction; and 
again with alcohol, which throws down neutral glucato of calcium in white flakes. 
From this salt the acid may be obtained by precipitating its solution with basic acetate 
of lead, as above. (Mulder.) 

According to Rochloder and Kawalier (J. pr. Chera. Ixxiv. 28, 299; Jahresb. 
1858, p. 267), gullotannic acid boiled with baryta-water yields glucic and gallic acids, 
and if the liquid, when cold, be filtered to separate the precipitate of gallate of barium, 
the filtrate shaken up with air, and the rusty-brown precipitate thereby formed be re- 
moved, a solution is obtained free from gallic acid ; and on removing the baryta by 
sulphuric acid, precipitating with basic acetate of lead, decomposing the precipitate witli 
sulphydric acid, and evaporating in vacuo, glucic acid remains in the form of a thick 
acid syrup. 

Glucic acid (from sugar), obtained from its solution by evaporation in vacuo, is a 
colourless, amorphous body, resembling tannin, very soluble in water and in alcohol ; 
that obtained from tannic acid does not solidify (Kawalier), According to Mulder 
it does not absorb moisture from the air, but according to Peligot, it is highly hydro- 
scopic when dry. It has a very fresh taste. Heated to 100° C., it decomposes, turn- 
ing brown, and giving off a large quantity of water. The aqueous solution turns 
brown when boiled in contact with the air, or with dilute sulphuric or hydrochloric 
acid, forming apoglucic acid. With the same acids in the concentrated state, it forms a 
brown ulmic substance insoluble in water. 

The glucat ee^ both acid and neutral, ore soluble in water. The neutral caleiuw- 
salty dried at 109°, is permanent in the air, and appears to contain C''*‘H**(Ca")*0** + 
H*0 (Analysis by Mulder, 38-4 per cent. C, 4-6 H, and 23 2 Ca ; calculation, 38-8 C, 
4-0 H, and 22-6 Ca). It is very soluble in water, sparingly in alcohol. The aqueous 
solution is decomposed by carbonic acid, yielding acid glucate and carbonate of calcium. 

The add calcium-salt crystallises in needles, soluble in alcohol. It is produced by 
the action of aqueous glucic acid on carbonate of calcium. 

Basic glucate of lead is insoluble in water, and appears to contain C*^H*®(Pb")*0'*. 
3PbO + H*0. (Analysis by Peligot, 14 8 and 14*2 C, 1*9 H, 69-3 and 70-5 Pb; 
calculation, 16*0 0, 1-7 K, and 70*0 Pb.) 

Apofloolo aoldf the product formed from glucic acid by oxidation ip, the air 
(p. 848), may be separated from the solution of its calcium-salt by precipitating with 
acetate of lel^ and decomposing the lead-salt with sulphydric acid. In the diy state 
it forms a brown amorphous mass easily soluble in water, sparingly soluble in alcohol, 
insoluble in ether. Afccording to Mulder, it contains, when dried at 120° C., C'**H**^?* 
+ HO, It is perhaps identical with assamar. (See Assahap, Oabahbl, lltrHic 
SuGAB, Ulmic ACID.) 
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OAVonrs^ eijfdum,, BfrylUum. 8^1 O ; atomh wciaM 0- 1 1 or SmM 
jje; atomic Utetgkt 14 . y i ijy moot 

This Bomewhat wetal, the oxide of which was discovered by Vauqnolin in 1798. 
oijcurs as a 8ihMtejfii(ither alone, as in phenacite, or a<wociato>l witli other silicates in 
euclase, leucophaae. helvite, and several varieties of gadolinite: also as ’an 
iamniiiate m chrysoberyl or cymopliane. 

Wohler andBussy, in 1828, first obtained metallic glucinum, though in an iinpuro 
and pulverulent state, by fusing the chloride with potassium in a platinum crucible 


to Dcville’s first process for the reduction of alumininm. A small dish containing 
cldoride of glucinum is introduced into a combust ion -tube, and after the air htw bi'cn 
expidled by a current of hydrogen, another small disli containing metallic sodium 
previously well cleansed from naphtha by pressure between filtering iiapiu*, i.s likt'wiso 
itiUx^duced. Heat is then applied, first to the sodium to melt it, and then Vo the chlo- 
ride of glucinum, which volatilises, and coming in eontaet, with the melted sodium, is 
thei’t'by decomposed. A black mass consisting of glncimim and chloride of sodium is 
thus obtained, from which the metal may be separated in {li.s(iiu;t glo])iilcs, by melting 
the mass ill a small crucible with an additional quantity of chloritle of sodium, and 
washing out the soluble salts with water. The improved methotls of reducing chloride 
of iilumiuiimi with sodium (i. 150) might doubtless be applied with advantage to the 
preparation of glucinum, 

Glucinum, as obtained by Debray's process, is a wliite medal, of sp(‘.ciflc gravity 
21. It may be foi-ged, and rolled into sheets like gold. Its inelt iiig-]ioint is l>elow 
that of silver. It may be melted in the outer blowpiiH'-flamc, without exhibiting the 
phenomenon of ignition presented by zinc anti iron under the same circumstunces ; it 
cannot even be set on lire in an atmosphere of pure oxygen, but in both experiments 
becomes covei’ed with a thin coat of oxide, which seems to protect it froni further 
clnnigc. It does not appear to combine with sulphur under any circumstances, but 
unites directly with chlorine and iodine with the aid of heat. It unite.s readily with 
silicon, forming a hard brittle substance susceptible of a liigh polish ; this alloy is 
always formed when glucinum is reduced in porcelain vessels. Glucinum does not do- 
coinpose water at a boiling lieat, or even when heated to whiteness. Sulphuric and 
hydt ochloric acids dissolve it, with evolution of hydrogen. Nitric acid, even when 
conc<mtrat.ed, does not act upon it at ordinai*y temperatures, and dissolve.s it hut slowly 
ill the boiling beat. G-luciuum is not attacked by ammonia^ but dissolves readily in 
Ciuistic potash. 

Tiic ubove-raontioned properties differ considerably from those of Iho metal which 
AVohha* obtained by igniting chloride of glucinum with potassium in a platinum 
iTiicible, the metal thus produced being a grey ixiwder, very refractory in the fire, 
I'ur combining with oxygen, sulphur, and ehiorino much more energetically thnn 
D<*bpay’s inetaL Tho differences appear to be due, partly to tlio different states of 
iigprogatioii, and partly to tlie contaiiiiiiution of Wohler's inclal with platinum and 


potassium. 

Compounds of Glucinum, — G-lucinum forms but one class of compounds, and into 
these it was supposed by Berzelius to enter as a triatomic radicle (with tho atomic 
weight 7) the chloride being Be*01^ and the oxido 11*0*, this view being base<i ujM>n 
certain resemblances between the chlorides and hydrates of glucinum and aluminium, 
and upon the supposed capability of glucinum and aluminium to replace one another 
ill indefinite proportion in minerals, c.g. in chrysoberyL This, however, has boim 
completely disproved by the researches of Awdejew and Damour, from which it 
appears that the proportions of glucinum and aluminium in chrysoboiyl are qiiifo 
constant, from whatever locality the mineral may be derived. Moreover, gliicina bcaiw. 
On the whole, a much closer resemblanco to the protoxides timn to the sesquioxides. 
It fonns a carbonate and double carbonates, which jJumina does not. When strongly 
healed it volatilises like magnesia, without fusing, whereas alumina melts ; and h 
cannot be fused with lime, as alumina can, without the presence of another body, such 

Again, cldoride of glucinum does not form definite compounds with the alkaline 
chlorides as chloride of aluminium does. For these rea.sons Debray reganls glucinum 
^ diatomic, that ie, as replacing 2 at. of hydrogen, and as.signs to glucina the for* 
n>«ln GO. 

This view pf the atomicity of glucinum is further recommended by the greater sim- 
Pbeity of the formulm which it affords for many of the compounds of the metal ; take 
«>r example the phosphates analysed by Scheffer (Ann. Oh. Pbarm. cjx. 144) . 

VoL. IL ^ 3 1 
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0*4. 


Orthophosphates. 
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,q| 2P*0»+ 7aq. ~ 7 aq. i •'5^^|6PO» + 21 aq.«^6(B^«)»' 

Ptf rophosphate. 


O'S 




aQ"O.FO‘ + 5 oq. = + 5 aq. I 2Bo«0*.3l«0‘ + 16 aq. = 1 0» ^ 

On the other Imnd, H. Uoso (Pogg. Ann. xcvi. 445) ia’disposcd to regard glucina as a 
•esquioxido, partly from cert-ain considerations relating to its specific volume, aud fur- 
ther, because when heated with alkaline carbonates, it decomposes them, which no 
protoxide is known to do. It must also bo observed that many compounds of glucinum 
are not isomorphous with the generality of substances, which, if glucinum be monatomic, 
must bo represented by similar formula?. Thus glucina is not isomorphous with limo 
or magnesia ; chrysoberyl, if expressed by the formula (AP)’*0"0*, will be included, so 
far as composition goes, in the class of spinels ; but in crystalline form it differs essen- 
tially from all other minerals of that class. The emerald, G"arSi‘‘^0®, also diffl-rs 
completely in crystalline form from the generality of silicates of the form M"SiO\ 
Ordway (Sill. Am. J. [2] xxvi. 197) finds that glucina has a great tendency to form 
basic salts with three and six at. of metal to 1 at. of acid radicle, and adduces this 
tendency as an argument in favour of the trivalentof the metal ; inasmuch as aluminium 
and ferricum exhibit the same tendency ; — but as lead, which is certainly not triviilimt, 
forms a great iiutnbor of basic salts of similar constitution, this argument has not mucii 
force. 

On the whole, the question as to the equivalent value of glucinum cannot bo regarded 
as decid^, but the balance of evidence perhaps inclines in favour of the tri-equivalcnl 
value. 

The affinity of glucina for acids is less than that of the alkaline earths and of yttria, 
but stronger than that of alumina; for tho hydrate dijcomposes amnioniacal salts at Ibn 
boiling heat. The hydrate dissolves readily in acids, the ignited oxide slowly,- but it 
may bo rendered easily soluble by fusion witli sulphate of potassium. The salts arc 
colourless, unless the acid itself is coloured : many of them crystallise well. Must 
neutral glucinum salts are soluble in water ; tho solutions have a sweet, astringent 
taste, and redden litmus, Many glucinum salts which are insoluble in water, e.g. the 
borate, phosphate, carbonate, &c., dissolve readily in acids. The silicates dissolve in 
acids only after ignition with sulplmte of potassium ; by fusing them with caustic al- 
kalis or alkaline carbonates, the glucina is separated, and is then soluble in acids. 
Glucinum salts containing volatile acids, even tho sulphate, give off the acid wlien 
ignited; the anhydrous chloride volatilises without decomposition. 

Glucina has a great tendency to form basic salts. According to Ordway the neutral 
nitrate, G"(NO*)* -»■ 3H»0, or Bo*0».3N-'0» -f 9H»0, heated for 20 hours over the water- 
bath, leaves a soluble basic nitrate containing Q"O.G"(NO")* -t- 3H’0 or 2Be*O*.3N'0‘ 
+ 9H[*0 ; the same salt remains in solution when an aqueous solution of tho neutral 
nitrate is treated in the cold with carbonate of barium, but on boiling, the whole of 
the glucina is. precipitated in the form of a salt conUining a great excess of base. 
The neutral nitrate, formate, chloride, bromido, and iodide of glucinum may be almost 
wholly convert^ into tribasic salts by digestion with hydrate of glucinum. Tho 
neutral nitrate may also be converted into the tribasic salt by partial neutralisation of 
the add with ammonia : the sulphate also in like manner, but the solution does not 
boar dilution. The solution of the acetate dissolves hydrate of glucinumy till it 
oonverted into a sexbasic salt. ■ 

IHbVOUiUlKp A&&OT8 OF. But little is known of the alloys of ^^ludnum. An 
alloy of this metal with iron is obtained by heating glucina to whiteness in contact with 
iron and charcoal (Strom eyer), or with iron and potassium (H.'Davy); also ^ 
decomposing glucina, in an atmosphere of hydrogen, by the current of a powerful^' 
Uic battery, me negative pcle of which is form^ of an iron wire, which is ihsed by 
the current (H. Dawy). The alloy obtained by Stromeyer is white and 1<^ 
malleable than iro%aha dissolves in acids, forming a glucinum<-8alt and a ferrous salt 
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OXiUOnnrM, BKOMIBIB or. GBr*or Be»Br* -^Olucinum takes flw whsB 
j,eat-od in bromine-vapour, forming a bromide, which sublimes in long colourless prisms, 
is fusible, volatile, and dissolves in water, with great rise of temperature. — Hydrate 
of glucina dissolve* in aqueous hydrobromic acid, and the solution, when evaporate^ 
jields deliquescent crystals of a hydrated bromide, which when ignited leave a residue 
of glucina. (Berthemot) 

O&VOJUi VBCf CHXiOBIDB Or. GCl** or Bo*Cl'’. — Formed by heating the 
metal in chlorine or in hydrochloric acid gas, and by the act ion of aqueous hydrochloric 
acid on tho metal or its oxide. ^ The anhydrous chloride is prepared by passing diy 
chlorine gas over an ignited mixture of glucina or pulverised beryl with charcoal, ft 
then collects in the colder parts of tho tul»o, or in tlje rectuver, in silky needles and 
flukes, thickly interwoven or caked togetlier iiito.a dense mass. It melts at n gentle 
heat, and at a higher temperature again sublimes in net'dles. It is less volatile than 
chloride of aluminium. Ileated with potassium or sixlium, it 3 'ield 8 gluciuum. 

Chloride of gluciuum dissolves in water, with considerablo rise of tenqwraturc and 
a hissing noise ; it is very doliqucseeut. The solution, which may also bo obtained by 
dissolving glucina, &r the mehil, in hydrochloric acid, deposits on evaporation a crys- 
talline mass, consisting of tho hydrate<l cldoridts GCl*. 211*0. A basic chloride^ or 
oxyddaride^ is obtained by boiling the aqneou.s solution with glucina, or by treating it 
with a quantity of ammonia not sufficient for complcto precipitation. 

GXiUClinrM, BSTBCTIOK ABB BSTZMATXOB OF. 1. lleactkms,-^ 
Glucinum is not precipitated from neutral or aei<l solutions by sulpht/dric acid. 

Alkaline sulphides throw down liydrate of gliicimini as a bulky white precipitate, 
with evolution of sulpliydric acid. 

Caustic potash and soda form a gelutinou.s precipitate of hydrate of glucinum, 
soluble in excess of the alkali, but completely precipitated on boiling, if the solution is 
dilate, and redissolving only to a very slight extent on cooling; if the caiKstic alkali- 
Bolulion was very eoneent rated, the hydrate does not separatti from the boiling solution 
till water is added, but the precipitation then takes place iinmediabdy. 

Ammonia also precipitates the liydrate, oven in presence of ammoniacal .salts ; the 
precipitate is not soluble in excu^ss of ammonia. 

alkaline earths, and likewise maijnesia and yttria, precipitate glucinum as a 
hy«lrate. The normal and acid carbonates of potassium and sodium tlirow d«>wn 
a bulky precipitate of carbouate of glucinum, soluble in a large excess of the reagent. 
Carbonate of amtnoniuni produces a similar precipitate, but soluble in a much smaller 


excess. 1 1 M* 1 t • fi 

Carbonate of barium precipitates glucina completely at the l>mling lieat; in tlie 
cold, according to H. Ro.se (Haudb. d. Cliem. i\nal. ii. 61), no prceipitate is tonned ; 
but according to Awdejew (Rogg. Ann. Ivi. 101) and Wee re n {ibid. xcn. .1), 
partial prc-cipitation takes place. Ordinary phosphate of sodimn ^\^ro^ys Aossna 
• uleut precipitate. Ferrocyanide of potassium produce.s no precipitate at first, but Uio 
liquid becomes gclat iiious after a while. Alkaline succinaUs form a white precipitate ; 
imoturc of galls llu-ows down yellow flakes. Gliiciimm salts arc not piHvipitatcd by 
Hiilpliate of potassium, hydrofluo.silicic acid, carbonate of calcium, oxalic acid, alkaline 
oxalates or tartrates, or by ferricyanido of potassiinn. a 

Tho reactions of glucinum arc in most respect.s similar 
Piiflicieiit distinction between the two is, however, afforded by the 
Ismaie of ammonium, whicli dissolves the precipitate's of gliiciiium 
and alkaline carbonatos, but not the corresnonding prmpitates of 
furtlier distinction is that gluciniim-coinpouiids. moistened 
heated before the blowpipe, do not give tlic blue colour wine 
aluminium-compounds. . . . j j? 

2. Quantitative Estimation and 

ds solutions for quantitative estimation by amnioiiiii, or ^ elucina 

aium. The precV^le, when washed and ignited, yields the 

The methods of separating glucinum from other metals ivrc for tho most part 

»^me as those for tho separation of aluminium. , ^ 

^en glucinum and aluminium occur together in so u . i hydrates witE u 

' rating them is that given by Berzelius, viz. to boil the prccipi^l 
highly concentrated solution of sal-ammoniac as long as ammon , . , « ensure 

The ihole JXJucina then <i-o]ve. and the 

TOmplefo sepontion, it is necceiaity to f**'^®„.p,rine tho water as it evapo- 

*'"g, and continue the boihng for a considerable time, wn^g e p^oj„tion of 

«tes. to prerent the dilution beaming ^ T Ce^«anti‘rof hot water, then 
• ammonia ceases, the solution is to he diluted witli a 5 method 

filtered hot, and the glucina precipitated hy sulplude of ammonium. 

3 I 2 
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usually gjven for effecting this separation— viz. by digestion in a cold strong solmio 
of ciu^onate of ammonium — is not satisfactory, because a portion of tho alumina d’ ^ 
aolves together with the glucina, although by itself it is quite insoluble in carlwnute*”f 
ammonium. Neither does precipitation with carbonate of barium give satisfacton 
xesults, a portion of the glucina always going down with tho aluirtina. (Weoren ) 

According to V. Hofmeister, on the contrary (J. pr. Chem. Ixxvi. 1), the method 
of digestion in carbonate of ammonia is the best of all methods of separating glucin i 
from alumina, provided it be carried out as follows : — The mixture of the two earths 
precipitated by caustic ammonium and washed, is digested in a quantity of solution 
of carbonate of ammonium not much more than sufficient to dissolve the whole ot 
the glucina, this quantity having been approximately detorminod beforehand. Tho 
.alumina which remains is then perfectly free from glucina. Tho solution contains tlie 
whole of the glucina, together with a certain quantity of alumina ; if the quantity ot 
alumina thus dissolved is rather large, the solution becomes spontaneously turbid, after 
standing for 6 to 12 hours. Tho solution is acidulated with hydrochloric acid, heated 
till all the carbonic acid is expelled, and precipitated by caust ic ammonia. Tlio wdl- 
washed precipitate, if treated with a quantity of carbonate of ammonium smalhr than 
that previously used, yields a residue of alumina, which may contain glucina ; and in 
that case the resulting solution is free from alumina. The same treatment is now t<; 
be applied to this undissolved residue (or to tho solution, if the residue is frt<o ft-um 
glucina) ; and in this manner a complete separation of the two earths is effected. Tho 
best way of precipitating the glucina from its solution in carbonate of ammonium is to 
Buporsatuiate with hydrochloric acid, and then with ammonia mixed with a little 
sulphide of ammonium. (See also Scheffer, p. 863.) 

Atomic weight of Glvucinum , — The atomic weight of glucinum has not yet been 
determined with the same degree of accuracy as those of most other metals. Tho 
early determinations, founded on analyses of the cliloride and sulphate, wore much tou 
high, the error having apparently arisen from the formation of basic salts in tho pre- 
cipitations, so that the separation of the base and acid was not complete, 

Awdejew (Pogg. Ann. Ivi. lOl) fotmd in chloride of glucinum prepared by the 
action of chlorine on a mixture of glucina and charcoal, from 867 to 88*3 per cent, 
of chlorine ; whence, for the formula GCl*, ho finds G =» 9*64 , and for Be*Cl*, Bett H'C. 

From the analysis of tho sulphate of glucinum, Q"SO*, Awdejew found for the 
atomic weight of glucinum (S = 32*2) values' ranging from 9* 13 to 9*444, mwin 
G *» 9*3, which, if reduced to tho value which it should have for S 32, becomes 
G = 9*24 or Bo « 13*96. 

From these determinations, the atomic weight of glucinum may bo estimated ap- 
proximately as G = 9*4 or Be =14. 

OlkVCZSnrM, nVOXlDB or, GF* or Bc-F”.— The anhydrous fluoride i.s 
not known. The solution of hydrate of glucinum in aqueous hy»lrotluoric acid ilriuw up 
to a colourless, transparent, gummy moss, which remains clear at 60^ C., but gives oil 
water and becomes milk-white at 100°, then swells up, and at a red heat gives off p:iri 
of its acid, provided tho whole of tho water has not previously been driven»off. It 
dissolves readily in water, even after it has been heated. (Berzelius.) 

Fluoride of Qhbcmum and rota98ium, 2KF.GF*, or 6KF.Bc''‘h'*. — Precipitated iu 
small scaly crystals on mixing the solutions of tho component lUioridos. If the lhiorid«i 
of potassium be added in excess to the solution of chloride of glucinum, tho compound 
separates in the form of a jelly, but its solution in hot water yields crystalline scaKs 
on cooling. (Berzelius.) 

GXitroXirUMt ZOBZXIXI of. GI’' or Be*I®. — Glucinum takes fire when heated 
in iodine vapour, the iodide subliming in colourless prisms easily soluble in water 
(Wohler). It is less volatile than the chloride, and is dpeomposod by oxygen, oven 
, at the heat of a spirit-lamp, yielding iodine and glucina. (Debray.) 

OZiirCZinJMv OXZBS of. Glucina. BeryUia^ Beryllerde, Swiserde, 00, 
OT Be*0*. — Glucina may be prepared from beryl or either of the other silicates of 
glucinum by calcination with alkaline hydrate or carbonate, or with quiddime. 
Weeren fuses an intimate mixture of 1 pt. finely pounded beryl and 3 or 4 ptt). 
carbonate of potassium in a hessian crucible, keeping tho mixture at a full white lieat 
for two hours ; treats the fused mass with hydrochloric acid in the uraal 
separate silica ; precipitates the glucina, alumina, and ferric oxide with ammonia ; and 
bulls the precipitate with a strong solution of sal-ammoniac as long as ammonia con- 
tinues to escape, frequently renewing the water. By this means the glucina alone 
dissolved, and may be precipitated by ammonia or sulphide of ammonium. ^ ^ 

mineral, finely ^und^ (levigation with water is quite^upei^uous), is fu^iwitK half iw , 
weight ^ quicklimjn au air-frirnace, and tho glass thus obtained is treated, first wita 
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iWf, then with rtrong nitric ncid till it is reduced to « homogeneous iellr The 
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dissolves the nitrate of calcium immediately, and the free lime after a wbiirwith 
evolution of ammonia (if no ammonia is evolved, the calcination has not been carried 
far enough, and must bo repeated). The liquid is then decanted ; the precipitate after 
thorough washing, treated with boiling nitric acid; and tho resulting solution of 
alumina, glucina, and iron poiired into a solution of carbonate of ammonium mixinl 
with free ammonia. The earths are thereby precipitated without evolution of enrbonie 
acid, and the glucinu redissolves, after seven or eight days, in tlie excess of earboimte 
of ammonium. As the carbonate of ammonium may also dissolve a small quantity of 
iron, it should be mixed with a little sulphide of ammonium to precipitate the m>n 
completely. Lastly, the carbonate of ammonium is distilled off, and the carbonate of 
glucimim which remains yields pure glucina by caleination. 

According to O. Scheffer (Ann. Ch. Pharm. eix. 144), the precetling processes 
are attended with coiisidera})lc loss of glucina : tho following gives better results. A 
mixture of 7 pts. beryl and 13 pts. fluorspar is digested at 100 ^ — 200° C. with about 
18 pts. sulphuric acid, in a leaden capside (or in a porcelain capsule, especially if a 
somowhat smaller quantity of fluorspar be used), a large quantity of fluoride of silicon 
being thereby evolved. The mass is then heated nearly to redness in a capjicioiis 
jKJTcelain crucible, and dissolved in water acidulated with sulphuric acid, and the 
solution is mixed with 1 ‘7 pts. siilphat© of ammonium, or an equivalent quantity of 
sulphate of potassium, and left to itself till the greater part of the uliiinina contained in 
it has crystallised out in the form of alum. To separate tho alumina still remaining 
in solution from the glucina, the liquid decanted from tho alum-eryetals is diluted 
with 6 or 8 times its volume of water, and digested for two or three days with gmim- 
kted zinc, then heated with the zinc and filtereti The wliolo of fho alumina is 
thereby precipitated as basic sulphate, while the glucina remains in solution, also as 
hi! sic sulphate (G‘‘‘0 .(.t'‘S 0*) together with sulphate of zinc. Tho greater part of tho 
luttor may be crystallised out us zinco- potass ic .sulphate by addition of sulpliato of 
potassium (1*4 pt.^. of that salt to I pt. of zinc dissolved) ; the decanted liquid mixed 
with excess of acetate of sodium; the remaining zinc precipitated by sulph^dric acid; 
ihe filtrate neutralised witli ammonia; and tho whole of the glueiim pirecipitatcd by 
fiulphide of ammonium. Common beryl treated by this process yields from 11 to 12-5 
per cent, pure glucina, 

Cilneina is a soft, light, very bulky white powder, of specific gravity 2'967. It is 
tasteless and adheres to the tongue. It is not hardened by heat like alumina, but 
merely rendered less soluble in acids. When very stiM>ngly lieated, it volatilises, like 
magnesia^ without fusing. Ebclmeii has obtained it in hexagonal pri.sms by exposing 
51 sohition of glucina in fused boraeic acid to a powerful and long-continued heat. It 
may be more easily obftniud in microscopic crystals, app^sirt ntly of the same form, by 
ii<Tomposing the sulphate at a high temperature in presence of sulphate of potassium, 
5ilso by calcining the double carbonate of glucinum and ammonium. 

Il^/drate. or a"O.Tr*0. — ^This is the precipitate formed in glucinum-salt* 

by ci'iustic alkalis. It resembles trihydrate of aluminium when nioi.st, but forma a 
i-owder when dry. It parts with its water at a high tempcniturc, but without 
bocoming incandescent. It dissolves iii caustic potash and sod.i like alumina, but is 
precipitated by boiling, when the solution is dilute^ to tt certain extent with water. 
According to Weeren, it dissolves slightly in ammonia, unless chloride or .sulphide or 
ammoniuTn is present. It absorbs carbonic acid from the air, in the dry, as well as m 
the moist state. 

OXiVCXSOrorifty oatYO-Blff-S AIUTS Sec p. 849 ; also the several Aans. 

GibircXXSTmK. PHOSPBXDS OW* Glucinum burns in v;q>our of phosphorus, 
forming a grey powder, which is decomposed by water, with evolution o spon aneous y 
iullammable phosphorettod hydrogen gas. 

O&VOnrVME, saumps or. Produced, with vivid incandescence, when 
pucinnmlTftS with selenium. It forms a ctystailine 

ttMtured surface; is slowly dissolved and decomposed by water, but oxidises quick y, 
vi^ separation of gelenium, in contact with the air. . is 

The precipitate formed by sclenide of ammoiuum in solution g 
probably impure hydrate of glucinum oontaming selenium. 

OXiiroXmniK. fiVliramB or. Formed, with vivid incandescence, when 
glucinum is'ignit-ed in sulphur vapour; it is not produced by igniting gucina 
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vapour of sulphide of carbon. It is a ^ey unfiieed mass, vrhich dissolves sloirly in 
water, without evolution of sulphuric acid, and is easily decomposed by acids, salpliv. 
drio acid being then evolved. » P j* 


CULTOnrUMf TBUmuaiB or. Produced, without emission of light, when 
glucinum is heat^ with tellurium ; it is a grey powder, which decomposes gradually 
in contact with the air, and immediately in conUict with water, giving off teuurbydr^ 
acid. ^ 


OUJCOBAMm C*H*®0*. — The anhydride of doxtroglucose. Bextroglucose dried 
l>etween 100° and 110° C. gives off wato at 170°, becoming coloured at the samelimt* 
and is converted into glu(,‘osan, mixed, howover, with small quantities of caramel and 
unaltered glucose, the latter removable by yeast, t he former by charcoal. Glucosan Ih 
a colourless mass, scarcely sweet to the taste. It turns the plane of polarisation to thu 
right, somewhat less strongly than dextro-glucose. It does not ferment immediatt'ly 
ill contact with yeast, but only after being treated with dilute acids, which convert it 
into glucose. (G4iis, Oompt. rend. li. 331.) 

Glucosan may be regarded as a hoxatomie- alcohol, containing the tetratomic radicle 

0*1I\ and represented by the formula |o*; in fact, by treating glucose with 

acids and with alcohol, compound ctliers are obtained, related to glucosan in the same 
manner as the mannitanides and diilcitanides (p. 521) are related to manuitau and 
dulcitan. (Berthelot, Ann. Ch. Phys. [3] lx. 96 ct siq.) 

Ae«to-Klaeo.aii. C*“H“0'‘ = + GC’H'O* - 6n»0, Glu- 

cose acettqWf Hcxacetoglucoae, — Obtained by heating glacial acetic acid with dextro- 
glucose or with cane-sugar to 100° C. for fifty hours; purified like the corresponding bu- 
tyric compound. Trehalose and starch at 180° C., and dextrin at 100°, form with 
acetic acid, compounds similar to or identical with this. 

Aceto-glucosan is a pale yellow or colourless neutral oil, having a bitter taste and 
faint odour. It dissolves abundantly in water, but not in all pro|Hjrtioiis, and is (>n- 
cipitatod from the solution by chloride of calcium. It is soluble in alcohol and cllu r 
(Berthelot). It becomes acid in contact wdth the air, turns broAvn when heah^il, and 
burns with an odour of caramel. It is carbonised by oil of vitriol ; slowly deconijxjyid 
by boiling with dilute sulphuric acid, into acetic acid and dextro-glucose, whicli is 
further partly resolved into humous substances. With alcoholic hydrochloric acid, it 
forms acetate of ethyl and dcxtroglucose. Aceto-glueosan reduces potassio- cupric 
tartrate. 


Benso«glaoosaa. 


()» + 2C’irO^ - 2II‘0. (?/«- 


(CTI*)”' 
c«»ii‘«0' == (capo)- 

j 

QO&t heneoiqxw or dUn'nsoique, DUmxeoyl-glwoae , — Obtained by heating benzoic acid with 
dextro-glucoso or eune-sugar to 100° d. for fifty hours, and purified like butjTO-glu- 
cosan. The same or a similar compound is produced by heating benzoic acid with 
trehalose to 180°, or with cotton to 200° ; also at ordinary temperatures in a mixture 
uf cotton, oil of vitriol, and benzoic acid; in nil cases, however, only in small quantity. 
It is a neutral, semi-fluid oil, which produces grease-sfiots on paper, and has a bitter, 
pungent taste. It dissolves sparingly in wat.«»r, easily in alcohol and ether. It burns 
with an odour of caramel when heatwl ; is carl>oni8cd by oil of vitriol. With alcoholic 
hydrochloric acid, at a moderate heut, it yields benzoate of ethyl and dextro-glucose. 
It reduces potassio-cupric tartrate. 


8utyro-ff Ittooaan. C ' < 


(C*IP)‘" 

H* 


« OlI'W + 2n»0. Ghmw 


hutyrique, Dihutyrin-glucose , — This compound is produced from cane-sugar, dextro- 
glticose, OP trehalose, and in small quantity from dextrin, by heating with butyric aciA 
Traces of the same or a similar compound are obtained when cotton or paper is heated 
with oil of vitriol and butyric acid. To prepare it, butyric acid is heat^ with can^ 
sugar or anhydrous dextro-glucose to 100° C. for fifty or sixty hours ; the mass w 
exhausted with alcohol, and the solution filtered and evaporated* The residue is 
mixed with concentrated aqueous carbonate of potassium, a lump of caustic potash 
lieing added to neutralise it completely; the mixture is shaken up with ether; the 
ethereal layer is decolcris(Hl with animal charcou’ , and the filtrate is evapowted over 
the water-mith. 

Butyroglucosan is a pate yellow, viscid oil which produces ^use-spots on psp^^* 
It is neutral, very bitter, with a slightly aromatic odour; retaina water obstinately* 
it dissolves sparingly in water, easily in alcohol and eth^. It bnms when heated 
emitting an odour of caramoL It is carbonised .by oU of vitriol, and resolved, by heat* 
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mg with dilute sulphuric yi^ntc butyric arid and dextro-glucose. With alcoholic 
hydrochloric acid it yields dex^-glucoae and butyrate of ethyl From potasaio-cuDrio 
tartrate, it reduces cuprous oxide. v cupng 

J 


Sttiyl-fflueoaaii. 


C*H‘*0» + 2C^H«0 - 2IPO,— Pro. 


dttced when a mixture of cane-sugar, bromide of ethyl, and hydrate of potassium is 
heated in a scaled tube to 100® C. for several days, and the product, ^en cold is 
treated with ether; ethyl-glucosan is thereby dissolved, and may be obtained by eva- 
^K)ration as a colourless oil • It has a bitter taste and a faint, agreeable odour and is 
!iot volatile. It is nearly insoluble in water. From the ethoroid solution it is almost 
completely precipitated by animal charcoal (Bert helot). By heating with dilute 
sulphuric acid, it is resolved into alcohol and dextro-glucose. From potassio-cupric 
Nrtrato it reduces cuprous oxide. ^ 


(Uucosotartaric acid, (p. 872), may be represented by the formula 

3 (C*JFOy l^*'^*^*^**'^*^’*^^ acid, by the formula 


G&ircOSII. or — A species of sugar produced, by the action of 

acids, certain ferments, and other reagents, and by processes going on in living 
plants, from cane-sugar, dextrin, starch, cellulose, and other carbohydrates ; also by the 
decomposition of glucosides (p. 806); also by certain transformations of mannite and 
glycerin, and by the action of sodium-am.algam on oxalate of ethyl There are two 
varioties of it, distinguished their action on polarised light, viz. dextroglucoso, 
which turns the plane of polarisation to the right; and Imvoglucosc, which tunis it 
to the left. 


Bcxtroffluooae. Ordinary glucose, Granular sxigar {Krumdzuckcr), and, accoixling 
to its origin, Grape-sugar, Fruit-sugar, Honey-sugar, Starch-sugar, Diabetic sugar. 
Sugar of Urine, Chestnut-sugar, llag-sugar, some o{ which names arc also used to denote 
gliK'oso in general. It was first recognised as a distinct substance by Lowitz (Crell. 
Ann. I7fi2), and Proust (J. Phys. Ixiii. 257); first prepared from .starch by Kirch- 
hoff (Schw. J. xiv. 389) ; from linen by Braconnot (Ann. Ch. Phys. [2] xii, 181). 
Its combinations with bases have been investigated chiefly by Poligot (i5/W. Ixvii. 
1JJ6) ; those with organic acids by Berth clot (ibid. [3] liv. 74, lx. 95), who has like- 
wi.se investigated its fermentation in contact with chalk and cheese (ibid. I 322), and 
its formation from mannito and glycerin (ibid. 1. 369). Our knowledge of gluco.se has 
been fiirlher extended by Dubrunfaut (Ann. Ch. Phys. [2] liii. 73; [3] xxi. 169, 
178 ; Compt. rend, xxiii. 38; xxv, 308; xxix. 51 ; xxxii. 249; xlii. 228 and 739), who 
has eliminated much that does not properly belong to it, and more exactly characterised 
its properties. 


Oecurrcnce. a. In the Mineral kingdom. — Impressions of ferns from the clay-slata 
of Petit-cfcur, in Savoy, contain a sweet substance, which smells like caramel when 
hiirnt on charcoal, ami perhaps consists of glucose (Cal loud, Compt. rend, xxxiii. 
51 1). On the alleged nccnrrencc of sugar or dextrin in vegetable mould see Vordeil 
Jin l Rlsler, Compt. rend, xxxv 97, and the counter-statement of Pctzholdt (J. pr. 
Clhm. lx. 368.) 

b. In the Vegetable kingdom. — Dextroglucoso occurs abundantly in sweet fruits, fre- 
f|uontly together with cane-sugar, and always with such a quantity of hevorotatory 
fruit-sugar that the mixture exliibit.s laevorotatory power, and is thence called in verted 
sugar (p. 863), The isolated occurrence of dextroglucose has been observed only in 
the follp,riiig cases . _ , 



348). Dextroglucoso is contained in the manna of the asn-tree; a 
unknown orimn, was found to contain a peculiar sugar not 

liiiTing a molecular rotatory power equal to J of that of ^ , 

(Biot, Compt. rend. xiv. 49^ Whether the sugar occurring in many rthcr ^s of 
plants should be considered as dextroglucose, is not yet deeiM. -AirSnded a^a 

net’s researches (p, 712), cane-sugar and inverted m^ar (which widely 

pficuliar substance, at least with reference to its origin), appear . v ^ many 

difihsed; and the imperfectly investigated granular 

chemists appears to be^ inverted sugar, formed either in the plant, or during p 
h> which it is subjected for the extraction of the sugar. 
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* In Honey. -^TI m sabstance contahis cano>migar (whi^ is gradtuilly inrertod by 
keying), mverted Bugar» and an excess of dexiroglucose. (Pubrunfau^ Compt remi 
xxix. 61.) 

c. In the Animal body. — In many animal liquids and tissues ; in the lirer, in the 
amniotic and allantoic liquids, in the blood, in the chyle, in the transudates, in the 
yolk and white of hens’ eggs. In large quantity, to the amount of 8 or 10 per cent., 
in diabetic urine; in small quantity slso in the urine of healthy men (Briieke; 
Bence Jones, Chera. Soc. Qu. J. xiv, 22), The urine of a fox fed exclusively oii 
meat contained glucose (Vintschgan, Wien. Akad. Ber, xlii. 623). Compounds of 
glucose are likewise found in the animal body. (See Glucosides.) 

Formation. — Of dextroglucose and fornicntablo sugars in general isomeric therewith, 
in so far as they cannot with certainty be referred to other species. 

A. By the transformation of Carho-hydrateSt %oith assumption of Water. 1, Glucosan, 
C*ir®0* (p. 863), isconTerted into dextroglucose by boiling with dilute acids. (GMis.) 

2. Dextrin is converted into dextroglucose by boiling with dilute acids (Biot and 
Persoz). . Diastase acts in like manner, according to Payen and Persoz ; according to 
Musculus, it does not. — 3, Under the same circumstances, soluble starch and common 
starch are converted into dextroglucose, after they have been previously converted 
wholly or partially into dextrin or other intermediate products. Dextroglucose is also 
formed from starch by continued boiling with water, by prolonged contact with glntin, 
saliva, animal gelatin, the pancreatic juice, the substance of tho kidneys, mucoua 
mcmbHine, urine, bile, semen, blood-serum ; and by watery infusions, prepared at d()o C., 
from the heart, brain, lungs, liver, kidneys, spleen, and muscles. (Soe Giuelin^s Hand* 
huch^ viii. [2] 21.) 

4. Glycogen is converted into dextroglucose under the same circumstances as starch. 

6. In like manner, lichenin and paramyhne are converted into glucoso by boiling 
with acids. 

6. Cellulose treated with strong sulphuric or hydrochloric acid (i. 819), oraconcen* 
trated aqueous solution of chloride of zinc, yields products which are converted into 
glucose when their aqueous solution is boiled with water. Glucose is likewise produced 
in the decomposition of lignosulphate of leady and by tho action of alkalis on pyroxylin. 
But it is doubtful also whether this sugar should bo regarded as dextroglucose. Ac- 
cording to B 6 champ (Ann. Oh. Phys. [3] xlviii. 602), it yields, when treated with 
alcohol, two sorts of crystals, one having the hardness of cane-sugar, the others re- 
sembling dextroglucose. 

The skin of the silk-worm, and that which remains in the cocoons when the butter- 
flies escape, are capable of yielding a substance isomeric with cellulose, which may bo 
converted into glucose. When the caterpillars arc boibnl for sevei’al houns with .strong 
hydrochloric acid, and this treatment is repeated three times with tho residue, and this 
residue is washed with strong potash-ley, then with water, and dried between 100° 
and 110° C., a white light substance nearly free from nitrogen is obtained, which gra- 
dually diffuses iu oil of vitriol, forming a colourless gummy liquid. This solution, 
added by small quantities to boiling water, and boiled for an hour or two, yields fer- 
mentable sugar, which reacts, like glucoso, with common salt and potassio-cupric 
tartrate. (De Luca, Compt. rend. liii. 102.) 

7. Tunicin is decomposed by sulphuric acid, under the same circumstances as cellu- 
lose, into dextroglucose and a second substance. 

8. Maltose y nuUnHosCy trehalose and mycosc, are completely converted into dextro- 
glucose by boiling with dilute acids, 

B. Another class of compounds yield by their decomposition dextroglucose nnd 
another product. This latter body is either isomeric with glucose: "thus melitoso 
is resolved, by dilute acids, yeast, and other bodies, into dextroglucose nnd eucalin ; 
cane-sugar into doxtro- and laevoglucose ; — or it belongs to the class of non-saccha- 
rino b^es, in which case the compound which yields this second product and doxtio- 
gluCoae belongs to the class of Glucosides (p. 866). 

C. In the decomposition of dulcite (C*II“0®) by nitric acid, there is form^ amongst 

other products, a sugar, which reacts with alkalis, potassio-cupric tartrate, 

basic nitrate of bismuth, and indigo, in the same manner as dextroglucose. (Oarlet, 
Compt. rend. li. 137.) 

D. From Oxalate of Eihyl.^VIhm this compound is brought in contact with 
sodium-amalgam at low temperatures, and the product is agitatw with ether, a solu- 
tion is obtained from which a greasy mass separates on addition of water. This mass 
iO a, mixture of oxalate of sodmiii;;, another sodium-salt, and fermentable sugar. 
(Ldwig, J. pr. Chem. Ixxxiii. 133.)' 

R fVom Mannite or When a moderateljr concentrated aaneous solution 

mannite, dulcite, or glycerin, is left for some time in contact with the testicles of 
man, or of the horse, dog, or cock, a peculiw fertnontable sc^ is product the frnn- 
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,tion of whi«* ^es pla<» in certain eases, when, instead of the testicle. 

a CpTi «r 

When to a solution of manmte or glycerin in 10 pts. water there is added sucli a 
quantity of comminuted testicle that its dned substance amounts to X of the man- 
nite, contained in an open flask, is exposed to diMised daylight 

between 10^ and 20 C., the Injuid, after an intej^al varying from a week to three 
months, is found to conhiin (without the occurrence of putrefaction, which, indeed is 
incompatible with the sufcess of the experiment) a subsUnce which reduces cupric 
tartrate. The testicular tissue, if separjited at this time from the liquid by deoantatiou 
and thorough washing, then again iiitrcxluced under similar circumstances into a solu- 
tion of mannite or glycerin, produces therein, in the course of a few weeks, a consider- 
able quantity of sugar. This sugar is formed, sometimes in extremely small, sometimes 
in larger, quantity, amounting to ^ of the mannite or glycerin, and is partly further 
altered during the operation. It is not formed by the substance of the testicle, inas- 
much as this substance is recovered for the most part unaltered, and* givea up to the 
liquid, chiefly salts and albuminous substances, amounting to less than the weight of 
tlic' sugar. - The sugar is probably laevo-rotatory. It is dcliqiiescciit, unciy'stallisable, 
and cannot bo separated from the glyecriii. It is apt to alter during tlic ovuporatiou 
of its solution, is turned brown by alkalis, ea.sily fermented by yeast, and reduces 
potassio/cuprie tartrate. It is very soluble in water, alcohol, and glycerin, and slightly 
prcripitablc by ammoniacal sugar of lead, (llerthelot). On the formation of sugar 
in the muscles and lungs of the foetnl calf, see G metin' 8 Ilandhxmli^ viii. [2] 489. 

Preparation . — 1. From ilia juice of various kinds of fruity especially of Grapes . — > 
The juice is Ixiiled and skimmed; the fro.p acid is neutmlised with chalk or marble: 
and the liquid is concentrated to one-half, clarified by depjwition and decantation, or 
further with white of egg, and evaporated to a syrup, not too tliick. From this the 
grape-sugar separates after some weeks, and is purified by repeated solution in water 
und crystallisation. 

2. From Honey, White granular honey is diffused in J pt. of cold strong alcoliol, 

wliieli dissolves the more soluble Imvoglucose, and leaves tlie dextrogliicoso for the 
nio.st part undissolved ; the solution is separated from the sediment after a few hours; 
the sediment strongly pressed ; the residue again triturated with ^ pt. alcohol ; again 
pressed, and the undissolved portion is purified by solution in water and crystellisation 
(Braconnot^ Bull. Pharm. lii. 360.) A similar process is followed by Proust, also 
byCavozzalli(Scher. J. vii. 714), andTrommsdorff (N. Tr. ix. 1, 287). — 2. Siegle 
sprtMids granular honey on dry porous bricks, whereby the liquid ^rtion is absorl>(*d, 
leaving, after a few days, a granular residue, which is rccrvstalliscd from warm alcohol 
with help of animal charcoal (J. pr. Chem. Ixix. 148). The dextroglucose obbiiiied 
by either of these processes will be contaminated witli cane-sugar, if the honey con- 
tained that substance. i • v -i i 

3. From Starch by the action of dilute Stdpkuric acid . — 1 pt^ of starch is boiled 

ith 4 pts. water, and a quantity of oil of vitriol weighing from 

le sbirch, the liquid being stirred and the water continually renewed till the liquid is 
no longer precipitated by alcohol. To bring it to this state, the boiling must be con- 
tinued for a longer tiilie in proportion a.s less sulphuric acud has been u.sed; with the 
above proportions, from 6 to 36 hours’ boiling is rtHpiired. The dextroglucoso then 
contained in the solution is separated and purified in tlio same manner iis tna rom 
grape-juice (Kirchhoff ). In preparing starch-sugur on the large se^ale, the ebullitmn 
is produced by passing over-heated steam into the mixture coutai nod m close cas s. 
When starch is boiled with water and 2 per cent, oil of vitriol, the liqui eing 
rated after 6 or 7 hours, at which time it is no longer precipitated 
crystallisable syrup is obtained. It is only alter longer boiling that ‘bo wbolo of tho 
dissolved matter is converted into dcxtroglucose, part of which 
further alteration, so that the liquid does not eiwily yi«ld iLitrahsed bv 

(Anthon, Dingl. poh J. cli. 218). After the sulphuric acid has " 
chalk, a small quantity of acetic acid must bo added before boi '“S Centr 

excess of lime leads io the formation of bitter products of decomposition, (i olyt. C . 

4. From Starch, by the action of Gluten, 

mixed by stirring with 4 pts. of cold water are 70"’ C. wutli 1 pt. of 

and the paste thus formed is digested for eight bours a ' ^ evaporation, a^ohol 

dried and pulverised wheat-gluten, rimhtlv^alter^ and the sola- 

extracts the sugar, leaving ^e starch which is still but si g y 
tiou yields the sugar by evaporation. 

4 The product thui obtained ii perbapi not dextroglucote, but maltose (ff. e.) 


with 

the 
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100 pts. ot starch arc suspended in 400 pts. of cold water ; the mixture is poured into 
2000 pts. of boiling water, and after the whole has cooled to 65^ 0., 2 pts. of Wastage 
dissolved in 20 pts. of cold water are added. The mass, which in a few minutes 
beoumes peifectly fluid, is kept for 2^ hours at a temperature between 60^ and 65^ C.* 
evaporate as quickly as possible at 60^, or better in vacuo, to 34^ Bm., and left to 
itself for some days iji shallow vessels. By treating the syrup, which is sometimes 
crystalline, with alcohol of 96 per cent, at a temperature of 76® 0., cooling the solution 
out of contact of air, filtering, reducing the filtrate to a syrup by distillation and con- 
centration, and leaving the syrup to itself in vacuo, crystals are obtained whioli mjiy 
be purified by pressure, renewed treatment with alconol, and rccrystallisation fmnj 
4 pts. water at 66®, with help of animal charcoal. The diastase may be economically 
replaced by 18 times the quantity of malt. (Gu^rin-Varry.) 

6. From. Linm . — (See i. 819.) To 12 pts. of linen purified as completely os possible 
by treatmont, first with potash-ley, then with water, and dried, 17 pts. oil of vitriol 
ore very slowly added, so that no heating may take i)laco; the mass is kneaded to- 
gether, left to itself for 24 hours, then djs.solved in a very large quantity of wniter; the 
solution is boiled for 10 lioura; the acid is saturated with chalk; the liquid is filtered 
and evaporated ; and the glucose which separates after some days is purified by rccr^’s- 
tallisation (Brae on not). Vogel uses sulphuric acid of sp. gr. 1*8, which blackens 
the linen less than the strongest acid, and leaves the mass to itself for two days. 

. 6. From the Urine o/ diah tic patients , — The crystals obtained by evaporating tho 
urine are pressed (after being separated from the chloride-of-sodium compound of 
glucose) and purified by crystallisation from boiling alcohol (Chevreul), or by diges- 
tion with cola alcohol and subsequent reciystallisation (Front). Addition of ctlur 
to the alcoholic solution favours the crystallisation (Peligot, Hiiiiefeld). Tho 
urino is evaporated to a syrup on the water-bath ; the residue exhausted with alcohol ; 
the tincture precipitated w'ith basic acetate of lead ; the lead separated from the filtnite 
by sulphuretted hydrogen ; and the clear liquid evapomtod to a syrup and allowed to 
stand till it deposits crystals (Hiiiiefeld, J. pr. Chem. viii, 660). Freqiu'ntly 
nothing but crystals of the chlorido-of- 80 »lium compound of glucose are obtained on 
evajKirating diabotie urine. (Lehmann, Gmlin's Handbook, viii, [2] 668.) 

Ih'opertics , — Doxtroglucose separates from it.s aqueous solution by slow evaporation 
in white, opaque, granular, hemispherical or eauliflower-shapcd masses, consisting of a 
hydrate ; but from alcohol of 95 per cent, or upwards, it separates in 

anhydrous, microscopic, sharply-defined needles, wliich melt at 140® C. to a colourless, 
tnuisparont mass (0. Schmidt, Dissertation iiber Gottingen, 1861). 

These anhydrous crystals are, however, frequently mixed with small portions of tlio 
liydmto. Anhydrous glucose is also obtained as a white powder by heating the liydrate 
to 65® or 60® C. in a stream of dry air, and as a fused transparent mass by heatiug 
tlie hydrate to 100°. 

Dextroglucose is much loss solublo in vmfer than cane-sugar, requiring for solution 
^ times -its weight of cold water; in boiling water it dissolves in all proportions, 
forming a syrup wdiicli has a very sw’cct taste, but is not so ropy os the syrup of cane- 
sugar. Fuiverised glucose placed on the tongue produces a pungent and mealy taste, 
becoming slightly saccharine as the substance di.ssolvcs. 2.J pts. glucose according to 
Front, 2 pts. according to Dubrunfaut, sweeten as mucJi as 1 pt. of cane-sugar. 

The following table, calculatej by Pohl (AVien. Aknd. Ber. xi. 664), from determina- 
tions by Gniham, Hofmann, and Hedwood, exhibits the quantities of anhyilrous glucose 
contained in aqueous solutions of different specific gravity : 


Qii.'intity of anh>droiii glu- 

Sprcific gr.ivlty 

Quantity of anhydrous glu- 

Specific gravity 

cose hi 100 pts. solution. 

of solution. 

cose in 100 pts. BOl'itlon. 

of solution. 

2 

. 1*0072 

15 . 

. 10610 

6 

. 1 0200 

17 

. 10693 

7 

. 1*0275 

20 . 

. 10831 

10 

1*0406 

22 . 

. 10909 

12 

. 1*0480 

26 . 

. 11021 


\Dextro-glucose is also less soluble than cane-sugar in alcohol: the solution, satu- 
rated at the boiling heat, deposits crystals which retain a portion of alcohol with con- 
siderable force. 

The molecular rotatory power of anhydrous glucose (C*H'*0*), for tho transition-tint 
(see Light, Polxeisbd), is [a] « +63*2° (Dubrunfaut), 67*44® (B4champ)f 
66*16® (Pasteur); for the monohydrate (C**H'*0*. HH)), [«] » +48® 4puhrun- 
fan t), 53*03 (B6 0 h amp). A freshly prepared solution of hydrated glucose (also of the 
crystals of anhydrous gluco^ obtained from absolute alcohol, or of dehydrated ^ucose 
prepared without ihsion) shows a rotatory power equal to twice the above; but it 
gradually sinks to this point and then remains constant ; but if the gjiueose has been 
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dehydrated by fusion, its solution, even when freshly prepared, possesses the same 
rotatory power as that acquired by a solution of the crystals after Ions ‘standing. 
Dubrunfaut distinguished the glucose contained in a freshly-prepared solution as glu- 
cose birotatoire* The solution of the crystals in wood-spirit retains its rotatory power 
for a longer time than the aqueous solution. 

JOeoompositione. — 1. When dcxtroglucose dried at 110® C. is heated to 170®, it 
gives off one at. water, and is converted into glucoean, C*H‘*0» (QAlis, p. B54). 
^en heated for a long time to 160®, it turns brown, and is then hygroscopic after 
cooling (O, Schmidt). Between 210® and 220® C., it swells up more than cane-sugar, 
gives off a larger quantity of water, and yields caramel (Peligot). The products 
formed at high tomperaturea are similar to those obtained from eane-Bugitt(i 747), 
but are somewhat more fusible, more easily soluble in wati*r, and less soluble in alcohol. 

2. Glucose froths up in the open fire, evolves a smell of burned sugar, and bums 


away with flame. . , . , , . „ ... 

3. When oxygen is passed over glucose mixed with spongy platinum, formation of 
water and carbonic anuydrido commences between 140® and 160® C., and at 260® the 
glucose is completely decomposed (Boise t and Millon, Ann. Ch. Phys. [3] viii. 
268). Aqueous glucose in contact with platinum-sponge di >08 not absorb oxygon ; 
but if pot^h-ley is also a<ldcd, it becomes heated, and is oxidised to carbonic anhydride 
and water (Ddbcroiuor). It yields formic acid when heated with chroviic odd and 
sulphuric acid, or with peroxide of 'tnanganrse and sulphuric acid (Hiinefold). 
Aqueous glucose does not alter aeid chromate of potasaium when heated with it 
(Keich) By distilling 1 pt. glucose with 1 pt. oil of vitriol, 1 pt. peroxide of man- 
knese, and 30 pis. water, a distillate is obtained winch exhibits the reactions of 
aldehyde, and possesses also the smell of acrolein (Li cbig). Glucose is not altered 
bv boiling with peroxide of manganese alone (Sturenbevg), neither is it altered by 
pormanganato of potassium (Monier). It takes fire when triturated with 6 pts. 
jH-roxide of had (B o 1 1 g e r). On adding small quant itics of glncosc to a IxMhng Hi) 
of Dcroxiie of lead and water, carbonate and formate of lead are obtained : CTI'^O* e 

= 20'H*PbO‘ + 2PbCO‘ + -iPbO + 4IPO. (Sturenberg.) 

4. Bextroglucose behaves like milk-sugar when its aqueous solution is heated, that 
is to say, it turns yellow, and finally dark brown, and, if afterwards left to evaporate, 
loaves an acid deliquescent syrup, which does not crystallise, oven afUrr several montiis 
(Hoppe, Chem. Centr., 1860, p. 64). The rotatory power of the aqueous solutioii 
does not alter by standing for ten months (M aumene, Conipt. rend, xxxix. 91^. A 
concentrated aqueous solution becomes yellow when heated in a chlonde-of-8(^ium 
hath, but its rotatory power is scarcely altered in 40 to 80 hours. (Soubeiran.) 

6. Its aqueous solution, mixed with 1 at. acid carbonate of potassium, and then 
with 1 at. iodine, and warmed, yields iodoform. (Millon.) • u v. 

6. Heated in a sealed tube with bromine in presence of water, it gelds hydro- 
bi-ouiic acid, a dark-brown liquid, and humus-like products. (Barth 

7. CMorine converts glucose into a brown or black 

i. 748 (Maumen^). Stannic chloride acts upon glucose m the sumo way as upon 
cane-sugar, converting it into Maumen^’s caramelin (i. 749). nml 

8 . ^Ling acid converts glucose into niyo-glucosc (f ® 

M^^nard). When heated with common, or moderately diluted 
yields saccharic acid (Heintz) and oxalic acid, but no 

9. By heating glucose with synipy aqueous «r/ i 9 

tity of a sacoliaride is obtained. (Bert helot.) , .. - 

10. OlucoBe dissolves without (-oloration when tritura ^d w ™{e-suimr! 


oil of vitriol, and evolves carbonic oxirte ana cniooun. brown and yields a 

gliicusn is boiled with dilute sulphuric aeid, the liqui j i, .Ibo produced, 

deposit Of ulmin and ulmio acid ; when air has access, formic acid is also proance 


(Malaguti, Ann. Ch. Phys. liv. 417 ) >,nfs.rmAntable. (Bddcker.) 

11. Glucose longboilcd j . decomposed into earbonio 

12. When heated with aqueous todtc acid, it i» 

anhydride and water. (Millon.) „„rnic ncid. end exposed to the 

13. Mixed with water and an equal SL^c r.) 

sun, it becomes red or brown after thiw or four d^ • I (Dobcrcinor.) 

14. Honey behaves with <wrohc<«etd in the same j jjAjly .iterod by long 

16. The Jotatory power of aqu^us glucose 

heatine^in a chloride-of-sodinm bath wiw ocfftc rompounds ate formed, with 

16. heating dexWuo^ ^th ^ longer possess 

elimination of water, whi« belong to the clw o ^ ^ breaking np again, by 

the properties of the acid and of sugar, but are capawo o. 
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888Tinilating ^ter, into the acid and dextroglucoee (Bert helot)* See Glucosides 
and SAccfiABiDBS. 

17. Gaseous ammonia passed over doxtroglucose heated in a water-bath, or to 
100® 0.,* is rapidly absorbii ; water holding civrbonnte of ammonium in solution dis- 
tilling over, while a brown tasteless nitrogenous residue is loft. (P, Thonard, Hep. 
Ghitn. pure, 1861, p. 20.) ' ‘ 

IS* .Ghieose is decomposed by long contact with alkaliSy alkaline, earths^ and 
some metaUio oxides^ forming glucic acid (P^ligot). Whon it is heated with 
potasklcy, the solution becomes dark brown, evolves a smell of caramel, and contains, 
besides glucic scid,,Peligot*8 melassic acid. 

1,9* A thick syrup of glucose distilled with lime yields an oil from which metace- 
t o n e and p h o r o n e can be obtained by fractional distillation. (L i 6 s-B o d ar t, Ann. 
Ch. Pharm. c. 364.) 

20. Aqueous glucose heated with nitrate of barium to 180® C. for 48 hours in a 
pealed tube, yields a body which is insoluble in water, and contains a small quantity of 
nitrogen, while an acid colourless solution remains, which quickly becomes colouredf on 
exposure to tho air, and contains neither nitric acid nor ammonia, but evolves a largo 
quantity of ammonia when fused at a red heat with hydrate of barium. (P. Th(5nard, 
Bull. Soc. Chim., 1861, p. 61.) 

21. By heating aqueous glucose with aqueous carbonate of sodium and basic nitrate 
q/ a black-brown liquid and greyish-brown precipitate are obtained (Bdttger, 
Jahrb. pr. Pharm. xxii. 29). Glucose can be detected in cane-sugar or in urine by 
this reaction. (Bdttger, J. pr. Chem. Ixx. 432.) 

22. Oiystallised glucose, evaporated with excess of oxide of lead^ loses 11*14 per 
cent. (10*4 per cent, according to Gu^rin-Varry) of its weight, but the residue is 
brown, and smells of burnt sugar (B orz o 1 i u s). A mixture of crystallised glucose with 
oxide of lead loses in weight 28 per cent at 110® C., tho sugar being converted into 
melassic acid. (P e 1 i go t ) 

23. Ferric sulphate and chloride are reduced to ft?rrous salts by boiling with aqueous 
glucose (Hiinefeld, J. pr. Chem. vii. 44). Ferric hydrate is reduced in the cold, 
still nxore easily on l)oiling (Kulilmann, Compt. rend. xlix. 257). An aqueous mix- 
ture of 6 pts. tartaric acid, 240 pts. crystallised carbonate of sodium, and 5 or 6 pts. 
crystallised ferric chloride, if heated to boiling, filtered hot, and tlum mixed with 
glucose, becomes darker coloured, and deposits a precipitate containing ferrous oxide. 
(JLdwcnthal, J. pr. Chem. Ixxiii. 71.) 

24. A concentrated solution of glucose mixed with nitrate of cobalt and a small 
onantity of fused caustic potash, remains clear on boiling, or, if very concentrateil, 
deposits a light-brown precipitate (Reich). The presence of glucose in a solution 
of cane-sugar prevents the production of the violet-blue precipitate, which solu- 
tions of pure cane-sugar give with solutions of cobalt and potash. (Reich, J. pr. 
Chem. xliii. 72.) 

26. An aqueous solution of glucose mixed with potashdey^ and then with cupric sul- 
phatCf dissolves the cupric hydrate which separates at first, with a deep blue colour, and 
deposits cuprous oxide after some time in tlie cold, immediately if heated. The produc- 
tion of this precipitate makes it possible to detect and distinguish ,0^7^ pt glucose 
from cane-sugar, starch, or gum ; by the reddish coloration of tho solution, 

^ucose can be detected (Tromraer, Ann. Cli. Pharm. xxxix. 361). Under the same 
conditions, 1 at. glucose roduces 5 at. cuprous oxido (formed from 10 at. cupric 
oxide) from a solution of cupric sulphate mixed with a sufficient quantity of tartaric 
acid and then with potasli ; a solution usually called potassiolartrate of copper, A 
similar reduction takes place when cupric acetate is boiled with a solution of glucose ; 
cuprous hydrate is then deposited, acetic acid is given off, and the solution retains a 
copper salt which has not yot been examined. Nitrate of copper is not reduced by 
glucose. 

26. Mercurous nitrate is not altered by aqueous glucose at 100® C. (Baumann.) 

. 27. Glucose throws down metallic silver from aqueous nitrate of siloeTt as a black 
precipitate, on boih'ng; from aqueous ammdnio-nitrate of silver, as a dirty-gre^ precipi- 
tate (Baumann). Ammoniacal glucose throws down silver as a metallic mirror from 
ijqueous silver-salts, in the cold or when heated (Liebig). The metal is also sepa- 
rated when a mixe4 solution of nitrate of silver and glucose is allowed to stand for 14 
days (Sch wertfeger, Jahrb. pr, Pharm. vii. 292). A solution of glucose, mixed with 
carbonate of sodium, or with potash-ley, reduces chloride of silver to the metallic state 
on boiling ; it reduces carbonate of silver even at 68® — 70® (Sch iff, Ann. Oh. Pharm. 
cix. 68}. On heating glucose with oxidfl^of silver and potash-Ieyi oxalic acid is formoA 
(Liebig) (6i(f. cxiii 12.) •/ 

^ 28* Glucose is not changed by ebuU^ion 'with aqueous (Baa mann*) 
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29. If solution of glucose mixod witli indigo^ or with solution of indigo, is hoilod 
itnd carbonate of sodium dropped in, the liquid is decolorised by the conversion of the 
indigo-blue into indigo- white. (E. Mulder, N. Br. Arch. xcv. 268.) 

30. An aqueous solution of 1 ferricyanide of potassium {red prussiato) mixed 
with J pt. hydrate of potassium, and heated to 60^ or 80° C., is decolorised when mucous 
glucose is dropped in. Inverto<l sugtvr behaves in the same way, but cane-sugar and 
dextrin prepared by roasting (the latter not even after being boiled for a sliort time 
with acids) do not decolorise the solution. 100 c.c. of a solution containing in that 
bulk 10-98grmB. ferricyanide and fijgrms. hydrate of ix)tussmin, is decolorised by tlie 
inveiled sugar formed from 1 grm. of cane sugar. (Uentole, Dingl. ix)l. J. clii. 68; 
Jahresb. d. Chem. 1869, 698.^ 

31. Dcxtroglucose is capable of undergoing (p. 729). It i.s not 

tliereby first converted into another kind of sugar, certainly not into Ijcvoglucosc; for 
the liquid has, at every stage of the procc.ss, a dextro-rotatory power propovlioiial to 
the quantity of glucose contained in it, and yields crystals of dextroglucosi' by evapo- 
ration. (Ventzke, J. pr. Chem. xxv. 78; Mitschcrlich, Togg. Ann. lix. 94; 
Dubrunfaut, Ann. Cliim. Phys. [3] xxi. 171.) 

32. In the lactous fcrmmtation (p. 630) of dextro-glueose, tlio robitory power 
diminishes constantly in the proportion coiTespondiug to tlie quantity of acid formed 
(Dubrunfaut). Erythrozyin acts on glucose in the saiuo way us U£)ou sugar. 
(Scliuuck, J. pr. Chem. Ixiii. 222. See also p. 267.) 

Left to itself in contact with chafk and chase, or g dat hi, or other nitrogenous ani- 
mal substances, at 40° C. for weeks or moiith.s, an aqueous solution of glucose is capa- 
Idc, according to Borthelot, of undergoing a d<-eonqH)si1ion, diflereiit from fermentation 
piY»perly so called (wliich takes place under the inlluenee of yeast), whereby tin* nitro- 
genous "substance as well as the sugar suffers decomposition, and nit rogen, carbonic 
auliydride, and hydrogen, are evolved, while alcohol, and butyrate and lactate of calcium 
are formed. Yeast is not produced under these circumstances, unless air has cxcc.ss to 
the liquid. In other cases, cells resembling yeast make tlieir appearance without any 
alcohol being j>roduced ; so that, under the.se particular conditions, yeast and alcohol 
are independent of each other. The chalk may be replaced by many otluT carbonates 
—50 grms. glucose, 800 grms. water, 50 grms. chalk; and 20 grms. choose, left to 
stand at the mean temperature, produced at first lactate of calcium, l>ut after live 
months this had disappeared, and the liquid contaiiieil butyrate of calcium, and a 
quantity of alcohol amounting to 2 per cent, of the glucose used. AJcoliol was also 
formed after addition of fatty oil, or of oil of turpentine, but there W'as no lactate of 
calcium ; addition of sulphide of carbon prevented tlio destruction of the sugar. A 
mixture of 1 pt. glucose, 10 pts. water, J pt. cheese, and 1 pt. magnesia alUi coatuined, 
after five months, alcohol, lactate, and a small quantity of butyrate of magnesium, the 
sugar being completely destroyed. In this and in some of t he lollowiug cases, it ih‘- 
mained doubtful whetlier or not yeast was form<*d. Similar products w'cre formed 
wlien an equal quantity of carbonate of barium was nsi'd instead of the magnesia. 
Alcohol was obtained when the carbonate of zinc, manganese, iron, mckel, and lead, or 
peroxide of manganese, oxide of zinc, cupric oxide, metallic iron, and mi'tallic zinc 
were used instead of the magnesia ; with oxide of load and caibonaUi of copper no a - 
coliol was obtained. Alkaline carlK)nate.s, or borate, idiosphatr, or I “ ^ V 

sodium added in equal quantity, did not prevent the’protliiot ion ot alco m 
soda, the sugar was destroyed without yielding alcohol ; with ® ^ .• 

calcium, it remained uiialtored. When the magnesia was replaced ^ y. 
ammonium, alcohol was formed together with ^ o-.rhon 5-2 hv- 

which was deliquescent, and contained at 110 C., (Bt^rthch/t 

di*ogen, and 18 *9 lime, nearly corresponding to the formula Cl • ( ^ * 

.-.eid is gradually ndd..d to 

until tho precipitjiti! at first produced is renlissolved, the luju i . . 

of a smaUquau^tity of solution of glucose, a violct-r..d colour, - 

tion of permanganate of potassium. t ''i. i,', itkoVer this n'action is 

(l-ettokoferTAnn. ChA'harm. lii, 90). 

applicable to the detection of sugar in wne, * j ’ ijkcwise oil-fat, oil of 

min by boilipg trith alcohol. Ar Ch.Phanli. Ixxi. 

almonds, atid many other oils, beliave like bile (M. S. o » „ — 


, o. — - - 

266). The extractive matter of healthy 1 ” ox^Wle 

same coloration, which may sometimes be SX) Accolding 

a small quantity of water only (Van don V. ’ ,_nt,prg in healthy urine yield, 

to Schunok (thil. Mag. [4] xxii . a su,^r possessing 

when decomposed in aqueous solution by tneans uncrvstalliflod and insipid. 

the compositi^ and sonm of the pK)perticB 0 i uucr.>suiiisou 
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Coikhinalions of Dextroglucote, 

A. With fTalcf.— Melted glucose deliquesces at first in the air by absorption of 
water (7*^ per cent according to tfu^rin-Varry), and solidifies as soon as the 
quantity of water is sufficient for the formation of crystals, to a crystalline, granular 
mass. Glucose dried without being melted absorbs no water when exposed to the air 
(B^champ, Compt rend. xlii. 900). — The crystals of anhydrous glucose, obtained 
from alcohol, if dissolved in a small quantity of water and evaporated ^ovor oil of 
vitriol, are found to have taken up a quantity of water amounting to only 3*1 per cent, 
of their weight. Anhydrous glucose appears, therefore, capable of existing for some 
time in aqueous solution (0. Schmidt). An aqueo^ solution evaporated to a tliiu 
•yrup solidifies after a few days to a granular mass ; if evaporated to a thick syrup it 
does not solidify, owing to absence of sufficient water, until it has absorbed mon> water 
from the air. 

a. Hemi-hydrated glucose, Anthon’s hard-crystallmd glucose, — Prepared on the 
manufacturing scale by a process which is kept secret. In the crystallised state, air- 
dried, it contains 2C*n*‘'0".H*0, and does not diminish in weight when placed over oil 
of vitriol at 13®. (An then, Chern. Centr. 1859, p. 289.) 

b. Mono’hydraU'd glucose. Crystallised glucose. 0*II'*0*.n*0. This hydrate is 
generally obtained in wliite, opaque, granular hemispherical or cauliflower-shaped 
masses, with occasional shining surfaces. The crystals are seen under a magnifying 
glass to be six-sided tabhs, whose lateral faces cut each other at angles of about 120®. 
Mitscherlich obtained on one occa-sion transj)aront well-formed crystals, as much as 0*5 
millimetro lon^, which snowed double refraction (Biot, Compt. rend, xxiii. 909). — The 
crystals are brittle and grate between the teeth. Specific gravity 1*3861. (Guerin.) 

The mono-hydrate becomes soft at 60® C. more so still at 66®, losing a smidl quantity 
of water; at 70® it becomes doughy; at 90® — 100®, it deliquesces to a thin syrup, and 
loses in all 9*8 per cent, water (Gu6rin-Varry). It melts between 70® and 80° ; if 
dried in vacuo, Wween 90® and 100® (Bi^chanip), at 86® (C. Schmidt) loseaO — 9.1 
per cent, water (3 at. =* by calculation 9*09 per cent, water) (Peligot). In a strtmm 
of diy air it loses only hygroscopic water at 60®, but between 66° and 60® part of its 
water of crystiillisation, and, if kept at this temperature for a few hours, it may bo 
heated to 80° or 100° without melting. (B 6 champ, Compt. rend. xlii. 898.) 

B. With Metallic oxides. Glucosatbs. — Doxtroglucoso unites with the alkalis, 
alkaline earths, and oxide of lead, forming compounds which may bo regarded as glueos(‘ 
in which the hydrogen is more or less replaced by a metal. Those comuounds are 
more easily decomposed than the corresponding compounds of cane-sugar. An aqueous 
Bolution of glucose takes up a largo quantity of baryta, strontia or lime, forming 
yellow solutions precipitablo by alcohol, which, ovon when protected from tlio air, be- 
come darker and decomposed when kept or heated. Their taste is bitter and slightly 
nikalino, and when evaporated in vacuo, they leave transparciil , brittle masses, some- 
times containing unaltered glucose, Doxtroglucoso also forms dclinitc compounds with 
bromide and chloride of sodium. 

Glucosates of Bariurn. — a. C’'-lD‘Bai'’0''*'. — An alcoholic .solution of hydrate of barium 
is added to excess of glucose dissolved in alcohol, and the prt‘cipitute is washed with 
Strong alcohol and dried in vjicuo over sulphuric iicid. It is a nearly white, 
powder, having a caustic taste; easily soluble in water. (W. Mayer, Ann. Chini. 
Pharm. Ixxxiii. 138.) 

h. 2C‘W‘*Ba"0’“,lhrO + 6.'iq, — A solution of glucose in wood-spirit is mixed with a 
solution of baryta (not in excess) in m|uoous wood-spirit ; the preciplUte is washed with 
wo(xi-spirit and dried in vacuo, first over quicklime, then over oil of vitriol (Peligot)- 
Soubeiraii. precipitated a mixture of baryta-wjiter .»nd excess of glucose with alcohol. 
The salt acquires a bright yellow colour at 100° 0. in vacuo without undergoing 
further alteration ; at a higher temperature it frotlis up and chars. (Pol i got.) 

Glucosate of Cakiiwi. C®H*®Ca/'0® + aq. — A freshly nrojwred solution of hydrate 
of calcium in aqueous glucose is procipitaterl by alcohol (Peligot). Soubeiran 
figitates glucose with milk of lime, ;uld8 a small quantity of glucose to the filtrate to 
neutralise the excess of lime, and precipitates with alcohol. The salt does not become 
perfectly dry till it has stood a long time in vacuo. (Soubeiran.) 

GliuifsatesofLead. — a. C**H®(Pb")’0** + 2tiq. — An animoniacal solution of neutral 
acetate of lead is added to excess of glucose-solution till the precipitate becomes per- 
manent. The white precipibito washed out of contact with Carbonic acid and dried in 
vacuo, turns yellow at 160® C. without further altoratiom (Peligot) 

b. C®H®(Pb*')*0®. — 26 pts. aqueous ammonia are added to the mixed solution of 20 pts. 
dextroglucose (or invert^ sugar, according to Soubeiran) and 86 pts. neutral acetate 
of lead in 400 pts. water, and the precipitate is dried, first in vacuo, then at lOO . 
(Soubeiran.) ,v 

Glucosate of Bromide of Sodium ^ 2C®H'*0*.NaDr.-~ThLis compound, p^epeted by 
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leaving a aoMion of 1 at bromide of sodium and 2 at. glucose to evaporate in a warm 
place, washing tfio crystals which separate with cold water, and reciystaUisinff from 
alcohol, forms anhydrous rliombohodral crystals which are perhaps isomorphous with 
the following compound ; when examined by polarised light they exhibit the characters 

uniaxial crystals. (Stenhouse, Chem. Soc. J. xvi, 297.) 

(jhtcosaiea of - Chloride of Sodium.-^a. 2C®H*"0'*.NaCl + aq. — This compound, dis- 
covered by Calloud (J. Pharm. xi. 562), crystallises out when diabetic urine is 
evaporated, also from solutions containing 1 at. or less of chloride of sodium to 2 at. 
glucose ; according to Brunner, from solutions of glucose saturated with chloride of 
Bodium. When a layer of ether-alcohol is [loured upon diabetic-urine syrup, and the 
whole allowed to stand quietly, tran.sparent crystals of this compound are obtained 
(Hunefeld, J. pr. Chim. vii. 40). Glucose from diabetic urine yields this compound 
fiir more easily than glucose of diflferent origin (Erdmann and Lehmann), It is 
purified by crystallisation fiom water at the common teniperature. (B run nor.) 

^ Jt forms transparent, colourless, lustrous crystals, attaining half an inch in hngth, 
and belonging, according to Kobell and Schabus, to the h»‘xagoual system, and consistiiiff 
of hexagonal prisms and rhombohedrons. According to Pasteur, on the other hand 
(Awn. Ch. Phys. [3] xxxii. 92), they belong to the dimetric or rhombic system, forming 

hemihfedial rhombic prisms + — . — — . f qo , resembling double pyramids of tlio hexa- 


gonal system, but having the angles at the ba.se = 120° 12' and 119^64'. On cutting 
a crystal into laminae with parallel faces perpendicular to the axis which joins the 
siunmits of the two six-sided pyramids, and sending a ray .of polarised light tlirough 
these laminae, they do not exhibit tlie optical properties whicli belong to crystals of the 
hexagonal system (Pasteur). For further details respecting the crystalline form, 
Bee Gmdin's Ilandhook, xv. 236. 

The aqueous solution, wlien freshly prepared, oxhibit.s dextro-rotatory power cor- 
restonding to the quantity of glucose contained in it, viz. for the transition-tint, 
la] *= 47*14*^ ; but the rotatory power continually diminishes, especially if tin* solution 
18 hot, just like that of a pure solution of glucose (p. 858). 

h. C*H*^O^NaCl t- i aq. — Calloud obtained from glucose and common salt crystals 
containing 26 per cent, chloride of sodium, the existenc(^ of which was aftenvanls 
culled in question. The slow evaporation of diabetic urine salimited with common 
salt furnishes well-formed crystals, but without sufficicut lustre to admit of measure- 
ment. They contain on an average 23 01 per cent, chloride of sodium, and lose 3-36 

per cent, water at 130^ C. (8t iideler.) , . i ♦ i o«rnr.n i ..nrl 

Instead of the crystals h, crystals arc sometimes obtained containing between I and 
2 at. glucose to 1 at. chloride of sodiuiii: probably because the compounds b and c 

crystallise together. (Stadeler.) ■ i- i 

c. With 'iiwrc than 1 at. chloride of sodinnu^^y evaporating diabetic urine saturaUHl 
with common salt, very small crystals am sometimes obtaine.l which 
cent, water, and more chloride of sodium than the ci’ystals ^ ^ 

to the formula C*H**0«.2NaCl. (Stiideler, Pharm. Centr. 18.)4, 930.) 

X.aDVOgluooae. This sugar, isomeric with dextroghieose. but W 

by turning the plane of polarisation the opposite way, occurs oge mixture of 

in honey, in many fruits, and in other sacchariferouH vegetabl.; org^^n , the* 
these two sugars in equal numbers of atoms constitutes frui ^ ^ 

sugar, which is itself laevo-rotatory, because the specific mta ory 1 reeSrnisod 

is greater than that of dextroglucoso. This l®yo-rotatoy ‘ ‘ and others, 

as a substance distinct from cane-sugar, Sw?d that the different 

hut no certain mode of discrimination was known till Biot snovvi d inm i 

kinds of sugar may lie distinguished from one another y ,v p,.nfjiut (Ann. Oh. 

L®voglufose wa^ first obtained as a distinct cer- 

Phys. raixxi. 169). Its isolated occurrence has not been d. monstnuea w 

tainty; nevertheless some kinds equal numbers of 

glucose, perhaps because the mixture of *! .iirendy suSred an alterutiou 

atoms, first produced by the inversion of cane-sugar, 264.) 

chiefiy affecting the dextroglucoso. (Buignet Ann. ' y ’ ^ {^ 1 ^ ^jiute acids, 

Formatio^l. A solution of cane-sug^ left to ^ when the 

loses its dextro-rotatory power, and acquires a l®vo r 100° of the original 

transformation/or inversion, is complete, , nssimilation by the cane-sugar 

rotation to the right This alteration depends on l«voglucose : 

of 6 per cent (lit) water, whereby it is resolved mto dextm and i«y g 

C«H«0« + H^O « C«H'W + ^ 

The same decomposition is brought about by contact wit yeas , 
ferment of fruits (pectaso). 
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' 2. lj!»rog!<jco$e product by boiling titvolusan (C®H*®0*) .frfth water or with 
dilate Oompt. rend, xlviii. 1^^ 

3« amylaeeona matter bbtained from the root^ of Inula Hdlenium^ and 

inaiij iibwplattte of the composite order, whicJi also has the composition C*H'®0» 
yields, when boiled with dilute acids, or for a long time with water, a l»vo-rotatory 
sugar, wFiich, according to Dubrunfaut^ is identical with the laevoglucose obtained by 
method 1. , 

Preparation of Lesvoglucose from inverted sugar. — ^AVlien 10 grms. of inverted sugar 
prepared from cane-sugar by the action of acids as above mentioned, are intimately 
"mixed with 6 gnns. hydrate of lime and 100 grms. water, file mass, which is liquid at 
first, solidifies after a certain amount of agitation, and yields, by strong pressure, a 
solution of the calcium-compound of dextro-glucosc ; while the solid residue, washed 
and decomposed with oxalic acid, yields laevogliicoso (Dubrunfaut). The inverted 
sugar occiirj’ing in fruits maybe decomposed in the same manner. 

Properiks. —Titevoglucose is a colourless uucrystuHi sable syrup (Dubrunfaut), an 
umorpliouH solid mass (llouchardet)* After being heated to 100^ C., it exhibits the 
compijsit ion C^H**0*. It is as sweet as cane-sugar, and acts as a purgative. It is 
more soluble in alcohol than dextroglucoso. Its rotatory power varies with the tem- 
p(*ratiire. For the transition -tint, [aj = — 10C-* at 14^0.; = —79*6° at 62® C. ; 

-63®at90®C. (Dubrunfaut.) 

Pivompositions. — Ijaevogliicose, when heated, yields a product analogous to the glu- 
oosan (p. 864) of dextroglucoso, but more easily decomposable (0 61 is, Coinpt rend, 
li. 331) ; pflfobjibly, therefore, laeyolusan. — Lsevoglucoso in eon tact with yeast undergoes 
vinous fermentation without previous conversion into another kind of sugar (Dn- 
brunfaut). — The other reactions of lfievoglueo.so have been studied only with Ihiit- 
sugar containing dextroglucoso ; they agree with those of dcxtroglucose. 

When sodiuin-amalgam is added to an aqiu'ous solution of cane-su^ar inverted by 
the action of dilute sulphuric acid, the excess of acid having been removed, evolutioii 
of hydi'ogen ceases altogether as soon us the liquid has become slightly alkaline; lieat 
is evolved ; and, when the action is complete, the solutionis found to contain man nito. 
(Linnomann, Ann, Ch. riiarni. cxxiii. 130.) 

+ H* =« mv^o* 

Oliicose. Mannite. 

Comhination. — With JAme. — Laevoglucose forms with lime a soluble basic compound 
analogous to that of dextroglucoso (p. 862), which absorbs oxygen from the air snd 
decomposes.— A second compound containing 3 at. lime to 1 at. lievoglucoso forms 
sparingly soluble microscopic needles, and is decomposed by water when exposed to 
light and air, the compound deliquescing mid the sugar undergoing decomposition. 
(Dubrunfaut.) 

Xsewoliuaii. (OtUis, Compt. rend, xllii. 1062; Ann. Clu Phys. [3] 

Ivii. 234; Jahresb. 1859, p. 547.) — Cane-sugar quickly heated to 160® C., and kept 
in the melted state at that temperaturo for a moderate time, is converted into a mix- 
ture of equal numbers of atoms of Ijevolusan and dextro-glueose, the latter of which 
may bo removed by fermentation : 

C'an«-ftiigar. Lcevolusan. (iluco.«e. 

The remaining liquid, which has a laevo-rotatory power =» 16® for the transition- 
tint^ leaves, when eViqx>rated> a syrup, which does not crystallise even when kept for 
years, but contains lniVolu.san, partly unaltered, partly metamorphosed. 

Lmvolusun is converted by boiling water and by dilute axAds into a fermentable 
Imvo-rotatoiy sugar, which reduces copper-solution, and is probably identical with 
hevoglucose. 

O&trCOSS, BBTBOTXOW ATO BSTZMA'tfZOir OF. The reactions best 
adapted for the detection of glucose (doxtro- or Isevo-) in solution, either alone or in 
presence of cane-sugar, an*: — 1. The dark brown coloration with potashdey (18, p. 860), 
cane-sugar not exhibiting any sensible coloration when thus treated. — 2. The black- 
brown coloration and greyish brown precipitate forming by basic nitrate of bismuth in 
^/lie solntion mixed with carbonate of sodium (21, p. 860). — 8. The redaction of cuprio 
salts. It is necessary to observe, however, that cane-sugar reduces cuprous oxide 
from an alkaline solution of cupric sulphate after prolonged boiling ^ 
jartly converted thereby into glucose; but with glucose the reduction la inimediute 
(26f p. 860). — 4, The decoloration of an alkaline solution- of ferricyanid^ of 
(30, p. 861), an effect not produced by cane-sugar.— 6. The non-prodiM^n cu a violet- 
blue precipitate with of cobalt and caustic alkali, indicates tjha^ppesence of 

gliiooM in a solution previously known to contain cane-sugar (24, pw In^ 

solid state or in that of strong syrup, glucose and cane-sug^ nwy be 
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by their diffewnt beha-riom wfth strong guli^kurk aeid (10, p. 869), glneose simply 
aii^sol^ng, Avithout coloration, wh«rea8 cane-sugar is blackened and complete] v docoin- 
posed- This reaction will not, however, serve to indicate the prt‘senco of glnttiso when 
Bjixed with cano-sugar. i - 

For the detection of sugar in urine, see Ukine. 

Qziantitative Eatimation.—l. Hy reduction of tnipHc salts. A known measure 
of potassio-tartrate of copper mixed with potash-ley is heated to boiling in a 
capsule, and the liquid containing sugar is dropped in until the eo]>p(T-solution has 
become colourless by the separation of red cuprous oxide. The quantity of ghicose 
required to reduce the quantity of copper-solution employed must lie ascertained by a 
preliminary experiment. B arr e s w i I (J. Pharna. vi. 361 ) prepares tlie coppcr-solut'ion 
by dissolving 400 gnns. carbonate of sodium, 500 grins, cream of tartar, 300 gnus, 
sulpbate of copper, and 400 gnus, liydrate of potassium, in half a litre of water. P c h 1 i n g 
(Ann. Ch. Pliarm. Ixxii. 106; cvi. 75) adds to a solution of 160 grms. neutral tartrate 
of potassium (or bettor, 192 grms. tartrate of potassium and sodium) in a small quan- 
(if)- of wat er, 600 or 700 c. c. soda-ley of sp. gr. 1-12, then a solution of 40 grms. 
erystallisiHl sulphate of copper in about 160 c. c. water, and dilub's the mixture until 
it 'm(‘asurcs 1154*4 c. c. at 15° 0- Five milligrammes of dry glucose can reduce 1 c. c. 
of this solution. The solution must he kept in well closed vessels, to pi'otect it from 
ciirbonie acid and air; it ought not to give any precipitate of cuprous oxide when 
Ih.iied by itself. The sugar-solution to be tested is host employed free from acid. 

2. When a solution contains no optically active substance besides glucose, or only 
c:i!ie-sugar in addition, the quantity of dextroglucose may be deduced from its rotatory 
power. (8ee Sacciiarimetry.) 

3. Glucose, as well as cane-sugar, may also bo estimated by the quantities of car- 
bonic anhydride and alcohol produced from it hy fermentation with yeast. Accord- 
ing to Pasteur, 100 pts. cane-sugar, or 105 pts. glucose, yield by ft'rmentation 49*12 
pis. carbonic anhydride and 51*01 jits. absolute alcoliol. (See Si.’OAii and Sacciiari- 

.U KTRY.) 


GILITOOSIS FfiRBSESTT* The conversion of cane-sugar into glucose (inversion 
of sugar) which tiikea place in vinous fermentation, is regarded by Pasteur ns a 
secondar}’' effect, depending on the action of the succinic acid, wliich is always produced 
in small quantity in tiiat process. According to Berthelot, on the other hand (Compt. rend, 
li. 980 ; Jahresb. 1860, p. 518), the change is due to the action of a peculiar ferment, 
contained in or produced from yeast. That it does not depend on t he action of a free 
acid, is shown by the fact that when yca.st is added to a solution of cane-sugar made 
alkaline by addition of acid carbonate of sodium, a considerable quantity of inverted 
siigitr is produced, although the fermentation is retarded by the presence of llio 
alkali. When the liquid obtained by diffusing yeast in a twofold quantity of wat(‘r, leaving 
it to stand for several hours in the cold, and filtering, is addc'd to a .solution (jf cane- 
sugar mixed with a small quantity of acid carbonate of sodium, the inversion of the 
sugar takes place, though the liquid does not become acid, and no vinous fermentation 
is set up. On mixing this same liquid with an equal volume of alcohol, wliito flocks 
are precipitated, which, when washed with alcohol and dried at ordinary tempi ra- 
tUH's, form a yellow homy mass, consisting, according to Berthelot, of a iiitrogenous 
substance analogous to diastase and pancreatin, which may be re(li.ssolved in water, 
and afterwards coagulated by boat or by nitric acid. One part of this substance is 
sufficient to convert from 50 to 100 pts. of cane-sugar into glucose. It appears 
to bo formed from the yeast itself; for if yeast which has been waj^hod for any 
length of time with water— provided it has not become putrid— bo left for some time 
in contact with water, it still gives up to the water this so-called glucose-ferment. 
(Berthelot.) 

GXiirCdSlBSS. Glucosamides, Saccharogms.—Tha^o terms were applied by 
Laurent (Ann. Ch, Phys. [3] xxxvi. 330) to substances winch, ‘i?^®3!stance 
dilute acids, yield, on the one hand, dextroglucose or another sacc «,»n„rilin 0 

isomeric theiewith, and, on the other, a r«duct differing in character 
to circumstances, but not belonging to the class of carhohjdra es ^ • 

bodies are natural products occurring frequently in the bodies o p . , 

queritly in those of animals: none of them have been prepared ar ^ nrenarod 

Berthelot’s class of include.^, besides these, cer am yp P 

compounds of the carbohydrates with acids. (See upoond 

tL resolution of glucosides into glucose,^ or .“or it TZ- 

body, talces place for the most part on Imiling In this latter 

duced by heating the glucdside with aqueous or g prvstaillsable sugar is 

ease, ac^rding to Kochleder (Wien. Akad. Ber xxiv 32), ciysUllmWe 
Bometimes oVtamed, whereas the decomposition with acids yields o y rj. 

Vox. II, > - 8K 
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sugar. Or ib« sepiratioii is effected at. racan temperature, and in presence of waf 
by nitrogenous substances occurring either in the same plants as the^lucosides op 
others. Emulsin decomposes amygdalin and many other glucosides ; myrosin decom^ 
poses acid ; erythrozym decomposes rubian. Some glucosides are likewis' 

decomposed by yeast and by saliva. The products of the decomposition are often fn/ 
ther altered by the action of the air or of the acid employed. ' - - 

For the separation of the decomposition-products of the glucosides, Eochled,,. 
gives the following method. The ffj^bstance, contained in a flask, is treated with dilute 
hydrochloric acid, the flask being connected, on the one side with a carbonic acid appa- 
ratus, on the other with a Liebig’s condensing tube. The air contained in the flask is 
placed by carbonic anhydride, and the flaskds heated in the water-bath, or, if necessarv" 
in a chloride-of-calciuin bath. As soon as the decomposition is complete, the contents 
of the flask are left to cool in a stream of .carbonic anhydride ; any product that may have 
separated out is collected; and the filtrate containing the sugar, hydrochl^c acid, and 
sometimes other soluble products of the decomposition, is mixed with pure carbonate 
of lead, the addition of which is continued as long as effervescency ensues, after which 
it is washed, and white lead (prepared by precipitating basic acetate of lead with car- 
bonic acid, and washing) is added, whereby basic chloride of lead is precipitatixl. 
The procipitate is collected on a filter and carefully washed ; and moist phosphate of 
silver is added to the filtrate as long as any reaction ehsues between this salt and the 
tlissolved chloride of lead, and till the yellow colour of the phosphate of silver remains 
visible. The liquid is then filtered ; any silver that may be dissolved in. the filtrate is 
precipitated with a very small quantity of white lead; the liquid is heated till the wliite 
colour of the precipitate passes into cream-colour, then cooled, filtered, treated with 
sulphydric acid, and filtered again; and the filtrate is evaporated. Colourless sugar 
then remains, in case such sugar wiia formed by tbe decomposition of the glucosides, 
whilst the second decomposition-product, even if originally soluble in water, is gem- 
rally rendered insoluble by the wliite lead. 

The distilled liquid obtained by heating a glucoside with hydrochloric acid, contains, 
together with hydrochloric acid, any volatile product that may have been formed in 
the decomposition. It is neutralised with baryta or carbonate of barium, heated to 
decompose acid carbonate of barium, and concentrated by evaporation ; tho^greater part 
of the chloride of barium is removed by crystallisation, the nest by ^phaifce of silver; 
and the filtrate is further examined. ^ ■ 

The following enumeration of glucosides and their modes of docomposit^n i9 taken 
ftom GmelirCs Handbook^ xv. p. 341. 

AeacuUn is resolved by heating with dilute acids, into msculetin and sugar: 

+ 3H*0 - C»H«0* + 2C«H'W. (Roehledor and Schwartz.) 
Tlwenger and Delffs give other formulae. 

The sugiir forms crystals, which melt at 100® C., are sweeter than grape sugar, and, 
like that substance, reduce potassio-cupric tartrate. It is fermentable. 

Amygdalin, in contact with emulsin and water, is resolved into sugar, bitter almond- 
oil, and hydrocyanic acid : 

+ 2H'-'0 = 2C'»H>20« + C’lPO + CNH 

(Liebig and Wohler, 1837). The sugar thus produfeed is identical in every respect 
■with dextroglucose, (0. Schmidt.) 

Aj^iin, boiled with dilute acids, is decomposed, with separation of flocks. The fil- 
trate freed from acid leaves, on evaporation, a sweetish syrup, which, when boiled 
with potassio-cupric tartrate, separates cuprous oxide, but does not give off the odour 
of caramel when burnt^ does not ferment in contact with yeast, cannot be made to 
crystallise, and dissolves but partially in alcohol, with separation of yellow flocks. 
Von Planta and Wallace cannot see in these results any evidence of decomposition, 
and therefore do not regard apiin as a glucoside. 

Arbutin boiled "with dilute acids, or in contact with emulsin, is resolved- into hydro- 
quinone (Kawalier’s arctuvin) and grape-sugar (Kawalier) : 

+ H*0 « (Strecker.) 

Olie sugar forms crystals wliich exhibit the properties of grapersugar, and when 
dried at 100® C,. or in vacuo, contain 36-64 per cent carbon, 7*05 nydi^^n, and 56*31 
oxygen, corresponding to the formula (Kawalier, Wien. Akad. 

Ber. ix. 298.) 

A'tmicin or C^H**0‘) is decomposed by heating with dilute acids, wifi 

aeparatioii of dark flocks and formation of a cubstance which redueea cupric ozida 
(Walz) 
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Bensoheliciwi^ rooked, by boiling with dilute acids or aqueous alkalis f not hv 
pmulsin), into betieoic acid, salicyloua acid, and grape-sugar : ^ 

C^H'^O* + 2H20 * C’HW + Cai»0» + C«H»0«. (Pirio.),. 

Br^onin is resolved by boiling with dilute acids, into bryorotin, hydrobryotin, and 

+ 2H^O = (Walz.) 

Cahwin (C*®H®'On is resolved in like manner, into ‘chiococcaic acid and sucur 
(Kochleder and ITlasiwetz.) 

CJuthi, boiled for twelve hours or longer with a mixture of 1 vol. oil of \itriol and 
4 vol. water, is resolved, with evolution of ammonia, into amorphous sugar and a second 
Ijody not yet isolated. Perhaps in this majiner : 

C°Nn'"0« + 2H20 = C“H‘W + C»NH'0^ (Stadeler.) 

The sugar is fermentable, and reduces cupric tartrate. (13 ert helot, Compt. rend, xlvii. 
2'M).) 

CoheyntUn is resolved by boiling with dilute acids into colocynthein and sugar : 

+ 2IPO 2C«II'»0«. (Walz.) 

ConmUarin is decomposed in like manner info convallarctin and sugar: 

+ 2IPO == 2CTPW + 2C«H'20«.(AValz.) 
Convallamarin yields under the same circumstances convallamaretin and sugar : 

C23H«0»* = C‘‘«IP«0'* + + IPO. (Walz.) 

Omvolunlin is resolved by sulphuric or alcoholic hydrochloric acid, with assumption 
of 11 at. water, into convolvulinolic acid and sugar: 


2C3*H^oO'« + IIIPO = + 6CTI>’-0«. 

Convulvuliu. Coiivolvolioolic Glucose. 

acid. 

Cimt)6lvulm-8ugar . — Wlieii Kayser (Ann. Ch. Pharm. li. 98) dccomposod 
convolvulin by passing hydrochloric acid gjis into the alcoholic solution, and after 
leaving the m&turo'to itself for ten day.s, extracted the resulting convohnilinol with 
t'thcr. there remainedran acid liquid, which was neutralised with carbonate of lead, 
filtered and^ evaporated. From the residue, absolute alcohol extracted a sticky, 
translucent, sweetish mass, which reduced cupric oxitle, yielded cry.staJs when l)rought 
into contact with common salt, femiciite<l with yeast, and exhaled the odour of sugar 
when burnt on platinum-foil. Mayer, after decomposing convolvulie acid willi dilute 
snlphiP’!.; Lieid, and removing tlio couvolvulinol, satui’alod the li(|iiid with carbonate of 
lead ; t •< ; 5 *..'d the filtrate wiA sulphuretted hydrogmi ; evaporated it to ; removed the 
separated convolvulin by tigitatiou with ether; evaporatedfurther ; andthns obtained a 
iTown sweetish syrup, which behaved like grape-sugar when burnt, also with an 
alkaline cupric solution, with bile, wdtli sulphuric acid, with water, and with alcohol 
whether aqueous or absolute, but did not form a crystalline compound with eoinmon 
salt, and could not itself be made te crystallise. This syrup mixed in akoliohc 
solution with an alcoholic solution of baryta not in exee.ss, formed a prec, pita te com- 
posed like monoglucosate of barium (p. 862). (Mayer, Ann. Ch. I liarm. xxui. .) 

Crocln is resolved by dilute acids into crocetin and crocin-eugar : 

+ 6H*0 =:= + 4C«jr-0«. 

Cromn-attgar, obtained by decomposing crocin in the manner 
easily piystallisable, sweet, and reduces from w- Akad. Her. 

cuprous oxide as dextro-glucose. (Rochlodor and L. May , » 

xxix. 6.) , • t 

CycUmin solidiftes when heated with aqueous hydrochloric acid, with formation o 

sugar and separation of a second product. (DoLiUca.I 

Daphnin is resolved by boiling with dilute acids, into daphnotin and sugar - 
+ 2H*0 « + 2C'‘H‘®0‘'. (Zwenger.) 

DaUacin, treated in the same manner, yields datiscetin and sugar : 

'C«H“0'‘ = + C‘H‘»0*. (Stenhottsc.) 

The sugar is obtained by ®'’*K*™*'°,'!;a.^;!®{5i7^TOi>ryetall^^^^ **“"'*■ 

phuno add, as a sweet syrup, which sobdifles q. (Stenhouse, Ann. 

uig for some time, end reduces potassio-cupnc tartrate a • \ 

Ch. Pharm. xcvm. 171«) a ^ 2 
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Walz’s DigitaUn I's resolv-ed hv boiling with dilute sulphuric acid, into digitaliretiiL 
parudigitalotin- and sugar. WaLs supposes the reaction to ^consist of two stac^ 

a. Besolutioi;! of digitalin into digitaletin and sugar; ^ ' 

■ Ca!H«0'* -f H*0 = C«H«0» + 

b. Further decomposition of the digitaletin, partly, with abstraction of 2 at H*0 into 

paradigitaletin, partly into digitaliietin and sugar; * 

Walz’s digitaletin decomposed by dilute acids yields the products above mentioned 
(Walz, Delffs). Kosmann’s digitalin and digitdlie acid, which differ from Walz’s 
compound in composition and properties, are resolved by dilute acids into digi- 
taliretin (which however is not the same as Walz*s) and sugar. Decomposition of 
digitalin: 

+ 4S}0 - + 4C*H‘W (Kosmann.) 

Euxanthic acid is, according to W. Schmidt (Ann. Ch. Pharm. xciii. 

88), a glucoside, wnich is decomposed by sulphuric acid into euianthone and sugar! 
According to Erdmann, the products formed in this reaction are euxanthone and 
hamathionic acid (lead salt = O'\SO^,ZPb0) \ on the other liand, euxanthic acid 
decomposed by heat yields euxanthone, carbonic anhydride, and water. The 

latter decomposition, as well as the formulae of euxanthic acid and euxanthone, is 
inconsistent with iSchmidt’s supposition ; nevertheless, Erdmann’s hamathionic acid 
bears some resemblance to sulphamidonic acid and other compounds of like nature, 
(Kraut.) 

Fraxin, heated with acids, yields fraxctin and crystallisable sugar: 

=* C“JI'20« + 2CTI'*0® (Rochleder.) 

Gallotannio acid is resolved by boiling with acids into gallic acid and glucose : 

C27jp22o»^ + 4IPO = SC’HW + (Strocker.) 

The sugar exhibits the reactions and composition of dextroglucose. (Strecksr, 
Ann. Ch. Pharm. xc. 331.) 

By heating 60 grms. gallotannio acid with 60 grms. oil of vitriol and 460 gnus, water 
to 90® C. for three days, and filtering off the gallic acid, a black sacchafine solution is 
obtained which when neutralised with carbonate of lead, mixed with a slight excess of 
neutral acetate of lead, concentrated, freed from lead by sulphuretted hydrogen, and 
decolorised by animal charcoal, agrees perfectly with grape-sugar in rotatory power, fer- 
mentation, and reaction with potassio-cupric tartruto. (Buignet, Ann. Ch. Phys. [3] 
Ixi. 287.) 

The iodine-compound of a, tannin occurring in sweet fhiits is likewise decomposed, 
w?th formation of dextroglucose, by boiling with dilute sulphuric acid. (Buignet.) 

Odatin . — ^When isinglass is boiled for some days with dilute sulphuric acid, sulphate 
of ammonia is formed together with a fermentable sugar (Gerhirdt^ Traiti iv. 609). 
Hyalin-cartilage and rib-cartilage, boiled with hydrochloric acid, yield large.quauti.tiea 
of glucose. (Fischer and Bodeker, Ajin. Ch. Pharm. cxvii. 111.) 

Glohdarin, boiled with dilute sulphuric acid, yields globularetin (part of which 
changes into paraglobuLaretin) and s\igar: 

^ (WaU) 

Glgcyrritmn is resolved, when its aqueous solution is boiled with hydrochloric acid, 
into glycyrretiu and glucose. Perhaps in this manner *. 

H*0 « (Gorup-Besanez.) 

GraHolin is resolved by boiling with dilute sulphuric acid into gratioletin, gmtio* 
laretin, and sugar : 

2C"H«0» - -h (Walz.) 

. GratloletKu Oratlolaretin. 

ChratiosoUn in contact with aqueous acids or alkalis is resolved into gratiosoletin and 
augar: 

2C®«H««0« - + 2C«H»0® -h 4H*0. 

The gratuaoletinihxLB formed is further resolved by boiling into h 3 rdrogratioBoleretiii 
and sugar: 

2C*®H®®0» - 2C*®H*«0» + 2C®H**0®. 

Part of the hydrogratiosoleretin is. farther converted, with elimination ot 2 at water, 
into gratiosoleretin, (Walz.) 

Helianthic acid ^ — This name is applied by Ludwig and KromAy^r (K, Ba. Areh* 
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,cix. 1. 286) to a wbHt^-e obmiuoJfrom tl.esewl of th«8unflwfir(//c/v«„M«« «n««A 

SS; p=.S: 


+ 2H*0’ = C'H®02 + G-n'W. (piria.) 

Chhrhdifin (C«H*»C10^) exhibits a similar reaction, yieldlug, however chloro- 
galicyloiifl instead of salicylous acid. (Pina.) ^ , ciiioro 

Helicotdin is resolved by emulsin into saligenin, salit'ylous acid, and glucose* 
-t2IPO - C^H«0* + enW + 2C«H'W. (Piria.) 

Indican is resolved by acids or alkalis, indicanin by acids, into indiglucin and other 
products (Schu nek). See Indican. 

Jalappin in contact with dilute mineral acids is resolved into jalappinol and sugar: 
vC"H***0” + llH^O == + 6C®H**0“. 


Jalappk acid^ which contains 3 at. water more, is decomposed in like manner with 
assumption of 8 at. water. (W. Mayer.) ' 

The Lycopodium-bitUr of Kamp and Bddekcr reducas potassio-cnpric tartrate after 
boiling with dilute acids, but not in its unaltered slate, and sljould therefore perhaps 
be regarded as a glucoside. ^ 

MenyanthWy boiled with dilute sulplmric acid, is resolved into sugar and an oil which 
smells like bitter almonds. (Ludwig, N. Br. Arch, cviii. 81.) 

Myronate of potassium is decomposed in contact with inyrosyn and water, yielding 
oil of mustard, sugar, and other products (Ludwig and Lange, Zeitschr. Ch 
Pharm. iil 677). The formula (= + KO.SH)* + 

given by Ludwig and Lange, is, according to Will and Korn er (Ann. 

Pharm. cxix. 376), more correctly and contains thn elements 

of oil of mustard, glucose, and acid sulpliate of potassium, 

8'^KHO^. Ludwig and Lange also found sulpliate of potassium among the protlucts of 
the reaction, but no sulphite. 

Ononin is resolved by boiling \iith dilute acids, into fornionctin and glucose (Hla* 
siwetz) : 

^.1^84013 ^ + H-0. 


Onospin is resolved under similar circurastunces into ononetin and sugar(Hlas i we t z): 


Such is the vie:w of the reaction given hy Limpriclit (Orundr. d. org. Chem. 
Braunschw. 186^. j580.) For Illasiwetz's formiil;c, see Foiimonetin (p. 695) and 
Ononin. 

The sugar formed from ononin and onospin by the action of dilute sulphuric acid, 
remains in solution after the second product of the decomposition has biM ii removed by 
filtration, the sulphuric acid by carbonate of lead, and the excess of lead liy sulphu- 
retted hydrogen, and is obtained by evaporation us a very sweet fernientabie syrup, 
in which granular crystals form after a few days. These crystals melt at th(^ heat of 
the water-bath to a viscid syrup which remains soft after a <iay’s drying, and exhibits 
all the reactions of grape-sugar. (Hlasiwetz, Wien. Akad. Ber. xy. 153 ) 

Paristyphnm boiled with dilute sulpdiuric acid is rosolved into paridin and sugar: 

C«8ii640i» + 2IPO = + C®IP*0«. 

The jmridin thus produced is resolved by boiling with a larger quantity of dih.te 
sulphuric acid into jiaridol and sugar ; 

+ IPO = C“I1**0» + C"1I'=0®. (Walz.) 


Vkillyrin is resolved, by boiling with dilute hp-drochloric acid, into pliillygenin and 
sugar; by lactous fermentation into phillygeiiin and tlie products of the decomposition 
of sugar: 

+ H*0 -J C“H‘20* (Bertagnin i.) 


From the solntion freed from philygenin and hydrochloric acid 
lead, the sugar crystallises, after evaptiratiou and re-sol ution in 
masses, exhibiting- the properties of grape-sngar. (Bertagnini, nn. . 
xcii. 110.) ... . * 

PhlorhvBin is decomposed by dilute acids, not by emulsin, yielding phlorctin a 

sugar (Stas)t 

C*'iPK)^* + H*0 -r + C"H*W (Strecker.) 
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PMoreiin boiled with alkalis is resolved into phloretic acid and phloroglacin : 

+ C*H«0». (Hlasiwetz.) 

Pliloretin. Phloretic Phloroglucia. 

s acid. 

Phlorhizin^sugM is di^cult to crystallise, and exhibits the properties and comm 
sition of crystallisable grape-sugar (Stas, Ann. Pharm. xxx. 200). It reduces ih 
same quantity of cupric oxide as doxtroglucose. (Roser, Ann. Ch. Pharm. kxiT 
178 .) 

Pinipicrin splits up into ericinol and sugar when its aqueous solution is heated wit 
acids : 

+ 2H^O - Cm'^0 + 2C*H'W. (Kawalier.) 

EricoHn treated with dilute acids yields the same products in other proportions : 

+ 9IPO = OTi32Qa ^ 8C«H'W. (Rochloder and Schwarz.) 

The sugar produced from pinipicrin is rendered uncrystallisable by the foreign sul 
stances contained in it; at 100° U. it becomes soft; at commpn temperature it is soli 
and brittle, and is easily reduced to a yellowish powder containing 2 per cent, ash, an 
after deduction of this, 39*06 per cent. C, 6*62 IT, and 64*32 0, correspondin 
approximately to the formula (Kawali er, Wien. Akad. Ber. xi. 352.) 

Poptdins when boiled with dilute acids, splits up into benzoic acid, saliretiu an< 
glucose (Piria) : 

+ H*0 == + C’H®0 + 

Prophetin is decomposed, by boiling with hydroclilonc acid, into propheretin am 
sugar ; 

(Walz.) 

Quercitrin is decomposed by dilute sulphimc acid into quercetin and qiiercitrin-suga 
(Rigaud) ; 

CwjXaao^o + 21PO = + 2CTI’W. (Illasiwctz,) 

Q^tercetin is further decomposed by boiling with potash-ley into qucrcetic acid ani 
phloroglucin (Hlasiwetz). The same products are obtained, but in different pre 
portions by the decomposition of Alpha-qiurcdin : 

+ 2H’*0 « + 20^'n«0^ (Hlasiwetz.) 

Qiiercitrin~8ugar is obtained as a light-yellow syrup, which solidifies in a crystallin 
mass on standing for a few days over sulphuric acid, l)y filtering off the quercetin 
separating the sulphuric acid by carbonate of barium, evaporating on the water-batli 
decolorising with animal charcoal, and again eraporating. It has a sweeter taste thai 
dextroglucose, and does not rotate the plane of polarisation. Dried in vacuo, it contain 
34*78 per cent. C, 7’24 H, and 67*98 0, corresponding to the formula ‘01*. 3H*C 

(calc. : 34‘66 per cent. C, 7 '47 H). When warmed with potassio-ciipric tajrt'rate, i 
immediately reduces tlie same quantity of cuprous oxide as would be reduced^y dex 
troglucose. (Rigaud, Ann. Ch. Pharm. xc. 195.) * . .. 

Quinovin is resolved by alcoholic hydrochloric acid into quinovic acid and^uinovin 
sugar; 

C*«H«0* + IDO = C*^H*W + C*H'*0‘ (Hlasiwetz.) 

Qtiino\>in’ sugar is obtained from the alcohol containing liydrochloric acid after sgpa 
ration of the quinovic acid, cither by Rochleder’s method (p. 866), or aa follows ;-^Th( 
liquid is neutralised with anhydrous carbonate of sodium (or carbomto of lead), ^d fil 
tered; the precipitate washed with a small quantity of strong alwhof; the.al^jbhol distillw 
off; and the remaining liquid evaporated to dryness over the water-bath. The thid 
residue ia dissolved in water, the solution filtered from the uudissolvcd pori^ion is eva 
porated, and the residue is digested in absolute alcohol The alcoholic solnti^ whei 
evaporated leaves the quinovin-sugar, to be purified, if necessaijfv by rc-Bolution an( 
decoloration with animal charcoal It is an amorphous, solid, del^uescent mass 
having a faint, somewhat bitter taste ; it gives off water wWfeh 4K>hdhuoasly heatef 
iDver the water-bath. Dried at 100° C., it contains 43*34 per cent, cosboh, 7*72 hydrogen 
and 48*94 oxygen, answering to the formula 0*H‘*0*. It is isomeric or identical#it} 
mannitan; smells like caramel when heated; reduces potaseio-cupric tartrate only « 
concentrated solution; dissolves completely in alcohol (Hlasiwetz, Ann. Cb 
Pharm. cxi. 118.) 

Qmnovatannic acid is resolved,- by boiling with dilute sulphuric acid, into quinova 
red, and a substance which behaves with cupric sulphate and potash-ley like gwp® 
ingar. (Hlasiwetz.) 
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Schnnk's.HtaWwiw ^rfgpUtB np into alizarin aiul augar when boiled with dilute 
Bulphuno aquMus alkalis, or by contact with water and ervthrozvm 

2C';f O-'.-Kocbledor-s RuhrythriotiT^l-m^^ 
ot C^IP'O", perhaM identical with the last substance, yields Uie same products when 
heated with hydrochloric acid, = 3t'“//‘0"+ + IiWO 

^ •lC«lPa‘+\iC'm»0» + ZHO. (RocUledor.) + i< or o // (y 

In the complicated decomposition of Schunck’s Itulnan by the same reaBenta and by 
chlorine, sugar is obt^ed togotlier with various other liodies. linbihudran and 
Btibiedehydran behave in the same way. (Scliunck.) 

Salicin is decomposed into saligenin and glucose by contact with emulsin * 

+ H'^0 = C’HW- + (Piria.) 

The su^r is in every respect identical with dcxtroglucose (Schmidt). By boiling 
with dBute acids, saliretin is obtained in place of saligenin. (Piria.) 

Saponin is decomposed into sapogenin and saponiii-sugar, or glucose when boiled 
with dilute acids (Overbeck, Rochlcdcr and Schwarz). Stutyin (isomoric with 
saponin, according to Bolley) yields, besides sapogenin, a substance wliich reduces 
potassio-cupric tartrate. (Policy.) 

Saponin-snyar remains in solution after the sapogenin has hecn fihored off, tlio acid 
.removed by carbonate or oxide of lead, and the excess of lead by sulphydric acid 
‘ and by treatment with animal charcoal and evuporurion is obtained as a tasteless, 
yellowish brown residue, easily soluble in water (Koclilederand'Wchwarz, Wien. 
Akad. Ber. xi. 339). When saponin is decomposed with ililute sulphuric acid, 
glucose nemains in solution, after removal of the excess of acid, and may be obtaineil 
ciy’stalliwa by evaporation. It has a sweet lasttC and reduces an alkaline solution of 
cupric oxide in the cold (O verb oek, Jl. Br. Arch. Ixxvii. 13d). Crawford obtHiiied 
gum, but no sugar from saponin, by means of dilute .sulphuric acid (Pliarm. Viertclj. 
vi 361). Saponin-sugar dried at 100*^0. contains, according to Koch led ('rand Schwarz, 
41’99 per cent. C, 6*6d H, and 61‘40 O, corresponding to tlic formuhi 

Scammony nain (C“'‘11“0'*‘) and Scammonh add (C^MP"0"‘.^IL*0) split up into 
scammonolic acid and sugar when boiled witli dilute acids (or with baryta-water) : 

+ 5IPO = C‘"1P'’03 ^ 3C"11.''’0«. 

Likejalappin (p. 869), thoreforo, but with this diilmmeo, llml. instead of the product 
corresponding to jalappinol (which is converted by .strong hase.s into jaJappic acid) a 
product containing 1 at. water less is formeil. (S [» i rga t i s.) 

The sugar remains in solution after separation of the scammonolic and sulphuric 
acids, and can be obtained in sweet -tasting lamina* grouped in cauliflower-like sliape.s, 
wliich behavo like glucose W'itli sulphate of copper ami potasli-ley, wdicn In'iited and 
wlien fermented. (Spirgatis, Ann. Ch, Kliarm. cxvi. 30d.) 

S/wlacin is slowly decomposed when boiled with hydrochloric a(*id, witli separation 
of a jelly and forUxation of sugar, (O. Grnelin, Delffs, \V^•llz.) 

Solanin boiled. with dilute acids splits up into solanidin and glucose: 

+ 3H*0 ^ + 3C®H*"0® (Zwenger and Kind ; 0. Gmelin.) 

The siogar crystallises well, and pos.sesses the reactions and cornposilioiis of dextro- 
glucose (Zwe.nger and Kind, Ann. Ch. Pluirm. cxviii. 119). Kotalury power not 

determined. , , . , -i • . 

'Xhv^in is decomposed by heating its alcoholic solution with dilute acid.?, into 

thajotiu and sugar : 

C2OIIM0I2 ^ 2H*0 « 

When it is Heated for a shorter time, thujinenin, C«•JT’'^0^ may also be formed in j.hice 
of the thiyetin. heated with baryta-water yields tlmjctic acnl and sugar: 

•+ H’O * C®*H*'"0** + 2C''H''‘0®. (Koch leder and Kawalier.) 

When thujitt HSs been decomposed by acids, the sugar ivnimns m 
removal of the tbujetin and sulphuric a<*id (by carbonate of bamirn), and, ly ] - 

tion and drying 0., is obtained as a colourless mass, 

a white when coWand eonteins 39*83 per cent. C, and 6-8 K X‘Xndin« 

to the formula ; its aqueous somtion does not ci>sUlljso_ ^ dext.roirlucose. 

for several months ; it reduces the same quantity of cujiric Imrvta- water 

The sweet sugar of the same conipo.sit ion produced 9 ‘ ^ the Excess of 

solidifies (after the removal of the baryta I'? ‘j , ^ .tilo’hvdrif icid) to a 
salphnric acid by basic acetate of lead, and of ‘h' >e«d by ^ 

etystalUne mass when its solution i» allowed to stand a short t 1 

on the water-bath. (Rochlcdcr and Kawalier, Wicn. Akad. Her. xxlz. 
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Xanihorhamnin is decomposed by boiling with dilute acids into rliamuetin and 
ftigar; 

+ 3H20 « + 2C«H»0«. (aollatly.) 

o&vcosocxnuo Acn>. c^n^O" = “ 

C*H^*0* + 6C®H"0’ — 2n’‘*0. (?)-— The calcium-salt of this acid, prepared in a similar 
manner to that of glucosotartaric acid (see below) appears to contain C"H^®Ca’®0’''.2H*0. 
(Berthe lot, Ann. Ch. Phys. [3] liv. 81.) 

OZitTOOSOSircCXlBSrzc iLCZB. A mixture of cane-sugar and succinic acid in 
equivalent proportions heated to between 120° and 130° C- melts to a brown syrup, 
with elimination of water. Tlie product is an acid compound of glucose with succinic 
acid, which decomposes at 100° C. with fonnation of humiLS, and forms witli lime a 
salt soluble in water, insoluble in al(50hol. (Van Bemmelen, Jahresb. f. Cheln. 1S58 
p. 436.) 

OXiITGOSOSlIXPBimZC ACID. Sid^hosaccharic add, C^^JI^O^.SOl (?) 
(Peligot, Ann. Ch. Phys. [2) Ixvii. 1G8.) — To prepare this acid 1^ pt. strong sulphuric 
acid is added, by small portions, to 1 pt. of glucose melted at the heat of the water- 
bath, the mixture being continually stirrtd, and the vessel, if neccissary, plunged into 
cold water. If the glucose is impure, or the heat rises too high, the product becomes 
somewhat brown, wliicb, however, does not affect the purity of tlje lead-salt. The 
mixture, diffiised in a large quantity of water, is saturated with carbonate of calcium; 
acetate of barium is added to the filtrate as long as a precipitat o of sulphate of barium 
is thereby produced ; and the liquid, again filtered, is precipitated with basic acetate of 
load. If the liquid, after precipit ation with acetate of barium, still remains brown, thy 
colouring matter is removed by a small quantity of basic acetate of lead, and the piiro 
salt is precipiUited from the filtrate by a larger quantity. The precipitate, waslicd, 
and decomposed under w'ater with sulphydi’ic acid, yields aqu^vut^ gliwosorndphui'ic add, 
which tastes at the same time sour and swetd, reddens litmus, decomposes when ev.npo- 
ratod in vacuo, and more quickly ovum the wnter-bath, into giueose and sulphuric acid, 
and forms sails, almost all of which iiro soluble. The had-salt gives by analysip 
18T6 per cent, carbon, 2*4 hydrogen, 4*60 SO®, and 53-2 to 55’3 PbO, agreeing approxi- 
mately with tlio formula SO®. 4PbO. (Peligot.) 

'(CnP)‘^ ) 

O&irCOSOTAHTARlC ACZB. C®=IP‘0'" « 3(C^H-O0*^ > O’^CTPO’MPO. 

H« ) 

Gluaotetratartaric add (Berth clot, Ann. Ch. Phys. [3] liv. 78). — This acid is pro- 
duced by heating doxtroglucose with tartaric acid : 

C«H‘0® + 4C*H«0« = + 5mO. 

It appears to exist in grapes at the time of ripening. When' expressed grape-juice is 
saturated with chalk, filtered, strongly concentrated, filtere<f agdin, precipitated with 
2 vol. alcohol, and the precipitate purified by washing with weak alcohol, re-solution 
in water, and re-precipitation with alcohol, a calcium-salt is obtained which reduces 
potassio-cupric tartrate like glucosotartrate of calcium, and is resolvu'd by acids 
into dextroglucose and an acid wliich exhibits the characters of tartaric acid. 

Prejparatwn of the caldum-salt . — An intimate mixture of equal parts of dextro- 
glucose and tartiiric acid is heated for a day or two to 120° C. in an open vessel; the 
cooled mass is triturated with carbonate of calcium and a small quantity of water, and 
the liquid is filtered. Tartrate of calcium, with the excess of carbonate, then remains 
on the filter, while the solution contains the salt of the new acid, together with excess 
of glucose. On precipitiiting this solution with twice its Volume of alcohol, collecfing 
the precipitate, washing it with dilute alcohol, dissolving in water, again precipitating 
wdth alcohol, and repeating the same series of operations a third time, tlie calcium-salt 
is obtained free from sugar. It is dried for a week or fortnight in vacuo, then com- 
pletely by heating it to 110° C. 

Aqueous glucosotartaric acid is obtained by decomposing the calcium-salt with excess 
of oxalic acid. 

The aqueous solution of the acid and of its salts is gradually resolved by boiling into 
dextroglucose and tartaric acid, the decomposition being accelerated by a small quan- 
tity of sulphuric acid. The calcium and magnesium-s^ts reduce potaasio-cupric tar- 
trate. The acid is not fermentable. 

Glucosotartaric acid is tetrabasie. The salts still retain water at 110° C. The 
ealcium^salt, 0“H*^(Ca'^*0**+ 2aq., is a white amorphous powder, which gives off 14*1 
per cent, water at 110^. The C**H^(Mg')"^0**.2Mg''0-i-6 aq., gives 

off* after drying in vacuo, 26*4 per cent, water at 110°. There are two lead-salts, 
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C«n«(Pb70”. which is insoluhle. orl,ocomes so during prepamtlon. and C«H».Pb'-o« 
which IS soluble, and nfter d^ing m vacuo, gives off 10-9 per cent ^ ' 

mWWI a - n inavwiaaiif vnllv* .1 . ^ * 



lime-water, to cleanse them from grease and dirt: then atpem*.! in s- • 

si tiTTiA t/. timA. i.vM „ l . STeeptd in water, stirring 


meat-flour made inU) a paste, and washed with a large quantity of 
8 into three distinct substances : —vegetahle albumin, which is 


uigested in 

them weU from time to Ume ; md lastly, kid in a hra^To'p^m outTl.rwatVS 
they are put into the boikr. Some manufacturers recommend that the water’sS 
be kept as near as possible to a bo.luig heat, without suffering it to enter into obuU 
tion. The glue is pour^ into flat frames or moulds, cut into square pieces when con- 
gealed, and afterwar^-^n^ in a coarse net. It is said to improve by age • and that 
glue IS reckoned the best which swells considerably without dissolving, by three or four 
days' infusion in cold water, and recovers itsformer dimensions and propert ies by drvimr 
Shreds or parmgs of vellum, parchment, or wliite leather, make a clear and almost 
colourless glue. (For the details of the manufacture, seo Ure't Dictionarv of Art-, 
&c., ii. 376.) ^ J 

GX.TrTS»r. 

water, separates into three distinct substances: 

dissolved by the water, together with a little sugar and de!\trin, and may be s^mted 
from it by evaporation ; starch, whioli is suspended in the fluid, and subsides to tlie 
bottom by repose ; and gluten, which remains in the hand, and is tenacious, very 
ductile, somewhat elastic, and of a light brown-grey colour. ’ 

The gluten, though it existed before the washing in the pulverulent form, and has 
aapiired its tenacity and adhesive qualities from the water it has imldbcd, ’is never- 
theless totally insoluble in this liquid. It has scarcely any taste. When dry, it is 
semitransparent, and resembles glue in its colour and ap|»oarance. If it be drawn out 
thin, when first obtained, it may bo dried by exposure to llm air; but if exposed to 
warmth and moisture while wot, it putrefies like an animal substance. Dried gluten 
applied to the flame of a candle, crackles, swells, and burns, exactly like a feather or 
piece of horn. Gluten affords the same products by clestnictive distillution as aiii?nal 
matters. It is easily dissolved by caustic potash, ami prc. ipitated from the solution 
by acids in tumid flocks. Strong acetic acid likewise dissolve s it, and leaves it on 
evaporation in. the form of a tonacioua mass. W'hen dige.«ted in water containing 
miT hydi’ochloric acid, it diffuses itself througli the liquid, gradually dis- 

solves, and on filtering, yiolda a clear liquid which turns the plane of polarisation 
of a luminous ray to the left, and behaves with heat and with reagents exactly like a 
solution of albumin. (Boucli ardat, Compt. rend. xiv. 002.) 

In contact with water, gluten undergoes gradual decomposition, swelling up, and 
giving off considerable quantities of carbonic anhydride, hydrogen, and sulphydric 
acid. At the same time, it softens and liquefies, while llie watiT which covers it 
acquires an acid reactipn, and- takes up leucine, together with phospliate and acetate 
of ammonia, the gluten all* the while acquiring a darker and darker colour, and 
ultimately dissolving almost entirely. During thc'se several stages of its transforma- 
lion, gluten possesses the jiowcr of acting a.s a fernieiil. Thus, if a small quantity of 
gluten or wheat-flour be added to vStarch-pa.ste diflused in w'at(*r, and the mixture be 
exposed for several hours to a tempeniturc of 60^ or 70° C., it liijucfies, becomes trans- 
parent and mobile, and ultimately acq ires a sweet taste, the starch being converted 
first into dextrin, and then into glui?osc. 

Gluten exhibits the same percentage composition as the alhuminoYds; it is not, 
however, a simple proximate principle, but, as first shown by 'Ihiddoi (Gioriialofisica 
di Brugnatelli, xii. 360), may be separated into two di.'^tinct subslanccs, one soluble 
and the other insoluble in alcohol ; and, according to Ri tthausen (J. pr. Clicm. Ixxiv. 
193, 384), the portion soluble in alcohol may l)e further resolved into two substances, 
one called mucin or vegetable casein, the other glutin, gli ad in or vegetable 
gelatin; the portion insoluble in alcohol is cidled vegetahle fibrin. 

To separate those substances, Rittliausen proceeds as follows :--rreshly prepared 
gluten, divided into small fragments, is digested for several hours with alcohol ot SO or 
per cent. The alcohol is then heated to boiling, and after half an hour tho 
supernatant liquid is filtered, or simply decanted, and the mass of glu^n is again 
heated several times with boiling alcohol of 75 per cenh 

hecomo turbid on cooling, and after Imlf tho alcohol has been distil e o » X 

deposit on cooling considerable quantities of flocculent mucin, mixe wi g 

wd (lie liot solntioii filtered through calico, then left to cool, and 

«l>ile the deposit is forming. The .dear liquid then retains all the ^ 

a very small quantity of mucin. The precipitated mucin is transparent, flocc , 
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iJiglitly coloured. After desiccation by absolute alcohol, it becomes greyish-white 
granular, e^y to pulverise, and of earthy aspect. 

Mucin is soluble in boiling alcohol, and in cold dilute acetic acid: but, under certui 
circumstances, it becomes changed into an insoluble modification, scarcely distinguish 
ablo from animal fibrin, this transformation taking place when mucin is precipitated h' 
ammonia from its solution in acetic acid, when it is left for some time m contact wit} 
cold water, or with dilute alcohol, and when it is boiled for a short time with water. 

The alcoholic liquid fix>m which the mucin has been deposited contains the glut i n 
together with a small quantity of mucin. To obtain the glutin pure, the liquid miiHi 
be evaporated over the water-bath, by which the mucin is rendered insoluble, and tin 
glutin rediflsolved in alcohol or in dilute acetic acid. 

Glutin, or vegetable gelatin, in the hvdrated statt', forms a yellowish limpid liquid 
of the consistence of varnish, and capable of being drawn out into threads liaviiig « 
silky lustre. When desiccated by alcohol, treated with ether, and dried in vacuo it 
forms a hard fragile mass of farinaceous aspeet. By evaporating the alcoholic solu- 
tion, it is obtained in a form exactly resembling that of animal gelatin. 

Glutin dissolves easily in alcohol of 40 to 80 per cent., the solution remaining per- 
fectly limpid. Absolute alcohol precipitates it gradually in the form of a white, 
granular, but adherent powder. It dissolves to a very slight extent in cold, and some- 
what more freely in hot water ^ the solution yielding a white precipitate with gallotan n ic 
acid, and with basic acetate of lead, mercuric cJdoride, snlphate of zinc, and nitrate of 
silver. With ferric sulfhate mixed with ammonia, it gives the same reaction as 
animal gelatin, that is to say, an orange-coloured or brownish precipitate. 

Glutin dissolves with blue colour in hydrochloric add; in nitric acid, it swells up 
and dissolves, the solution yielding a yellow flocculent precipitate when mixed with 
water. It dissolves partially in 'phosphoric acid, easily and completely in tartaric and 
acetic acids. On mixing the auetic solution with a small quantity of cupric suljdiate, 
slightly superstvturating with potash, and heating the liquid to boiling, a blackish pre- 
cipitate of cupric oxide (?) is fonned, and the liquid acquires a tine permanent bluish- 
violet colour. The same reaction is exhibited by mucin. 

Glutin is soluble in the Ji^ed alkalis, less soluble in ammonia. The alkaline solution 
forms curdy precipitates with metallic salts ; carbtmic acid, calcium-salts, and acetate 
of lead separate the glutin from it. The acetic and alcoholic solutions exhibit similar 
characters. 

Moist glutin exhibits a fine red colour witli mercurous nitrate. With strong sul- 
phuric acid and sugar, it first produces a fugitive yellow colour, and then, after Inilf 
an hour, a fine violet colour. Both glutin and mucin, when dried by heat, pass into 
modifications loss soluble in alcohol and other solvents than the original substances. 
At a stronger heat, glutin melts, swells up, and leaves a carbonaceous residue. 

Glutin, like mucin, appears capable of passing into an insoluble modification. Ritt- 
hnuaen is also of opinion that vegetable fibrin is capable of undergoing a similar 
change, and that the existence of the several constituents of gluten in the soluble or 
insoluble state may account for the difibrences observed between certain varieties of 
wheat {hU vitreuce and bit farine.vx). 

The following are analyses of crude gluten, of glutin (or rather mixtures of glutin 
and mucin) separated by alcohol from crude gluten, and of pure glutin, prepared by 
Ritthausen's process. They show that pure glutin has the same composition as crude 
gluten itself, atnd that the other constituents do not ditfor much in composition from it; 
hence it is probable that all the constituents of gluten liave the same percentage com- 
position, which indeed is that of the albuminoiob (i. 70). 

Analyses of Gluten. 
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Mncin yielded 0’98 and vegetable fibrin 0-95 per cent, of sulphur. VeBetable fibrin 
dehydrated by alcohol, forms a pulverulent nmss. (Kitthauscn.) 

The fats of gMen form a yellow oily mass, neutral, having a sweet taste, and mixed 
with cryetuls. (Ritthausen.) ° ^ 

Gunsberg (J. pr. Chem. Ixxxv. 213) has obtained reaulta differing con.siderably 
from those of Ritthausen. Accorduig to his experiments, the substance described by 
Ritthausen as mucin or vegetable casein is not a distinct proximate principle, the deposit 
wliich separates from alcohol after boiling with gluten, consisting merely of small fragi^nts 
of suspended fibrin. Moreover, glutin or gliudin, which remains dissolved in th^lcohol 
after separation of this deposit, is itself not a simple proximate principle : for cold 
water extracts from it a brown substance containing nitrogen and sulphur ; and the 
residue treated with boding water yields a limpid solution, which on crx»Iing deposits a 
substance free from sulphur, and containing, when dried at 130° 0., 52-77 per cent, car- 
bon, 6*79 hydrogen, 17*66 nitrogen, and 22*78 ox^-gen. This substance, which lias nearly 
the same composition as animal gelatin, is regarded by Qiinsberg us the true glutin or 
vegetable gelatin. The sulphuretted and non-sulphuretU'd compounds just ment ioned 
may be extracted directly from gluten by successive treatment with cold and hot water 
without previous solution in alcohol. 

The proportions of gluten in wheat-flour vary considerably, according to tlic condi- 
tions of growth, such as climate, soil, manure, temperature, ko. The best wheat-flour 
contains from 10 to 11 per cent, of dry gluten; inferior kinds from 8 to 9 per cent. 
In the moist state, gluten weighs about three times as much as when dry. 

The flours of barley, rve, and oats differ considerably in proximate constitution from 
wheat-flour, boiling olconol extracting from them fatty and resinous matters, but only 
traces of glutin. Indeed these grains cannot properly be said to contain glutin, but 
only vegetable fibrin. Neither is glutin found in appreciable quantity in the flour of 
peas, beans, or lentils. It appears to exist, however, in the juice of the grape, and of 
many other fruits, being probably held in solution by tartaric or other v(‘getalde acids. 

CrXfTCZSBAMZiriS or GlyceryUhydoramine. |Q 2 *“"'A.n 

organic base produced, as a hydrobromate, by passing ammonia-gas into a solution of 
dibromhydrin in absolute alcohol : 

C-’JT«Br20 H 2Nn* + H*0 « NH'Br + C^IPNO’^.IIBr. 

By treating the hydrobromate with strong potash-ley, the base is obtained as an oily 
liquid easily soluble in water and in ether. Uydrochlorate of glyccrmdne becomes 
moist on exposure to tho air, and decomposes when heated. Its alcoholic solution forms 
with tetrachloride of platinum, a double salt, 2(C*H®NOMlCl).PtCl*, which separates 
in oraugo-colourcd granules. (Bortholot and De Luca, Ann. Ch. Pharrn. ci. 74.) 

Diylyceryl-dikydorbromamine or Hemibromhydramidct CTP'-^BrNO-* 


(OTP)"' 


0^ , is an amorphous base, produced by the action of dry ammonia-gas on 
Br 


pure dibromhydrin (Bertholot and Be Luca, i. 668); and the analogous compound, 
C**IP*C1N0*, is obtained by beating epichlorhydrin with alcoholic ammonia. (Kc bo u I, 

GXiYCBRXC ACZS. C*II®0^ - (Bebus, Phil. Mag. [4] xv. 

195; Ann. Ch. Pharm. cix. 227; Socoloff, Ann. Ch. Pharrn. cvi. 95.)— Produced by 
tho action of nitric acid on glycerin (Bebiis, Socoloff); by the spontiinemis 
decomposition of nitroglycerin (Be la Rue and Muller, Ann. Cli. 1 harm. eix. — ) , 
and by heating 1 at. glycerin with 4 at. bromine and a volume of water twenty imes as 
great in a sealed tube to 100° C. (Barth, Ann. Ch. Pharrn. cxxiv. 341): 

C>II®0* + Br* -t H*0 = C®H“0‘ + 4lIBr. 

iV^arur</on,—l pL of glycerin is mixed in a glass ^ 

water, and 1 pt. of nitric acid of specific gra’vdty 1'6 introduced ‘ . 

a long-necked funnel (100 grms. glycerin, 100 g„n.s. water, W Zumo 

nitric acid are good proportions). Tho two layers ol bquid gradua y cocious 

a blue colour, and the oxidation of the moderated by 

evolution of gas. If the liquid becomes too hot, the ^ 

external cooling. When the oxidation is completed, which * ^ ^ asvrupy 

Btronglymnd hquid is divided into small portions and evaporated at 100 C to asyr py 
consiLnee: th\ united residues are dtoed mth water, and 
and the resiting calcium-salts are pi^cipitated by ^ 



L a quantity 
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upon tbe caldTim-salt of a peculiar acid is depositcdr The liquid separated from this 
precipitate, freed from excess of lime by carbonic acid, and evaporated to the crystal- 
Gsinff pointy yields glycerate of calcium, which may be purified by recrystalHsation. 
(Debus). According to Socolofl^ when glycerin is mixed with a large excess of nitric 
acid of specific grayity 1*860, at ordinary temperatures, oxidation begins in a few hours • 
a large quantity of gas is evolved ; crystals of oxalic acid separate in a few days ; and 
the remaining liquid thus formed eontains glyceric acid, tlie calcium-salt of which may 
be obtained as above.* 

The acid is obtained bj decomposing the calcium-salt with a quantity of oxalic acid 
exactly sufficient to precipitate the lime, and evaporating the filtrate on the water-bath 
(Debus). Beils tein (Ann. Ch. Pharm. cxx. 226), evaporates the product of the 
reaction of nitric acid upon glycerin in a large fiat-bottomed basin, over the water- 
bath, dissolves the residue in a large quantity of water, and saturates it witli oxide or 
carbonate of lead. The liquid boiled, filU^red, and concentrated by evaporation, de- 
posits, on cooling, crystals of glycerate of lead,, wliich, when purified by reciyHtalJisa- 
tioD, and decomposed by sulphydric acid, yield nearly colourless glyceric acid, as a 
thick, non-crystallising syrup. The acid, after being heated for some time to 106® C., is 
converted into a soft, very tenacious, slightly brown mass, having the composition of 
glyceric anhydride^ which, at 140°, changes to a brownish mass resembling 

gum arabic ; it absorbs water with avidity, and, at a higher temperature, gives off acid 
vapours, turns brown, and burns with flame. (Debus.) 

Glyceric acid is isomeric with pyruvic acid : it is also homologous with glyoxylic 
acid (C^H^O*), and bears the same relation to glycerine, that acetic acid bears 

to alcohol. 

Glyceric acid treated with iodide of phosphorits yields iodoppopionic acid, C^IDIO* 
(sec PfiOPiONio Acid, Dehivatives of). A mixture of glyceric and hvnzoic acids 
heated for a long time to 200° C., appears to yield a benzoglycifiiric acid. (Boil stein, 
Ana Ch. Pharm, cxx. 226.) 

The aqueous solution of glyceric acid has an agreeably sour taste, dissolvos iron and 
xinc without evolution of g^s, probably forming a lactate or propionate, decomposes 
carbonates, and coagulates milk. Potash added to ti solution of iron in glyceric acid 
precipitates onlj^ a part of the iron; the precipitation of copper from the sulphate by 
potash is likewise prevented by the presence of glyceric acid, the liquid yielding, 
however, a dark yellow-brown precipitate when boilcef. 

Gly cerates. — Glyceric acid, though a triatomic acid, nevertheless appears to con- 
tain only I atom of liydrogon replaceable by metals. It is probable, however, that tbo 
remaining two atoms of typic hydrogen will be found to be more easily rtjplaceuble by 
acid radicles, just like tbo second atom of typic hydrogen in gly collie acid \q. v.) 

The glycerate 8 are soluble in water and crystallise well. They are not reddened 
by ferrous sulphate, and are thereby distinguished from the pyruvates. 

Glycerate of Ammonium^ C*H\NH‘)0^ forms colourless radiating cry.sUils, 
which are very deliquescent, melt at a gentle heat, and at higher temperatures turn 
brown and give off ammonia. 

Glycerate of Barium, separates from a hot s:>lution of carbonate of 

barium in the aqueous acid in largo sphericitl aggregations of concentricaHy gi’oupod 
lamime. 

Glycerate of Calcium, C*II’®Ca"0'* + 21DO, crystallises in small, white, concen- 
trically-grouped crystals, frequently also in nodules composed of microscopic tables or 
prisms. By mixing a moderately strong aqueous solution with about an equal volume 
of hot alcohol, distinct crystals are obtained Imlonging to the monoclinic system : 
ooP . oP . JF ooPoo ] . ooPoo . They have a mica^ous lustre, give off their water at 
about 120° C., and begin to decompose at 160°. The salt is insoluble in alcohol. 
The aqueous solution precipitates lead, copper, and ferric salts. With nitrate of silver 
at the boiling heat it forms a black precipitate, and, on addition of ammonia, a specular 
deposit of silver. 

Glycerate of Lead,, C®3’®Bb"0*, forms white, hard, anhydrous crystalline crusts. 

Glycerate of Potassium (acid), C*H®K0*.C''1I*0* is obtained in smafll white 
crystals by exactly neutralising the acid with carbonate of potassium, adding an equal 
quantity of the acid, and evaporating to a syrup. 

When 1 pt. of neutral glycerate of potassium is mixed with 1 pt. of hydrate of 
potassium dissolved in 2 pts. of water, and the mixture is boiled down till it dves a 
white precipitate with acetate of lead, after acidulation with acetic acid, the glycerie 

• When the mother-llquor sepamted from the crystals of this calcium- salt was mixed with carbonate 
of potaasliim in quantity sufflcleDt ]k> pre4*f|>itate the whole of the Hme, and the alkaline filtrate 
. traliaed with nitric acid and concentrated, the syrupy liquid decanted from the crystals of nUri^HfwJ 
separated out, yielded needle-shaped crystals with a concentrated solution of acid solphlte of iO(Uu». 
hence it probably contained a subatance of the nature of au aldehyde. ( So c o lo f f.) 
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•cid is found to be wtolred into oxalic and lactic acida f.liB ivV.. j 

by the acetate of lead, the latter remaining in solution ' The elTceric m&^^**^k*m** 
BMtresoIred into lactic and malonic acids : Abe glyccnc acid is probably 


2C»H‘KO< + KHO 

Gljcerate of 
poussium. 


^H‘KO’ + C»H«K» 0 ‘ + 2 n» 0 - 

Lactatfi of Malonate of * 

potaismin. potastium, 

and the malonic acid is further resolved into oxalic and formic acids : 

C'H*K*0* + KHO 4 H*0 = CK'O* + CHKO* + 

(Debus, Ann. Ch. PIimto. cix. 122) From an expriment made by Atkinson it 
appears that glycerate of ptassuim, when fused with hydrate of potassium, is resolv^ 
into acetate and formate of potassium: . 

+ KHO * C*H»KO* + CEKO^ + H*0. 

Glpeerate of Silver is a very unstable salt. 

Glycerate oj ZtTtfr, C'*H“’Zn"0® + H*0, crystiillises from a solution of earbonate 
of zinc in the warm aqueous acid in small colourless crystals, which give off their 
water at 140®. 

GXiTCBHXBUB. Glycerin-ethers, Glyceryl-ethers. Saponifiable Fats. (Chev- 
reul, Rechcrches sur Ics corps gras d^orUjine animale. Paris, 1823 -^Berthelot 
Chimie organique- fondk sur la sijnthhe, ii. 12— 164.— KekuU, Lrhrb. d. ora. Chrm 
ii. 108— 136.)— These bodies are the compound etliers of the triatomic alcohol, glycerin. 
Some of them exist ready formed, as natural fats, in the bodies of plants and animals* 
and many more may be produced artificially, by the action of acids upon glycerin. 

The names of the glycerides are formed, for the most part, from those of the corre- 
sponding acids, by changing the termination to into hi ; thus, acetic acid forms acetins, 
elilorhydnc acid forma; chlorhydri ns, &c. There are a few glycerides containing 
monatomic alcohol-radidcs instead of acid radicles, and these are designated in like 
manner; thus, glycerides containing ethyl are called (*thylins. The names of glyce- 
rides which possess decided acid propertif's are formed by prefixing the word glyccro 
to the name of the acid from which they are forniod, e.g. glycerotartiiric, glyceroplios- 
j)lioric acid, &c. 

The formation of glycerides takes place in the same way as that of all other com- 
pound ethers, and indeed of all salts whatever, viz. by the union of tho acid and 
l>ase, with elimination of the elements of water (see Acids, i. 43, and Ethkus, ii. 609), 
the number of atoms of water thus eliminated being in the majority of cases equal to 
the number of atoms of a monobasic acid (or alcohol) concerned in the reaction, or to 
twice (he number of atoms of a dibasic acid, or to three times that of tho number of 
atom.s of a tribasic acid. In this manner there are formed three series of normal 
glycerides, having the constitution of triatomic ethers derived from glycerin, 

ipj' j 0* or (HO)*, by the replacement of 1, 2, or 3 at hydrogen by an 

equivalent quantity of an acid- or alcohol-radicle, or of 1, 2, or 3 at. HO by an equiva- 
lent quantity of the peroxide of an acid- or alcohol-radicle or of chlorine, bromine, or 


0 * 


Monoacetin . 

. C*H'"0* 

« C’HH)’ + C*H<0» 

- n*o = 

(c>nT 

C^H*0 

IP 

Monoethylin , 

. C»H'*0* 

- C?n*0» + (FH'O 

- H*0 - 

(C'lP)'" 
C-'IP 
H* , 

Monochlorhydrin 

. C>H’C10* 

- C'H'O* + HCl 

- H*0 « 

{cmT 

IP 

Di.'icetin , 

. C»H**0» 

C'H'O* + 2C«H*0’ 

- 2H*0 - 

(C’lP)'" ^ 
(C*H*0)* 

H 1 

Bifithylin . 


- C'H'O' + 2C'H'0 

- 2H*0 - 

(c*H*y"i 
(cwy 
H ; 

Succinin . , 

. C*H*®0» 

» C'H'O* + C‘H*0* 

- 2H*0 « 

(O^H^O*)" 

H 

Aeetochlorhydrui 

. C*H»C10* 

= C'H'O' + 

- 2H*0 - 

(C*H>)'"] 

C*H»0 

H 


0 * 


0 * 
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Diclddrhy<brlB . 
Triacetin . 
Triethylin . 

Benzosuccinin . 
Citrin 

AcetoJichlorhydriu 
Trichlorhydrin . 
Bibyoraochlorhydrln 


. C>H*C 1*0 - C*H«0« + 2 HCa - aH*© - (C’HTjO 

H jC!> 

. 0*H«0* - C‘H'0» + 3Cm'0> - 3H*0 

. CH“0* - C*H«0* + 3C‘H*0 - 3H»0 - [c'H*)* ^ 

. C'^n'*©* = c*n«o» + - 3H*o -(cKrlo* 

^ ^ ^ ) C’H»0 

. C'H'"0' = C>H»0» + C»H»0' - 3H»0 0« 

• = C’H-O* + CWO*j _ 3jj,o _ (CWrjO^ 

. C'ffCP = CH»0» + 3IIC1 - 3H*0 = (CW)"-.©!' 

. C*H‘Br’Cl = C>H*0« + - 3IP0 = 


There is, however, a considerable number of glycerides, whose formation is attended 
with the elimination of a number of atoms of water greater or less than that which 
would be indicated by the rule above given, e. g. : 


Epichlorhydrin . . C»H»OCl « C®H"0» + HCl - 2H*'0 

Epidichlorhydrin . C^H^CT*' « C*H*0’ + 21101 — 3iP0 

Glycerotartaric acid . C’n‘H)« « C^lPO^ + C^lPO* - JPO 

Glycerotritartaric acid = 0“IP0» + SC^IPO'* - 2IP0 


For additional examples, see the table given under Ethers (p. 520). 

These abnormal glycerides diifer of course in atomicity from the normal glycerides, 
which are all triatomic. Those whoso formation (like that of the third and fourth 
in the preceding table) is attended with the elimination of a number of water-aloiiKS 
smaller than that required by tlie general rule are of higher atomicity than the nor- 
mal glycerides (see the table, p. 620); tfiese are for the most part of decided .‘ichl 
character. Those, on the contrary, which, like the first and second in the above table, 
eliminate in their formation a number of water-atoms greater than would l)o 
consistent with the formation of a normal glyceride, are of lower atomicity, and for tlie 
most part diatomic. They constitute a class of ethers called glycidic ethers, wliich 

may be derived from a hypothetical diatomic alcohol, | 0'^ or ^ 1 0^ cnlloJ 

glycide. This class of compounds includes tho chlor- and bromhydrins which nre 
distinguished in Bertholot’s nomenclat ure by tho prefix epi^ and are produced from 
the triatomic chlorhydriiis and bromhydians by tho action of alkalis. (See Gnycinrc 
Ethers.) 


Occurreme and Formation of GlyccruUs , — The normal glycerides containing acid 
radicles are artificially produced by acting upon glycerin witli tho corresponding acids, 
sometimes at ordinary temperatures, but more frequently with the aid of heat iu 
sealed tubes, the particular compound fonned depending upon the j)roportions of acid 
and glycerin present, the temperature to wliich tlie mixture is subjected, and the 
duration of the action. Tho chlorhydrins and bromhydrins are likewise produced by 
the action of the chlorides and bromides of phosphorus on glycerin. 

The glycerides which are found in living vegetable and animal organisms all contain 
3 at. of an acid radicle in place of the three replaceable hydrogen-atoms of glycerin. 
They are identical in all their properties with the triacid glycerides produced by arti- 
ficial processes. Nearly all saponifiable fats are bodies of this nature, only a few 
yielding by this treatment alcohols different from glycerin, e. g. spermaceti, which 
yields othfu, or cetylic alcohol, and Chinese wax, which yields cerylic alcohol. 

The glycerides which occur in plants in the form of oil or tallow are found chiefly 
in tho seed, and most frequently in tho tostii, or seed-coating ; rarely in the albumen 
(as in the poppy), or in the radicle, or in the fleshy matter surrounding tho seed (as m 
the olive). Cypcfua esculcntus contains an oil in the root. In the animal body, fats 
are for the most part enclosed in the cellular tissue or in particular cavities. 

Fats are separated from vegetable or animal tissue by pressure, at the temperature 
of the air, if they are sufiftciently fluid; otherwise with the aid of heat; sometime^ 
however, the fat separates out sponttinedusly by simple fusion ; or the fat may be 
dissolved out by boiling alcohol or ether, in which case it separates, sometimes by 
cooling, sometimes by evaporation, or on being mixed with water. The fat obtained 
by either of these processes is generally a mixture of several simple glveerides, which 



glycerides. 


m 


may » aeparatcd, in consequence of their different • 

them at a temperati^ at which ono is solid and the otW lianid^ thlie^hAV'?^"^ 

*f oliTO ott is obtained by altering the crude oil atatlSL 

point of only the most auid portion then passing through. AnotW of 

wparating flats is by taking advantage of their different degrees of soluMUe L 1 i f 

“ *“• ‘ 

B-e;.efto.-(Jlyceridc8 in the solid state arc white, transiiarent, or tronsiacent 
Some of them are ctystallme, others have a close splintery fracture - sneciflo or?! I, 
K-tween 0-892 and 0-930 At a certain degree of eofd the7are br??ti; an^MabinnS 
nt a less degree, more or less soft. Thotr melting-points ningo from 20 degrees or inoJo 
Oelow.OO c. to + Olo C. In the melted state thVfonn vise^l oils?g3y rolouS 
sometimes yellowish or greenish greasy to the touch, and making a periiianent stain 
on paper. They are not volatile without decomposition, some only being canable of 
(iMtillation in vacuo, ^ley are neutral to vegetable colours, inodorous when nure but 
often have a rancid odour, arising from incipient decomjiositioii ; they have little or 
no taato. 


Glycerides are insoluble in waUr, sparingly soluble in alcohol, more soluble in i thr * 
thty dissolve also in sulphide of carbon. They mix readily with volatile oih; in the 
melttHl state they dissolve sxdphuv, phosphoriis, and iodine (which however gnulually 
dt-Coini)oses them), also camphors, resins, and alkaloids. They are not soluble in 
mpieous ammmna, but licpiid fats mix witli it and form a wliite pasty mixture, called 
liniment, which takes a long time to separate. 

Many glycerides are susceptible of isomeric nio<liftcations, differing in melting-point 
Hiul other physical properties. II ci n tz observed that stearin from mut ton fat, enclosed 
in a capillary tubo and heated in a water-bath, becomes perfectly transparent at 61® 
er 62^ C., opalescent at a somewhat higher temperature, resumes its opacity at 68'^ 
and melts at 62—62*6®. 


These phenomena have been more minutely examined by Duffy (Chom. Soc, Qu. 
•T. V. 197) who finds that stearin is susceptible of three isomeric modifications, each 
di‘^tinguishcd by a i^rticular molti rig-point. When griKlnally healod, it molts at the 
first of these points, viz. at about 6 1® C., then solidifies ; melts nt the temperature of the 
Hocond, solidities, melts at tho temperature of the third (about 69'^), and timn solidifies 
only when the temperature has fallen below all three. AtbT solidifying at this point, 
it may lie made to molt again at the first, second, and third melting-points respectively, 
solidifying before, below ail three; and these changes are prodncildo in this 
Bticcession to any extent, without the slightest loss or gain of W’eight. As the stearin 
ap})roaches to puritj^ (by repeated crystallisation from ellier), the interval between the 
first and second melting-points diminishes: hence it is probable that perfectly pure 
stearin* (which has never yet been obtained) would exhibit only tw’o melting points, 
those, namely, which are here called the first and third. 

The tliree motlifieations also differ in den.sity, the first being lighter, tlie second and 
tihrd heavier than water; at 15®, the density of the first is d-98G7 ; of the second 
I'OIOI, of the third 1*0178. TIicso numbers apply to mutton -sLearin crj^stalliscd 
32 times from ether, and having its third molting point at 69 '7®. 

Similar modifications are exhibited by other glycerides, viz. stearin from beef-fat, a 
g1yceriri-fat from a kind of vegetable tallow (tho histoiy of which is not exactly 
know'll), palmitin and margariii. The foUow'ing table exliibits Iho melting-points of 
these fats : Melting-point^ 


SkHdirj'Iag 

points. 

Mutton-stearin . . . . 61*7® . 

lioef-stearin .... 60*5 . 
Substance frQm vegetable tallow . 45 0 . 
Palmitin from palm-oil . . 45 0 . 

Margarin from butter . . 40 * 1 ) . 

Margarin (?) from human fat . 43*5 . 


1 2 3 

. 52 0® . . 64*2®? . . 69-7® 

. 61 0 . . 63*0 . . 67*0 

45 0 . . 62*0 . . 64*5 

*. 46*0 . . 61*7 . . 62-.S 

. 40-5 . . 6P0 . . 62-6 

44*2 . • 61*5 • • 


The property of existing in two, if not three modifications, appears not to beleJiR ^ 
ttny fatty substances excepting the glycerin-fats : at all events, the 
them do not possess it ; neither is it exliibited by stoanc or cerotic ether, cerotiii, 
ccrotene, Chinese wax, or paraffin. . . ... -nl ifilo 

Decompositions of Glpeerid,s.—l. Bn li/XiV/afton.— Glycerides, f^ich jrif d to Utile 
^ids, such as the acetins, butyrins, and valerins, may be more or less ( ^re 

<iecompo8ition ; but those which yield fixed acids, 6. g. palmitin, olein, and stearin, 

ojilvik**® •learin which Dulfr obtained had been 32 ^ 

K>'ammea from 2 kilogramiheB of the crude fat ; it which cryfUlBwd out. 

for the rcBiaoe of the mother-liquor dlflfered In melting point by 2® from that wwen cryK«..iw 
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almOBt wholly decomposed by a heat of 300® C. and upwards, yielding numeroug hydro, 
carbons, acrolein, with its products of decomposition (aciylic acid and acetic acid^ 
more or less of the fatty acid contained in the glyceride, and a residue of eharco,ii’ 
amounting to from 1 to 4 per cent, of the fat. When a fat is made to |)^ in drops 
through an iron tube at u low red heat, it yields but a small quantity of liquid 
products, but is for the most part resolved into a mixture of gases called oil-gns^ 
possessing great illuminating power, and consisting of carbonic oxide, hydrogen, marsh 

f as, olefiant gas, the vapours of two empyreumatic oils (probably C^H* and and 

enzene, C®H*. 

2. By oxidation, — ^Fats, in consequence of their higher boiling-points, require a 
stronger heat to set them on fire than the greater nuinber of volatile oils. They burn 
ijnth a very bright white flame, which dej^osits no soot unless the supply of air is 
insufficient. 

Fats likewise undergo gradual oxidation by exposure to the air at ordinary tempera- 
tures. This change tiUces place most rapidly with fats which arc liquid at the medium 
temperature of the air, and tlie fixed oils, when they thicken, turn rancid, and sonu'- 
times undergo spontaneous combustion. Fats of the stearin class, when pure, are ))ut 
little changed by exposure to the air, but when mixed with oily fats, as generMlly 
happens, they exhibit alterations similar to tho latter. Some fixed oils di^ up by 
oxidation to an elastic resinous substance; others are converted into a thick greasy 
mass. Hence the distiiurtion between drying oils, such as linseed oil, and non-drying 
oils, like rape and olive oils. 

The thickening of fixed oils is purely an effect of oxidation; but the rancidity 
which many oils acquire by exposure to the air appears to depend in a groat moasuro 
on the presence of certain azotised substances, such as gluten or cellular tissue, wliich 
putrefy on exposure to the air, and act as ferments in inducing a peculiar kind of 
decomposition. (See Oils.) Accordingly, animal oils are peculiarly subject to rancidity. 
Oils may be kept from turning rancid by Appert’s process, that is, by placing Imttb's 
completely filled with them in water, keeping the water for some hours at the boiling 
heat, and closing the bottles tightly while tho heating is continued. 

When porous substances, such as hemp or cotton, arc saturated with fixed oils, so 
that the oil presents a very largo surface to the air, the absorption of oxygen tnkt s 
place more quickly; the development of heat which accompanies it acccl«?rate.s the 
process ; this again produces a more rapid evolution of heat, by whicli the oxidation 
IS further accelerated ; and at last, if the quantity of material is considerable, tlio 
temperature rises to the point at which rapid combustion takes place. Tliis spon- 
taneous combustion of fixed oils, which is a frequent cause of fires, takes place Inon^ 
readily with drying than with non-drying oils. It may take place in intervals varying 
from a few hours to several weeks, when considerable masses of lamp-black, tow, linen, 
paper, cotton, calico, woollen stuffs, ships’ cables, wood-ashes, ochre, &c., are slightly 
soaked in oil and packed in such a maiinor that the air has moderate access to them. 
( See Graham’s Chemical Beport on the Cause of the Fire in the Skamship “ Amasoji,' 
Chem. Soc, Qu. J, v. 34.) 

3. Chlorine, bromine, and iodine decompose Aits, forming substitution-products, 
whicli have been but little examined. 

4. Fuming nitric acid sets tire to drying oils. A mixture of this acid with strong 
sulphuric acid sets fire even to olein ; but solid fats arc but .slowly decomposed by 
fuming nitric acid. When fats are heated for some time with dilute nitric acid, the 
products formed are the same as if a mixture of glycerin and the fatty acid had been 
similarly treated, tho glycerin yielding oxalic, and perhaps also acetic acid, and tho 
fatty acid being converted by progressive oxidation, first into a resinous mass, then 
into various other acids, such as suberic, pimelic, adipic, lipic, succinic acids, and 
others, differing according to the nature of the original acid. Olein yields, in addition 
to the acids above-mentioned, several volatile acids of the scries C’‘n*"0^ from acetic 
acid, CTI'‘0* to capric acid, When weak nitric acid acts for a short time 

only on fats, the oxidising action is exerted almost wholly on tho glyceryl, the fatty 
acid being set free, occasionally in a somewhat altered state. , . 

6. Strong sulphuric add, at high temperatures, browns and blackens fats, giving 
off sulphurous and sometimes formic acid, and forming a resinous matter, a substance 
like tannin, and a coaly substance, all of which appear to contain sulphuric acid. 
Sulphuric acid, gently heated with twice its weight of fat, separates the fatty acid, 
and forms sulphoglyceric add, C*H*0*.S0*. 

6. Ammonia decomposes the glycerides into glycerin and the amide of the acid con- 
tained in them (Berthelot,Boui8, Rowney), : < 

C»®H»*Or4* « C’H’NO + C»HW 

Bensolcin. Benzamide. 

T# 8(ifwdfio<Uion, — Glycerides^ as already observed, are decomposed by 
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giyils and other hydratwl oxides, yiehliugr glycerin and a salt of tlic fatty acid, calltMl 
^soav* ThnSf when stearin is acted upon by caustic potash, the pixalucti* are glycerin 
nd ^earat© of potassium. 


- “"irio..3rrjo). 

Th stronger the base, the lower is the temperature at which the saponification may 
ift effected. Caustic alkalis can saponify fats at onlinary tenipcj*atnr('H, especially if 
ih action* be assisted by agitation ; weaker bases, such as oxide of Icivi, also tho 
iLline carbonates, require a boiling heat, and water requires a veiy' higli tempera- 
ture such as can only be produced under increased pressure or by the use of super- 

a tmn^orature at which the tension of water-vapour is from five to six times that 
f the atmosphere, 4 pts. lime suffice to saponify completely 100 pts. fat. in presence of 
fnr rMillvi One pt lime-soap heated with nn equal weight of water and 40 times 
>rweiUt of olive-oil, to 165® or 165® C., decomposes the oil eomph‘tf ly. (Pelouze.) 

aivSrides may also be saponified by anhydrovs oxides, e.g. by lime, baryta, stron- 
♦•a and oxide of lead. When tallow is heated with ^ or rather more of its weiglit of 
• tlime to about 260® C., the whole of tho fatty acids contained in it are converted 
?nto lime-soaps, and tho mass treated with water yields glycerin. During tho saponi- 
flCion wateT, acetone, and glycerin are given off. amounting to 2 or 3 per cent, of 
♦1,0 +«11 aw f P el o uze, Compt. rend. xlii. 1001.) 
men a glWide is boiled with excess of alkali, the product is a ways a neutral 
and if tho quantity of alkali prcaont is less than sufficient to neutralise ths 
of tho fatty acid, part of the fat remains undecompoaetl. 100 pts. of hogs 

lanl require .toarate oleate, &e.. of pot.assium, without excess of either 

tfd orXJr^ut"triSo^rof larf boiled U go hours with 9 pts. of hydrate 
acid or alka , , nuantitv of water, a homogeneous mass is obtained, con- 

stZteTc mixed ^^th half the fat in its original 

The mixture thu^ is^ almost wholly soluble in aleohol, and does not 

f i^'imJaalswts a property on which the power of soap to remoyo grease-spots 
lieflfdepenf^. ’ The^same mixture, hoiled ^th a la^e^^^ water, is deeom- 

'TilrSrSSSi: -.1. . 1 ^ 1 «, ...w 

Monobulyrln. “"‘X'l 

. KCHK, - o;^Ko. - * cm 

THsteaiin. potawiuin. -r fl, e f * n 

A simple fat, when saponified, yields natural fats, each of 

”>■> 

thing to be done is to decompose all the . qjjp soveral volatile acids m 

separate the Tolati'e from the fixed , fractional distillation ; acetic, butym-, 

the distillate may then be further ?P“”i^'^Vpartial saturation with potash, and 
and valeric acids, better by Liebig s methoa p 

subsequent distillation (i. 250). a 221) dissolves the mixture 

To separato the fixed acids, out from the solution at 0® C., 

in such a quantity of alcohol, that nothing acetate of lead sufficient to 

and adds to the boiling alcoholic ** . rm.intitv of the crystallised acet^ib* 

convert about half the acids into lead-salts, of the weight of the arid 

required for this puroose being generally al^ ^;i[ng hest is to l>e rcdissolved by jj 
mixture. Any preciptate which forms at th jg filtered 

few drops of acetic acid, and the uy filtration flnd pressure, and tne 

from thraalts, which separate in the solid f tend-salts by sulphurur 

fattv acids are separated^^f^m t>oth the disso Wed 

jcii The fractumal precipitation w then „ exhibit any alterntion of mei 
Wh portions of acid, fill the P^ducta no of 

point or other physical properties, [kot separauon of the fatty 

“Rocherehes sur les corps gras; ” 

Vol.il ^ ^ 
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acids is on the whole a loss difficult problem than that of the fats themselves ; indeed, 
the onljr way of obtaining an absolutely pure glyceride is to produce it artificially by 
the action of the corresponding acid upon glycerin. ^ ^ 

The following is a list of the fatty acids which have been obtained from natunU 
glycerides : 


1. Volatile acids. 


2. Fixed acids. 


Butyric 

Valeric 

Caproic 

Caprylic 

Capno 

Horcic 

Sabadillic 

Crotonic 

Bicinic 


01OH2OO2 

? 

? 

C‘H«0* 

? 


Lanrostcaric 
Cocinic 
Myristic 
Benic ? 

Moringic 
Linoleic 
Palmitic 
Hypogteic 
Margaric 
Oleic, Elaidic, and 
Stearic 
Arachidic 


. c>*n*«o« 

. . 

. C’'‘IP‘02 

. C‘’IP'02 
Bicinoleic C'*II**0* 


According to Heintz, margaric acid is merely a mixture of stearic and palmitic 
acids ; and benic acid is identical with palmitic acid. 

The neutral fats corresponding to several of these acids have not been obtained iti 
the separate state, their existence being merely inferred from the formation of cor- 
responding acids in the saponification of mixed fats. 

The normal glycerides containing acid radicles are specially described after the 
several acids (see Acetins, Butyrins, Cht.obhydrins, &c.). Tho acid glyceri(l».s 
(glycerophosphoric acid, &c.) and the glycidic ethers (p. 895) will be described m 
separate articles. We shall here describe tho normal glycerides containing moiifilojiiic 
alcohol-radicles, of which the following have been prepared and analysed by R el) on I 
(Ann. Ch. Phys, [3] lx. 6; Jahresb. f. Chem. 1800, p. 462), and by Reboul and 
Louren 90 . (Compt. rend. lii. 406; Jaliresb. 1861, p. 674.) 


Glycerides containing Monatomic Alcohol-radiclcs, 


Etbylin 
Amylin 

Ethylchlorhydrin 
Amylchlorhydrin 
Diethylin . 

Ethylamylin 
Diamylin . 

Diothy Ichlorhy d ri n 
Ethyl-chlorobromliy dri n 
Tricthylin 

Tho glycerin-others containing 1 
are produced: 1. By the combination of „ 
alcohol-radicle (p. 896) with H®0, HCl, HBr, &c, 

C*H‘i P 

Amyl-glycidic 
ether. 


H»0 


C5Hi20a C®H»(C2n»)0». 

= C®HXC"H“)0». 
C'H"C10* =. C®H*(C*H»)C10*. 

0«H”C102 = CTT«(C»H“)C10« 

= C»H«(C*H®)*0® 

= CW((PH»)(C^H")0». 
- C»II«(C®H")W 

c»n'*cio* = c>n®(C"ii»)*cio* 

C*H'®BrC10 =. C»H»(C*IP)BrC10. 
C»H2®0® = C»H®(C2H®)»0*. 

at. of a monatomic alcohol-radicle 
a glycidic ether containing a mouatouiie 
thus, 

(C*H®)'"1 
C»H'» lO». 

H* j 

Amylin. 


C*H» ^ 
EthyUglycldlc 
ether. 


"I O’ 


o» 

Cl 


HCl - 

HCl = 

H 

Ethybchlor- 
hydrin. 

2. By the action of a sodium-alcohol on monochlorhydrin : 


(C*H^ I o» 
Chlorhydrin. 


Ka> 

Ethylate 
of sodium. 


NaCl + 


(PHHO*. 

Ethyltn. 


Glycerin-ethers containing 2 at of a monatomic alcohol-radicle ^ 
produced by the siction of ei^yl- or amyl-chlorhydrin on a sodiiun-aloohol : thuSy 


(cmT 

C»H» 

H , 

Bthyt-chlorhydrin. 


fCl + 

Amylate of 
hydrin. sodium. 


Nad + 


0*H*» l^- 
H J 

BthyUaroylln. 
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Diethylin and diamylin are however more conveni«nfi^ ^ i 

of the aomum-alcohols on dichlorhydrin, e.g , : prepared by the action 


H 

Dichlorhydriu, 


(a. * 

Amylate of 
sodium. 


2NaCl 


(C*H'>y4o*; 

H ) 

Diamylin. 


01 on epioUorhydrin. 5n which case it is probable that a glycidic ether is drst formed, 


(C«H*)"'C10 

Epichlor. 

hydrin. 


Na , 

Amylate of 
sodium. 


) 


NaCl 


(C»n»)' 

C^II' 
Aroyl-glycldic 
ether. 


r|o- 


and tUs, uniting with the free alcohol usually present in the sodium-aicohol forms the 
glycerm-efchep : * “ ” 


0* 


Amyl-glycidic 
ether. 


Amyl* 

alcohol. 


(cm^y 

H 

Diamylin. 


0». 


Diethylchlorhydrin is produced by the action of pentachloride of phosphorus . 
diethylin : ^ ^ 


H*)* ■ 
H , 


(C*H»)* \0* + PCI* 


(C*H*Y" 

(C-*H*)* 


lO* 

;ci 


+ POCl* + HCl; 


and this compound, treated with ethylate of sodium, forms triethylin: 


(C*n*r')0* 


(C2H*)^JC1 


C"H* 

Na 


O 


NaCl 


:io. 


(C»H*)" 

(C*H*)\ 

Triethylin may also bo obtained, though less pure, by the action of iodide of ethyl 
oil the sodium-salt of diethylin : 

(cmT) 

jo- + C»H‘I = Nal + 


(C*IP)‘ 

Na 


The methods above described for the preparation of the ethyl- and amyl-derivatives 
of glycerin are evidently of general application. Another general method of preparing 
t he glycerides in which all three atoms of the typic hydrogen are replaced by alcohol- 
radicles, is to treat a sodium-alcohol with the compound resulting from the union of a 
glycidic ether with an ordinary monatomic ether : thus opichlorliydriu, C*H*C10, heated 
ii^a^ sealed tube with bromide of ethyl, C*H*J3r, fonns ethylchlorobromhy drin, 

and this compound treated with 2 at. of a sodium-alcohol yields a 


(C>iP)''') Cl 


O; 

jBr 


C^H* 

glycerin-ether containing 3 at. of a monatomic alcohol-radicle, e, g . : 


(C*H*r) Cl 


F 

jBr 


+ 2 


/c»n" \ 

\ Nai 


C’^H* 
(C*H")‘ , 

£thyl*diainy]ia 


0*. 


» NaCl + NaBr + 

C*H» jBr ' - 

Ethyl-chloro* 
bromhydrlii. 

Ethylin^ C*H‘*0*.— Obtained by. adding chlorhydrin to ethylate of sodium, heat- 
ing the resulting mass to 200° C. to expel the excess of alcohol, treating the 
residue with water, and then with carbonate of potassium, nutating with etlior, evapor- 
ating the ethereal solution over the water-bath, and submittiug the residue to repeated 
fractional distillation. It is an oily liquid, boiling between 225° and 230° C., soluble 
in water, and precipitated therefrom by carbonate of potassium. (Keboul.) 

Ethyl^chlorhydrin, C*H*^C10*, obtained by agitating ethyl-glycidic ether 
with fuming hydrochloric acid, is a combustible liquid, liariug a pungent pepponr 
odour, boiling at 180° C., insoluble in water, somewhat soluble in hydrochloric acid. 
(Reboul.) 

J)i€thylin^ C’H*«0*, obtained by the action of ethylateof sodium on dichlorhydrin, 
is a liquid whcM36 vapour-density is by observation » 6*22 ; by calculation (2 voL) «= 
6*14. (Reboul.) 

I>iethylohloThydr%n, C’H**C10®, is a liquid of specific gravity 1*006 at 17° C.; 
insoluble in water, miscible with alcohol and ether. 

, Bthylohlorobromhpdrin, C*H“BrC10, i. a heaTy oily liquid boiUng between 
186» and 188°, insoluMo in water, but soluble m ^ proportions m alcohol and 
®ther. Obtained by heating epichlorhydrin with bromide of etbyL 

3 1 . 2 
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Tri€thyl%% C*n**0*, obtained by heating diethylchlorhydrin with ethylate of 
•odium to 120® C., eraporating the excess of alcohol over the water-batti, and treating 
the residue with water, is a colourless oil, boiling between 180° and 190® C., insolublo 
in water, soluble in alcohol and ether. 

Amylirit Reboul obtained this compound by heating amyl-glycidic ether 

with water to 200® 0. in a sealed tube for several ho'irs ; + H‘0 » 

C^H**©*. Two layers then form, the upper of which, when ngitat^ with aqueoai 
carbonate of potassium, to remove water, then distilled and repeatedly rectified, yichls 
amylin as a colourless, thickish liquid, of specific ^avity 0*98 at 20'^ C. It burns with 
B bright flame; boils between 260 and 262® C. ; is soluble in water, 1 volume of it 
mixing with 2 vol. water, but not with more ; and mixes in all proportions with ether. 

AmyUchlorhydrin, « C*H*(C‘‘H")C10* obtained by agitating 

amyl-glycidic ether with fuming hydrochloric acid, is an oily liquid of specific gravity 
1*0 at 20® C., boiling at 235®, insoluble in water. (Roboul.) 

A'myl^hroHihydrin and A7nyl~iodhydrin are obtained in like manner. 
The latter, which is prod^cofl with violent action, is a heavy liquid having a repulsive 
odour, and not volatile without decomposition. (Reboul.) 

Diamylin C'*H**0* C*H*(C*H'*)»0’, obtained by treating diclilorhydrin with 

amylate of sodium, dissolving out the resulting chloride of sodium with water, dis- 
tilling the liquid which rises to the surface, and rectifying the portion which gw's 
over between 275® and 290® C., is a strong-smelling liquid, of specific gravity 0*907 at 
9® C., boiling between 272° and 274®, insoluble in water, not attacked by pofiish. 
Heated with hydrochloric acid to 100® C. in closed vessels, it yields chloride of amyl. 
(Reboul.) 

Ethylamylin, C*®H>*0* « C"fl®(C®H®)(C*H‘*)0®, prepared in like manner by 
the action of amylchlorhydrin on ethylate of sodium, is a liquid of specific gravity 
0*92, boiling between 238° and 240® C. ; burning with a bright flame, insoluble in 
water. 

^olyflyceiideB. These are glycerides derived from 2 or more molecules of gly- 
cerin, either by simple dehydration in various degrees, or by dehydration and the re- 
placement of the whole or part of the remaining typic hydrogen by acid or alcohol- 
radicles, r. g , : 


2C»H*0®-H*0 


2C*H«0* + 3C«II'’0-4H*0 


2C»HK)* + 2C*H®0 + HC1-4H''0 


8C*H*0® + 4C«H®0 - 6H*0 


H* 

(cm^y 

H 

(c>Tp)S 

(CW)H 

(C»IP)») 

(C*H®)n(r. 


1 0*. Pyroglycerin. 


0*. Triethyl-pyroglyccrin. 


0* Chlorhydro-diethyl-pyro- 
Cr glycerin. 


Tetrethyl-triglycorin. 


For the special description of these compounds sec Glycrryl, Hydrates of (p. 893). 

= (C®H®y".(I10)®. Principe doux des 


OXiTCBUr. C*H®0* 


... 

kuiltt, OMu», Odeucher. (Om. ii. 486.— xiii. 666; Gerh. I 763 ; ® 12 .)— Thu 

substance is produced from most of the fixed oils and solid fats existing in the o i 
of plants and animals by the process of saponification, that is to say, by treating tneso 
fatty bodies with an alkali, or other metallic oxide, in presence of water, or with water 
itself at a high temperature. It does not, for the most part, exist ready form^ in 
natural fats, but is formed from thorn, together with a fatty acid, by addition o 
elements of water, just as alcohol may be produced from acetate of ethyl. In s j 
glycerin is an alcohol, and bears to the fats, stearin, olein, &c., the same relation tua 
alcohol bears to the compfound ethers. (See Alcohols, Ethers, and <^YCBRinBa) 
was discovered in 1779 by Scheele, who obtained it in the preparation of lead-p^ter uy 
saponifying lard with oxide of lead. Chevreul (Rccherchcs sur les 
aninuUe, 1823) afterwards showed that it is a constant product of the . 

the ordinary fats, and pointed out the relations just mentioned; and weiwent 
•Midie. of .BertheloUAnn. Ch. [3] xli. 216) on the synthesis of fets by tb« 
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direct action of acids upon glycerin, have shown that this body is a triatomic alcohol 
in which I, 2 or 3 at of hydrogen may be replaced by acid radicles, producing fatty 
or oily compounds, some of which aro identical in composition and properties with the 
natural fats, stearin, palmitin, &c. 

Glycerin exists ready formed in a few vegetable oils, in palm-oil for example, from 
wliich it may be obtained by simple treatment with boiling water. Pasteur has shown 
lhat it is always produced in the alcoholic fermentation of sugar, to the amount of 
about 3 per cent of the sugar decomposed, and that it occurs in all fermented liquors 
especially in wine. (Compt. rend. xlvi. 667 ; xlvii. 224.) ’ 

Arti^al Formati ^. — Tribromide of allyl heated with acetate of silver yields 
triacetin, and triacetin treated with caustic alkalis, baryta- water for example Yields 
glycerin (Wurtz, Ann. Ch. Pliys. [3] li. 97): 

+ Ag»(C'^H=‘0)*0=» = 3AgBr + (C>IP)'"(C-1PO)»0>; 

Tribroraidc of 3 at. acetate of 'I'riacetlii. 

ullyl. fiilver. 


^Cqpy"(C2H»0)»0» + 313aIIO = Ba=>(CnFO)'0=‘ + (G=‘]P/"U»0*. 

Triacetin. 3 at. acetate of t)ariuiti. Glycerin. 

This reaction does not, liowovor, afford llio means of syiiMu ticnlly forming glycerin 
from inorganic constituents : for tribromido of allyl lias hitherto betni obtained only 
from iodide of allyl (iodotritylene), wliicb in its turn is obtained from glycerin itself. 
Tile process is therefore more strictly analogous to tlio formation of glycerin by ordimuy 
sjip jnifieation than to a true synthesis. 

Frti)aration, — 1. Hy saponification with oxide of -Five pts. of finely ptmndetl 
litharge aro heated with nine pts. of olive oil or any other glyceride and a small quan- 
tity of water, the mixture being stirrt'd, and the water renewed till the oxide of lead 
is converted into a plaster ; the watery liquid is then stq)arate(l from this plaster, and 
freed from lead by a stream of sulphydric acid gas, and the filtrate is evaporated to a 
syrup over the water-bath. 

For many years all the glycerin of commerce was obtaiueil by Ibis incIhfKl; but it 
was very apt to retain small quantities of lead, the preseiico of which is very objection- 
able in any therapeutic application of glycerin. 

2. From the alkaline mother-liquor of the soap-works (from which the soap has been 
separated by means of common salt), by neutralising with sulphuric acid; removing 
the excess of that acid by carbonate of barium ; evaporating the filtrate to a syrup; 
digesting it for several days witli alcohol; separating the aleiiholie liquid fnim the sub 
l)liate of sodium which crystallisc^s out; clecolorising with animal charcoal ; again eva- 
porating t j a syrup ; exliausting the residue with strong alcohol ; and finally eva- 
porating the filtered solut ion over the water-bath (Itiegel). This process is, however, 
too troublesome and expensive for use on the large scale. • i ir 4 

The separation of glycerin from spent soap-lycs may bt? more economically effected 
V)y means of superheated steam, a method of doing which has been patent/ed by 
11. Ki^riolds (loth of Juno, 1868). "riie liquid may be first reduced by evaporatjon, 
and raised nearly to the boiling point, by being passed through a heated still- 
like vessel, or heated in any other convenient Vessel. It is then passed into a 
st‘eond vessel, where it is mot by a jet or jets of superheated steam, at a 
tims of 3a0® to 400° Fahr., which raises it to the boding point and evaporates the 
glycerin, currying the vapour upwards with it, and leaving the salts to ^ 

the vessel, li OTeatirr purity is required, it may bo obtained by repeating the 
cess, and the little colour that remains can easily be removed by animal charcoal 

' the residue of the manufacture of stearic acid for 

tallow is saponified by lime, and the glycerin separates 

fatty acids in the form of a brown liquid, which may be i 5 

syrup, treating the residue with alcohol as above, expelling le » portion of 

tcred liquid by distillation, digesting the solution with ° j Uy^ric a^d. The 

the oxide is dissolved, then filtering and removing the lead y P J -g pp^. 

object of this treatment is to free the glycerin from a 

duco4 during the saponification, and forms with lead slicht yellowish tint* 

liquid, after being troated with sUlphydric acid 1^*^ ^ 

which may be completely removed by animal charcoal. 

A process better adapted for preparation Sewards 

iquid containing the glycerin from It is then l>oilcd andagita* 

t reated with sulphuric acid to remove the it has attained the den- 
ted lu a close vcs-sel to expel volatile fatty acids, b ft t „p,,tral if neccftsary, by tbs 

fifty of 1'07 (14° of Twaddell’s hydrometer), then rendered ueutra , J 


. Ba=>(CnFO)^'0=‘ f 

3 at. acetate of Uariuiti. 
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addition of oart>onate of lime. After this the boiling is renewed, and continued till tbs 
liquid marks 37*5® Tw. (specific gravity 1*187), when it is again cooled, and any fur- 
ther deposit of sulphate of lime removed by filtration. Finally, the liquid is concen- 
trated by evaporation to 49® Tw. (specific ^avity 1*246), and passed through waslied 
animal charcoal to remove the colour. This reduces the density to 46® Tw. (specific 
gravi^ 1*225), but by careful concentration, a fourth part of the water may be re- 
moved, and the density raised to 61*2® (specific gravity 1-256). 

This method, when properly carried out, yiel£ a very pure product, but it is some- 
what complicated, and unless great attention is paid to every part of it, small quant ities 
of lime are apt to remain in the glycerin, rendering it unfit for many purposes, espe- 
cially for use in medicine and pharmacy. 

3. By heating neutral fats vxith water or with steam , — This is the only unobjection- 
able method of obtaining glycerin, inasmuch as it alone ensures the entire absence of 
mineral impurities. It was first canned out by Mr. Tilghmaii in the following manner. 
The fat or oil having been thorouglily mixed to an emulsion with about half its bulk 
of warm water, is forced by a pump through a long coil of strong iron tubing heatej 
to about the temperature of molted lead, the pump being worked at such a rate l liat 
the liquid may occupy about ten minutes in travelling through the coil. On issuing 
from the coil, the liquid separates into two la} ers, the upper of w'hich consists of the 
fatty acid, and the lower of an aqueous solution of glycerin, which requires only to bo 
concentrated by evaporation. 

This process is very simple, and is capable of yielding very pure products. It has 
not, however, been carried out on a very lai^e scale in the form just described, but it 
appears to have led to the invention of the method by which nearly all the pure 
glycerin of commerce is now obtained, viz. the decomposition of the fats by distilla- 
tion in an atmosphere of superheated steam. 

The distillation of fatty bodies and the introduction of steam into the apparatus 
was first suggested by Chovrcul and Oay-Lussac, in 1826, and the process was after- 
wards carriea out, with various improvements and modifications, by several chemists 
and manufacturers, both in this country and in France. But all these processes Imd 
for their special object the preparation and purification of the fat acids, not of the 
glycerin ; uideed, the temperature employed was generally so high that the glycerin 
was completely decomposed, giving oflfintenstdy acrid fumes of acrolein, and le.Mving n 
charr^ residue. The distillation of fats in an atmosphere of steam in sucli a mauin'r 
as to obtain the glycerin as well as tho fatty acids, was first effected by the process 
above-mentioned, patented by O. F. Wilson and Q. Payne on the 24th of July, 1864. 
The process is as follows : 

An ordinary still and condensing or refrigerating apparatus is employed, prcfi'rciico 
being given to one with an ample refrigerating surface. The bottom of the still is 
heated by a fire provided with a damper to the flue or chimney, tliat the contents 
may not bo heated above tho desired tempera tore. In charging a still, a quantity of 
neutral or partially neutral fats is introduced into tho lieated st ill, and h<.*atod steam 
is introduced below the fats or oils, so as to rise up through them in immcrous 
streams, care being taken that tho temperature of the matters in the still shall not rise 
to the temperature which will decompose the glycerin. A thormometor is inserted into 
the still to indicate the temperature of the contents, and it is desimble in all cases with 
neutral fats and oils, to keep the heat below 600® and above 660® Fahr.; the glycerin 
is then not decomposed, but comes over very pure. When the fats or oils are only 
partially neutral, which is very commonly the case with palm-oil, tho draught of the 
fires may be quickened, and the process hastened so long as there are fat acids in tlio 
still; but as soon as the fat acids have passed over, if the temperature is mucli above 
600® Fahr., acrolein will probably be formed, particularly if steam be not freely sup- 
plied, its production being quickly indicated by its pungent smell, and its action on 
the eyes of persons pear the condenser. Charges have nevertheless been worked on 
at higher temperatures, keeping up a very plentiful supply of steam, and tho glycerin 
kaa not been decomposed ; still, there is no superior result obtained, whilst there is 
greater hazard of decomposing the glycerin. , 

It is, however, most convenient to retain the contents of the still rather under than 
above 600® Fahr. (keeping up a free supply of steam) during the whole process, 
whether the fats or oils be neutral or partially neutral. The external heat immedi- 
ately under the. still should be very moderate, tho heated steam admitted into the 
still being chiefly depended on for maintaining the higher temperature. RilFereut 
neutral ^tty and oily substances appear to vary in some deprree, but not to a great ex* < 
tent^ in regard to the temperature at which they may bo distilled most quickly in an 
atmosphere of steam without decomposing the glycerin. 

When a still with a refrigerator or condenser in successive rompartments is 
each provided with a cock to draw off the distilled and condensed products, wliich is |h®: 
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most conTMient arrangemeali it is found that the product whieii flow fw,™ ♦).- >.«« . 
of fte «»ndenee« are for the meet part free f«,™ watered 

of the glTcenn pauing off with the produeta which condense in the compSntTrf 
the condenser more distent froni the stall, where the temperature is lower 
and in all the recovers, the fet acids quick y separate from the glycen™ and wIuV 
when aUowed to stand Md i^l for a short time. The compartment of the condent; 
wiThin^ntiuTd*nd“^^^^^ the atmosphere, no pressure being necessary 

When the glycerin is required in a more concentrated state than it is when it comes 
over and IS condensed, the water contained in it may be more or less separated bv 
evaporation. ^ ^ 

The process of distillation just described may also be employed to purify glycerin 
pre^d by either of the old processes, such as saponification by lime or oxide of 
leaa. 

For the description of various forms of appardtus for distillinjr f\its witli superliealeil 
steam, see Richardson and Watiis Chemical Technology, i. part 3, p. 754. 

4. Lastly, glvcerin may be separated from fats by ’the action of hydrochloric acid. 
When castor-oil is dissolved in absolute alcohol, and liydrochloric acid gas is passcl 
through the heated solution for some time, and the liquid is agitated with waterj an 
aqueous solution of glycerin is obtained, surmounted by an oily liquid. On decanting 
the watery liquid with a siphon, eviiporating to a syrup, and treating the residue with 
ether, that liquid dissolves out the fatty acids of the castor-oil, and leaves the glycerin. 
(Eochleder, Ann. Ch. Pharm. lix. 260.) 

Troperties, — Glycerin, concentrated as much as possible by evaporation, is an un- 
crystallisable syrupy liquid, colourless, inodorous, sweet to the taste, neutral to test- 
paper. Its specific gravity is 1*260 at 16*6° C. (60° F.) When it is distilled per si\ 
only a small portion passes oflP undecomposed, but in an atmosphere of steam it distils 
without decomposition. 

Glycerin dissolves in water in all proportions. The following table exhibits tbo 
specific gravities and freezing points of aqueous solutions containing different per- 
centages by weight of glycerin. 



When an aqueous solution of glycerin freezes, only a portion of^ the water passes 
into the solid state, while a more concentrated solution of glycerin still renuiins liqui<l. 
(Fabian, Bingl. pol. J. civ. 346.) ■ • ^ 

Glycerin dissolves also in all proportions in alcohol and in eldornform, l)nt is insolu- 
ble in ether. 

Glycerin dissolves iodine in large quantity, forming an orange-yellow solution, 
without decomposition. Aqueous glycerin dissolves arsenions and more anundiuilly 
than pure water, the solution depositing part of the acid on standing, and more qmokly 
when boiled. (S ch iff, Ann, Ch. Pharm. cxviii. 86.) ^ ♦ 

With baryta, strontia, and lime, glycerin forms compounds soluble in water and not 
precipitated by carbonic acid. Even in the anhydrous state, it dissohes consn era » o 
quantities of potash and soda. It dissolves all dAignescent salts, and many otherfi, e.g. 
the sidphates of potassium, sodium, and copper, the chlorides of potassium an( 

^c. Aqueous and even anhydrous glycerin dissolves oxide of lead, ain , .J 

aoes not precipitato a solution of Ukc acetate of lead. Other l«.d.ee, « 

water, are not dissolved by anhydrous glycerin (Pelouze). 

mixed with a large quantity of glycerin is not precipitated by a a i « ouan- 

phideo (H. RoboT Sulphite ofclppcr mixed with glyeerm wth “ 

tity of poteob, a precipitate which dissolves in excess of pot.ish , ' 8 

, solution decomposes below 100® C., depositing bluish flakes. „,nitnhh nlkn- 

i' , Glycerin dis^lvea the dissolves or suspen^ he 

in the same manner/s 

for the same purposes as though mixed with oil. V I x c . • .//irt in tli.> Tironoriion 
it completed, oven cold, in all proportions. Sulphate of qe , ^heu 

of one-teith, issolves in it when hht, but when wild, separates... clots, which, wuen 
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tntu^ed with the eupematant liquid, give it the conaistence of a cerate, veiy useful foj 
frictions and embrocations. It is the same with the salts of brucine^ strychnine, veto, 
trine, and most preparations of the same order. 

Uses. — The solvent powers of glycerin, its unctuous character, and its property oi 
remaining liquid even at low temperatures, together with its perfect harmlessness 
render it a valuable agent in pharmacy, an excipient for various substances, and foi 
many other purposes, as in the prepanition of cosmetics. It is used also for mixine 
with soap, forming the “ glycerin-soap ” recommended for softening the skin. It haa 
been found very useful as an outward application in skin-diseases and inflammations 
of the mucous membranes of the nose, mouth, &c., and has been used in diseases of 
the eye and. ear, and as a substitute for cod-liver oil in the treatment of phthisis ; but 
its efficacy in these latter cases is not yet satisfactorily proved. 

Glycerin may also be used for preserving articles of food, especially those which 
require to be kept moist, as sugar, fruits, chocolate, &c., enclosed in tin cases. Meat 
keeps well in it, retaining its flavour and softness. A very useful application of it is 
to mix with tobacco for the purjx)se of keeping it moist. 

Barreswil recommends the use of glycerin for keeping modelling clay moist. It is 
also useful as a solvent for gum-arabic and white of egg, the solutions remaining 
unaltered for a long time, and for aniline-violet {anileine or indisini ^ ; the solubility 
of this colouring matter in glycerin has not been exactly ascertained, but it appears to 
dissolve more freely in that liquid than in alcohol or acetic acid. (C. G ros - 11 en aud, 
Il4p. Chim. app., 1869, p. 427.) 

Amadou (Technologiste, January 1858, p. 191), describes a process of madder- 
dyeing with the aid of glycerin. Alizarin and alcoholic madder-extract dissolve in 
glycerin even in the cold; at higher temperatures more quickly and in larger quantity, 
so that the liquid acquires a deep scarlet colour. The alcoholic extract of madder ducH 
not yield any deposit on cooling, or on addition of water, bub the solution of alizarin 
in glycerin deposits red flocks on being mixed with water. 

Messrs. Vasseurs and Houbigant have patented (May 21, 1858), the applicat ion of 
glycerin for the preparation of ink, pjiper, and other materials. Glycerin diluted with 
four or flve times its W(.*ight of water, imparts to paper the peculiarity of retaining a 
permanently damp condition, so that, in taking copies of letters, &c., -written on paper 
so prepared, pressure and damping of the copying paper will not be required. Tlio 
writing paper may be prepared cither l>y introducing glycerin into the pulp of which it 
is to be manufactured, or by damping it therewith after it has been made up into 
books or otherwise. Or, ink may be prepared or combined with glycerin, and writings 
effected with the ink so treated will remain for a long period in a sufficiently damp 
state to allow of copies or impressions being taken without pressure or damping of tho 
fcopying paper. 


Glycerin may also bo employed, instead of common salt, for preserving untauned 
skins and hides, especially when intended for exportation, and tluirefore requiring 
rapid means of applying a preserving agent. Paste, cement, mortar, mastic, and other 
fnatters, especially when intended for daily use, may be treated with glycerin, in order 
to keep them in a suitably damp condition ; this treatment will also have the effect of 
preserving them from frost. Vesicatory or blister paptr, lint, and textile fabric^ 
particularly cloths, rags, and bandages, intended for medical or surgical purppsefi, 
may be treated with glycerin to render them absorbent 
As glycerin never freezes, and is not altered by exposure to the air, it may be ad- 
vantageously applied as a lubricator for delicate machinery, such as clockwork. Por 
this purpose it is superior to the purest oleiu or oleic acid, the lubricants commonly 
used, as the former thickens by oxidation, and the latter solidifies at a few degi^; 
below the freezing point of water. It may also be added to the water of gas-meters 
prevent free^g and evaporation. The introduction of a few drops of it into tho tubS 
of a mercurial pressure-gauge is said to prevent the mercury from sticking to tho 
of the glass, and thus enable it to record the pressure more exactly. (F riedheim, 


Dingl. toI. j. clxyi. 237.) 

Lastfy, it is well adapted for filling the floating compasses used on board screw- 
steamers, being preferable for that purpose to water, alcohol, or fluid tar, the liquids 
hitherto employed, ttecaiise it neither solidifies in cold, nor evaporates in hot climat^; 
(Santi, Cortipt. rend. li. 1093.) 

_ J^nipwities and Adulterations. — Glycerin prepared by the older methods (1 
p. 876) is apt to be contaminated with small quantities of lead or lime. The 
hiay be detected by sulphydric acid; the latter by dissolving the glycerin in its 
Tolumd of iidcohol containing 1 per cent, of sulphuric acid, in which cafeSj if lime iff 
t>reeept) a precipitate will beformed. (Cup, J. Pharm. [3] xxv. 81.) . vj, 

^ Glycerin prepared by distillation is free from these and all other mineral iihpuri^0j, 
bub the great extension which has of late years been given to the indastriiil Hppiioft oltt 
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the tod of sugar employed for adultcrat.ou, by examining the Injuidwith ^ S 
hght, ina^uch as aU kinds of sugw (excepting n.aunite, which is too 00*11^^ 
purpo^) turn the pkne of polarisation either to the right or to the left, whcreS! 
cenn is totally destitute of optical rotatory power. The only kinds of sugar likelf to 
bo used for adulterating glycerin are cane-sugar, starch-sugar, and syrups eonbiinitm 
uncrystallisable sugar (p. 864). The two former of tlieso sugars turn^tlm piano of 
polansatioii to the right, though in different degrees ; the third turns it to 4e left • 
moreover cane-sugar when boiled for about ten minutes with one-tenth of its Yolumo 
of strong hydrochloric acid, is invert is, converted into laevo-rofotory, uncrystalli- 
sable sugar (p. 864), whereas starch-sugar (dextroglucose) remains unaltertnl wh4 thus 
treated. The direction of tlio rotat(ury power posses.Med by the solution before and after 
treatment with hydrochloric acid, serves therefore to distinguish between those two 
kinds of sugar. The optical method serves also to determine tlie quantity of either 
kind of sugar used to adulterate the glycerin ; but for the mode of applying it for this 
purpose, we must refer to tlie article Sacchauimetiiy. 

Another method of detecting and estimating eitlier kind of sugar in glycerin is by 
means of ohlorofopn, in whicli glycerin dissolves with ease, wluTcas cane-sugar and 
[jrlucose are quite insoluble. The liquid is first heated to expel the water eoutainod in 
it, then mixed witli chloroform ; the whole is then poiued upon a taivd (ilt er, and re- 
peatedly washed with chloroform, after which the filter with its contejits is dried at 
lOO® C. and weighed, (ralin, Zeitschr. anal. Cliem. 1862, p. 48G.) 

The presence of glucose may also be deteeU.'d by boiling tlu; liquid with caustic 
\)otatih or soda : if glucosi' is pri‘sent, a brown colour will be jjroduci-d, wherefis glycerin, 
L‘it her pure or adultorattHi only with cane-sugar, will not product' this colour (Cup; 
l*alm ). According to Palm, the presence of eane-.siigar may be delected by adding a 
ih'op or two of dilute sulphuric acid, and boating the liquid in tlie wai.er-batli till all the 
water is oxpidlcd; if caim-sugar is pro.sent, the liquid ultimately blackens, an effect 
which is not produced by glycerin, eitlier pure or containing only glucose, 
.Di'compusitions. — 1. Glycerin distilled per .sv* pa.s.ses over partly imal I ered ; but tho 
croater portion suffers decomposition, j’iolding acrolein, acetic acid, ernj)yreumati<? 
)il, combustible gas, and carbonic anhydride, together with polyglyceric eompoimds 
(p. 894). — 2. DiatilUni with pkosj/korio anhydride, it yields a distillate of pui*e 
iicrolein (C®H*0 == C*H"0* — 2ir''0),--3. .T)i.stillcd with acid sulphate of poiassiim, 
it also yields acrolein, but mixed with acrylic acid and otlier secondary j)r()dnets, 
likewise giving off sulphurous anhydride, and leaving a carls)naceous residue.— 
4. With free access of air, glycerin hums with a clear Haine like* an oil. -5. Anhy- 
drous or nearly anhydrous glycerin in contact M'ith platinum-black, becoim s hcaletl, 
^ives off a slightly acid vapour, and, aecorrling t(» Dobereiuer, is con^e^t^•d into a 
noil- volatile, uiicrystallisabht acid, which, wdth aid of hc'at, reduces mercurctus nitrate 
imd nitrate of silver. If the experiment be made in oxygen gas over meieuiy, 
complete absorption takes place in a few hours, the same acid is forun'd, but is ulti- 
timte^y eonveided into water and carbonic anhydride. — 6. Wlicii the aipieous solu- 
tion of glycerin is evaporated in contact, with flic air, a Virown substance is tormerl 
which is precipitated by basic acetate of lead.— 7. Glycerin is rapidly decomi.osed 
peroxide of 7 Hangan( Se. and hydrochloric or sidphiadc acid, yielding ciU’bonic anhydride 
find a large quantity of formic acid. — 8. Glycerin is oxidised by nitric acid, the natur»v 
of the products varying accordiiig to the maniier in which the action take.s place. If* 
if be. moderated by external cooling, and by carefully pouring the nitric acid Ig the 
bottom of tho aqtieotis glycerin, so that tln^ liquids may mix gradually, the chief 
products are oxalic acid and glyceric acid, Cm^O* (p. 676). When syrui>y glycerin is 
udded by drops to a mixture of equal volumes of strong nitric 

cooled by a freezing mixture, a substitution-product, nitroylycinn, , is 

formed.— 9. Glycerin dissolved in a large quantity of water, and cxpos<-d to the air tor 
several months in contact with well-washed yeast, gives off a tew ga.s-bubbles, ami is 
couvorted into propionic acid (lledt.cnbachcr).-lO. A «>odc;auy concon 
a^dfeous solution of glycerin (1 pt. glycerin to 10 pts. water) oxiwsed to diffusetl ’.y- 
in an open flask in contact with certain animal meiidrranis {\\ic mtmbrane of 
^0t^ticle unsw^ers best), is converted, in an interval varying from one to I 

P^glucose (Berthelot, p. 857). aiycerin gently healed with 
^ converted into acetate and formate of [lotassiuin, with evolution o 131 6 ' • 

+ 11*0 = C-H*0‘^ + CIPO' 4 H\ 

^ith cupric acetate or sulphate, glycerin forni-s a deep blue liquid, ^\bich deposiU 
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ft small quantity of cuprous oxide when boiled. Potash added to the mixtupe 
throws down a precipitate which dissolres in excess of potash, and the liquid thus 
formed deposits bluish flakes at 100® C. — 12. From solution of trichloride of 
gold glycerin throws down a dark pui^le powder. — 13. Glycerin enclosed fop 
severe months in a bottle fliled with chlorine, is converted, with formation of hydro- 
chloric acid, into a syrupy liquid, from which water separates flakes of a white 
fhsible substance, haying an unpleasant ethereal odour and a harsh bitter taste.— 
14. Glycerin heated in sealed tubes with bromine and water, yields hydrobromic and 
glyceric acids, together with bromoform and carbonic anhydride (Barth).— 16. When 
bromine is diopp^ into heated anhydrous glycerin, acrolein is formed, together with 
an oil containing a small quantity of dibromhydrin, but probably consisting chiefly of 
bromacetic acid, as, when treated with boiling water, it yields a considerable quantity 
of glycollic acid (Barth, Ann. Ch. Pharm. exxiv. 341).— 16. Glycerin dissolves iodine 
without decomposition. — 17. "With di-iodide of 'phosphorus, it yields trityleno-gas, a 
distillate of water and iodotritylene (iodide of allyl), and a residue containing oxygen- 
acids of phosphorus, together with free iodine, undecomposed glycerin, and a trace of 
red phosphorus. The principal port of the action appears to take place as represented 
by tne equation : 

C*IW + PP = C’H'I + PTPO® + I. 

Glycerin. lodii^c of Phoisphorous 

^llvl. Kcid. 


18. With trihromidc and pentalyromide of phosphorus glycerin yields the hro m h y dr i n s 
(i. 667) ; several liquids which volatilise in vacuo at 200® C. or above, and a ppeap 
also to be bromhydrins; a brominated compound, volatile between 66® and 67^0,; 
acrolein; and dibromallylphosphino“P.H.(CTPBr)“ (Borthelot and De Luca, Ann. 
Ch. Phys. [3] xlviii. 304). — 19. Similarly with trichloride and pentachloride of phns- 
jpAortta, glycerin yields the chlorhydrins (i. 893) though in small quantity only; 
most of these compounds are more readily produced by the direct action of hydrochloric 
acidiipon glycerin (Berthelot). — 20. With chloride ofsidpkur, glycerin yield.s diclilor- 
hydrin and another compound, which appears to be a glyceryl -sulphurous etht'P ; if, how- 
ever, the glycerin is heated for a considerable time with a larger exef'.ss of eliloride of 
sulphur, trichlorhydrin is prodiieed (Carius, Ann. Ch. Pharm. exxii. 222, footnote). 

21. Glycerin heated with acids is, for the most part, transformed into glycerides or 
glyceiylic ethers (p. 877), the proportions of the acid and glycerin wliich enter into 
the combination varying according to the proportions in wliich they are, mixed, tlie 
temperature and pressure to which the mixture is snhjocted, and the time for wliieli 
the action is continued : in most cases two or more compounds arc formed at tlio same 
time. Thus, with acetic acid it forms the aeelius (i. 25), with citric add tlie eilrins 
(i. 1001), .with phosphoric anhydride or glacial phosphoric ackl, it yiidds glycero])hos- 
phoric acid, C’H’’PO* (p. 891); witli strong sulphuric add, glyccrosulj^lniric acid, 
C*H"S(P (p. 892). With cyanic add it forms allophniiatc of glyceryl, C’*IP0“,(01IN0)’ 
(i. 134), With hydrobromic and hydrochloric adds glycin’in forms the broTnliydrins 
and chlorhydrins. When saturated with hydriodic add and heated to 100'^ C. for forty 
hours, it yields the so-called iodhydrin, C®H”IO* (Berthelot), which is a derivativo 
of pyroglycide (p. 894): (C*H*)m‘-’OHHI~H'^0 = C'=H’»IO»; but when heated with 
a saturated solution of the same acid to 146® C. for five hour.s, it forms a solid black 


substance, and a liquid which yields, by distillation, iodide of allyl, C^H'^I, This com- 
pound is also formed abundantly when glycerin is distilled with liydriodic acid ; if, 
howerer, the proportion of the latter is increased, tlie iodide of allyl gradually dis- 
appears, and is replaced by iodide of trityl, C*H’I. The brown or black residue of the 
distillation yields, when distilled with water, white needle-shaped crystals insoluble in 
water. If the same residue be exhausted with alcohol, the solution evaporated over 
the water^bath to a syrup, and then mixed with potash, a brown solution is formed 
which deposits white aromatic iodated crystals, not yet examined. (Erlenmcyer, 
Zeitsch. Ch. Pharm. 1861, pp. 362, 673.) 

JfftroftljoeHii. « C*H*(NO*)’0*. Glondin . — Discovered by Sobrero 


fdidion* — 1. A hundred grammes of syrupy glycerin of specific gravity 1*262 aw 
IT a^ed to 400 c, c. of nitric acid of specific gravity 1*62, immersed in a 


being continually stirred, the temperature allowed to fall R 
addition, and never to rise above 0®, A homogenew 
bMD of strong sulphuric acid are graduiu^ 

^;j^jittj(xtur© being p^l kept below 0®. The oily nitroglycerin (200 

feats on the simace is separated by a tap-funnel from the acid 1*9^^ 
Yields 20 Arms, more of nitroglycerin on being diluted with water), and dia^w 


i 
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in the smulleet possible qnwtity of ether : the solution is repeatedly shaken with water 
till the water no longer reddens litmus ; the ether evaporatecfTand the remainiug 
glycerin hea^ OTer the water-bath till it« weight .remains constant. The product 
umonnta to 184 grms. of pure nitroglycerin (D e Vri j). According to Railton nitro- 
glycenn is decomposed by evaporation, even in vacuo over sulphuric acid, at ordinan 
temperatures. •' 

2. Half an ounce of dehydrated glycerin is poured, with constant stirring, into a mix- 
lure of 2 oz. of od of vitriol and 1 oz. fuming nitric acid of specific gravity 1*52 the tem- 
perature of the mixture being kept below 25^ C. bv external cooling with ice ; and as 
soon as oily drops begin to form on the surface, the mixture is poured, with constant 
stirring, into 60 ounces of cold water. Nitroglycerin then separates, and may be puri- 
fied by wasbiug and drying, in small portions, in a vapour- bath. (Liehe, Arch. Pharm 
ciii. 168; civ. 282 — See also Sobrero, Rep. Chiin. app. ii. 100.) 

Properti ^, — Nitroglycerin is a light yellow oily liquid, of specific gravity 1*596 to 
1 -COO, at 16" C. (D e V rij) ; inodorous, but has a sweet pungent aromatic taste, and wlien 
placed upon the tongue, oven in small quantity, produces headaclio, wliicli lasts for several 
hours (Sobrero). Slightly soluble in water, more soluble in alcohol and in ether. 

Nitroglycerin, when left to itsodf, frequently undergoes siiontanoous decomposition, 
but-, when well purified, it may be kept for a long time without alteration. D e 1 a Ru e 
and Muller (Ann. Cli. Phann. cix. 122) found glyceric acid among the products of 
d(‘composition of nitroglycerin, which had been left to itself in an apartment the tem- 
perature of which rose sometimes to about 30° C. Oxalic acid was likewise formed, 
together wdth an acid the barium-salt of which was not crjstallisable. At 160° C. it 
decomposes, with evolution of red vapours, and at higher tomperatures sometimes 
explodes witli siilRcicnt violence to shatter tlie containing vessel; sometimes takes firo 
without explosion. It detonates when struck. Mixed with fuming kj/driodio acid, it 
decomposes below 100° C., yielding glycerin and pure nitric oxide (Mills). Its 
cllicnail solution is decomposed by sulpkydrh acid^ with copious precipitation of sul- 
phur (Do Vrij). Nitroglycerin, heated with aqueous poiashy is decomposed, with 
iormution of glycerin and nitrute of potassium (Railton): 

+ 3KITO = C IPO® -i- 3KNO®. 

According to Gladstone, nitroglycerin exhibit.s dilferont properties according to 
I lie manner in which it is prepared. Ordinary hydrated glycerin added to a mixluro 
of 3 pts. sulphuric and 1 pt. fuming nitric acid, is converted into a liquid wliich delo- 
Diitos violently under the hammer; but anhydrous glycerin treated in like manner 
yif'lds a non-oxplosivc body which burns without noise. Both kinds of nitroglycerin, 
wlien exposed to a mixture of solid carbonic acid and alcohol, become gummy, and 
{issumo the appearance of fatty acid.? ; and both decompose spontaneously, with ©volu- 
tion of red vapours. A sample of nitroglycerin which decomposed in thi.s manner on 
ex])osnre to summer sunshine, yielded cry.stals of oxalic acid, together with two liquids, 

I lie upper of wdiich contained nitric acid, ammonia, oxalic acid, hydrocyanic acid, and 
olhcT componn(i.s not examined (Reports of the British Association, 1866 ; Jalircsb. 
f. Cliom. 1867, 479.) Mills found that nitroglycerin kept for a fortnight no longer 
exploded when struck, but sliow'ed no signs of decomposition or chemical alteration. 
{Communication from G. C. Foster.) 

0&YCEROCXTRXC ACXB. Citroghfceric Obtained by heating a mix- 

ture of glycerin and citric acid not strongly enough to produce the citric ethers of gly- 
cerin described atp. 1001, vol. i. (Van Bominelen, Scheik. Onderaoek. ii. 1; Jiihre.sb. 
1859, p. 434.) Lourenyo has obtained a glycerocitric acid containing (p. 894). 

G3bTCBXtO»OaU.XiXC ACXX>a Oxahglyccric acid. - This acid is produced when 
oxalic acid is boated with glycerin, before the tempepture has risen 
to induce the resolution of the oxalic acid into formic acid and carhomo oxkIo (p. 

Its calcium-salt is soluble in water, and the solution is not precipitated by a co lo , u 
deposits oxalate of calcium when heated after addition of ammonia, (Van emm© en, 
lop, cit.) 

GKTCXmOPHOSPBORXC ACIB. • Phosphuglyccric acid. C*1I 10 ** 

/ctpV” (PeloBze, Compt. rend. xii. 718 .— Gobley. J. Pharm, [3], ix. 161; 

*i. 409 5._Om, ii. 492 ; Gerh. i. 770.)- This acid exists in the 

in the brain (Gobley), and is produced by the action of 
anhydride on glycerin (Pclouze). To obtain it in this uay, ^ J . 
excess of ^osphoric anhydride; or glacial phosphoric i barvta-iwiir! the 

waten anS nStralised, first ^th carbonate ofJjanj.mJh^n, -yh 


water, and nentralised, first witn caroonate m ^ j. 

solution is filtered from phosphate of barium, and p*;'' “ 

ttcid just suificielit ♦■o precipitate the Iwryta; and the filtrate is e . [ 
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' To ob.iiin it from the yolk of eggs, that substance is freed from the greater part of its 
water by heat, then exhausted with boiling alcohol or ether ; the filtrate evaporated ; 
the residue, consisting of egg-oil and a viscid substance, collected on a filter and left to 
drain in the hot air chamber till the greater part of the oil has run off ; and the 
residual viscid matter is pressed between folds of paper, renewed as often as any oil Li 
^thereby extracted. The soft, orange-yellow, translucent mass, smelling of yolk of egg, 
is then heated with dilute potash in the water-bath for 24 hours ; the solution slightly 
supersaturated with acetic acid, and filtered from oleic, margaric acid, &c, ; the filtriite 
precipitated with neutral acetate of load; the precipitated glycerophosphate of lead 
washed, suspended in water, and decompo.sed by sulphydric acid ; the filtrate conccn- 
Ttrated bjf^entje evaporation, and freed from a small quantity of hydrochloric acid by 
iigitatiott with ^ small quantity of oxide of silver and filtration ; the silver precipitated 
by sulphy^ic acid ; the filtered liquid freed from a small quantity of acid phosphite of 
calcium by saturation with lime-water ; the liquid separated by filtration from tlio 
pliosphate of calcium, and the solution of glycerophosphate of calcium evaporated to the 
crystallising f>oint. The crystals Jire purified by again dissolving them in water, filter- 
ing, and re.crystalli8iijg ; the lime precipitated from their aqueous solution by an oqui- 
valtMU quantity of oxalic acid ; and the filtrate cvaponited in vacuo. (Gobley.) 

Glycerophosphoric acid is also produced by the action of baryta- water on keithin^ a 
phosphoretted fat contained in the brain. (Strecker, Compt. rend. lii. 1270.) 

Glycerophosphoric acid is an uiicry stall isable liquid. It may be concentrated by 
evaporation to a certain point, but beyond that it decomposes into phosphoric acid and 
glycerin. When concentrated in vacuo, it thickens and becomes viscous. It has a 
very acid taste, is ver}’ soluble in water and in alcohol, and yields, when carbonised, a 
strongly acid cinder. 

The glycerophosphates arc for the most part soluble in water, but insoluble or 
sparingly soluble in alcohol. 

^0 barium-salt^ (at 150° C.), is very soluble in water, and is precipi- 

tati^wi from the solution by alcohol. 

The calcium-salt, C'^II'Ca'TO® (at 120° C.), forms snow-white, pearly laminus in- 
odorous, but having a rather sharp taste. It sustains a heat of 170° without dccoin- 
posilion, but blackens at a somew-hat stronger heal. When boiled down with linio 
and water, it is resolved into phosphate of calcium and glycerin. It dissolves much inoro 
abuudantly in cold than in boiling waiter, so that it separates almost completely from 
the cold solution on boiling. From the aqueous solution it is precipitated by ulcoliul. 

The lead-salt, C ‘iFPlj"PO“ is iusuluhle in water. 


GXiTCSROsirXipairRXc acxb. 


Sul'idi! 'cjl^ccric Add. 


(cmT 

CUPSO®- (SO-)" 

IP 


O'. 


— (I’clouzc, Ann. Ch. Fhys. Ixiii. 21 ; Gm. ix. 494; Gorh. i. 770.)— Prod uc<!d by the 
action of strong sulphuric acid upon glycerin. 1 pt. of glycirin is mixe^l with 2 j)t!?. 
sulphuric acid; the mass, when cold, is dissolved in water; the solution saturated with 
lime, filtered, and evaporated to a syrup ; the crystals of the calcium-salt which separate 
oil cooling are colhicted and dissolved in water ; the lime is prccipitiited from the solu- 
tion by the proper quantity of oxalic acid ; and the liquid is filtered. 

liy this process, lujurous glycerosulfhuric acid is obtained in the form of a colourless, 
inodorous, strongly acid liquid, which is so un.stable that it decomposes into sulphuric 
acid and glycerin when evapornt^d in vacuo at a few degrees below 0° C , oven if it 
still retains a considerable quantity of water. 

The aqueous acid* decomposes carbonates. The glycerosulphatcs decompose with 
great facility, and are very soluble in water. The potassium and calcium-salts yield, by 
<lry distillation, sulphurous anhydride, acrylic aci^ acrolein, and secondary products of 
deconqiosition. (Bedtenbacher, Ann. Ob. Pharm. xlvii. 118.) 

The hanum-salt is decomposed, when its aqtioous solution is heated with baryta, even 
jislow 100° (3*< into sulphate of barium, which is precipitated, and an aqueous solution 
of glycerin. 

The calciim^Mlk forms colourless needles which have a bitter taste. 

te; between 140° and 160° C., emitting au intolerable odour of 
j^veS) first a carbonaceous residue, tlien a white residue of sul- 
aqueous solution is not decomposed by lime-water at ordinary 
^ boiling for a short time with lime-water, it contains sulphate of 
ilised suit dissolves in less^than 1 pt. of water, but not in alcohol 



its Uro soluble in ^waftir. 

{schwefeldlige Sdure), which Dulk obtained by treating 
^raphuric acid, aitd eulphadipic acid obtained in like manner 
wjgfe proaps identical with glycei*osulphuric acid. 


0^ — Produced by heating eqTi 


GLYCERYL ; BROiMIIYDRATES. fl<)3 

MTOSBOTAItTMIO &CIBS. By lioating tartaric acid and glycerin ir. 
Tanous proportions andto yanons temperatures, four acids are obtained, the formation of 
which IS attcMed mth ehmination of quantities of water less than would ho required 
for the formation of normal glycerides (p. 877). They are composed as follows : 

Glycerotartaric acid . . . C’H'’0' = C’IT»0’ + - IPO 

Glyceroditartaric acid . . . C'*I1'«0‘* == + 2C‘H*0* - 2JI-0 

Epiglyceroditartaric acid . . « C*n'’03 + 2C^H®()« ~ 3TTH) " 

Glycerotritartaric acid . . . = C*H®0* + 3C^n«0“ - 2WO 

The first of these acids was discovered by Bci-zeliiis (TraiU de Chimie): the other 
three by Des Plats. (Compt. rend. xlix. 216.) . 

{CHP'r 

Glycerotartarie acid^ = (CWO-)*' 

valent quantities of glycerin and coarsely pounded tartaric acid (or effloro.sced para- 
tartaric acid), to about loO^^C. (Berzelius); by heating equal weights of glycerin aad 
tarUric acid to 100<^C. for forty hours (Dos Plats). Tlie uiixturo on cooling is trans- 
parent, and solidifies to a soft ropy mass. It is inodorous, has a faint but purely acid 
taste, absorbs moisture from the air, and changes to a thick syrup. It is insoluble in 
pure ether, but dissolves easily in ctlier-alcohol. In the syrupy state, it may be pr<^- 
perved unaltered. Neither carbonate nor acetate of potassium, added to it in sinull 
quantity, produces any precipitate of acid tartrate of potiisMium. 

The syrupy acid, mixed with a large quantity of water, is partly resolved into 
glycerin and tartaric acid; the decomposition is accelerated Viy warming ilm liqul<l, 
but on evaporating the mixture and again beating it to 150° C., the glycerotartaric 
acid is reproduced. 

Glycerotartaric acid expels carbonic acid from alkaline and eartliy carbonates, form- 
ing soluble salts which have a gummy aspect. The glycorotartrates are insoluble in 
alcohol, which precipitates them from aqueous solution. They are tnsteh'ss. The 
neutral salts, dissolved in a largo quantity of water and evaporated, decompose, 
yielding glycerin and tartaric acid (Berzelius). The decomposition is acetderatod 
by addition of baryta- or lime-water. (Dos Plats.) 

The barium-salt contains C'^n^*Ba"0“'. 

Glycerotartrate of calcium, C^*IP^Ga"0** + 3aq., is prepared by Katiinting afjiieor.s 
gl)fccrotartaric acid with carbonate of calcium, evaipoRitiug, filtering to reniuve a 
quantity of tartrate of calcium which separates in confused crystals, and adilirig 
alcohol to the concentrated solution. It then separntes in the form of a thick pulp, 
which sticks to tho sides of the vessel when tlie rujuid is agltati'd; the |)ortion which 
remains suspended in the alcohol takes several days to settle dowm. On dissolving 
the precipitated salt in a small quantity of water, and liltering to separate any small 
jwrtion of tartrate that may be present, a colourless solution is ol)t;iined, whicdi niny 
be evaporated without decomposition at a gentle heat. The residue, forms a colourh'ss 
mass, having tho lustre and aspect of glass, and splitting when dried. The salt, is not 
deliquescent; it cannot be deprived of its crystallisation-water witliout decomposition. 
(Berzelius.) 

(cm^T ] 

Glyccrodiiariaric acid, C"n’®0’* =. 2 (C'ir‘ 07 - j 0®. — Obtaln^^^^ 

equal weights of glycerin and tartaric acid with a certain quantity of wafer to D. 
for fifty hours. It is dibasic, its barium- and calcium-salts having tlie conifjo.sition 
C‘»II»WO*». (Dos Plats.) 

(cmT ) .,7., 

2(C*IP0=/’'/0*. — This acid, which 
IP ) 


dibasic, i 
(Dos Plats.) 

Epiylyceroditartaric acid, 

is related to the preceding in the same manner as epidiclilorhydrln to 
is obtained by heating equal weights of glycerin / r, ^ plats.) 
monobasic, the barium- und calcium-salts containing G D * * 


Glycerotritartaric acidy C**H”0** =* 3 (C^H* 0 *)*' 

H'* 


d**;i-Obtaiiied by heating 


^ PG glycerin with 20 pts. tartaric acid to 140® C., or 1 pt. 

15 pta. tartaric acid for 30 hours. It is tetrahasic, the barium *’4 


tainingC»H*«(M")* 0 » (I)08PlatB.X ^ Vli 

nnornn, cot. The triatdirfcWicle of glycerin |ud a^^ 

GXiTCnT&» BSO»Wn>lLaTB8 and s»oa«x»» o» 

liYOHiKs (i. 667). 
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H^TOBBTZi, OH&OUmtaLTBS and OBJ^OUOfl OV. See Gaioi, 
(i. 893.) 

mUiTCUBTli, BYBltaTSS OB. Besides glycerin, which is the normal 
^rdrate of gWceryl, three others are known, which are luialogous in constitution to 
j^e polyethylenic alcohols (p. 676), and may be derived from jglycerin by dehydration 
th(g same manner as the polyethylenic alcohols are derived Som glycol ; thus * 



in or Pyroglycerin 


'cido or Pyroglycide 






" H* 

. 2C»H«0» - 

H*0 

n* 1 

. 2C»IPO* - 

2H*0 

(c»Tp)*, 
“ H* 1 

. - 

2H*0 

" H* 1 


Jo. 


0» 


O* 


0» 


^l^itio^^to these compounds, which have been actually obtained, the hypothetical 
jr'^lyride^ C*H*0*, must also be mentioned, which is the alcohol of the glycidic 
others, and is related to glycerin in the same manner as pyroglycide to pyroglycerin dif- 
fering from it, that is to say, by 1 at H*0. * 

The polyglyceric compounds are obtained by distilling glyceric chlorhydrin with 
excess of glycerin, in the same manner as the polyethylenic alcohols are obtained from 
glycolic brorahydrin and excess of glycol (p. 676). When glycerin, diluted with one- 
tMrd its bulk of water, is saturated at 100^ C. with hydrocliloric acid gas, an equal 
of glycerin then added, the whole heated to 120° C. in a flask with ascending 
■^ing tube, for 12 — 15 hours, and then distilled, water and hydrochloric acid pass 
||p8 the temperature rises to 150°, — then between 160° and 275°, a distillate (A), 
^ Sting of dichlorhydrin> together with the chlorhydric ethers of the polyglyceric 
bhols. (L o u r e n 9 o, Compt. rend. Hi. 369.) 

Diglyeerin or Fyroglyceriny C*H"0*. — The brown residue, distilled between 
220° and 230° in rarefied air, yields pyroglycerin, as a tloick liquid insoluble in ether, 
sparingly soluble in cold, easily in hot water, miscible in all proportions with alcohol. 
Its formation is represented by the equation — 

C*H*03 + C*H"C102 - + HCl 

Glycerin. Chlorhydrin. Pyroglycerin. 

(C‘H‘)* 

CMorhydrodiethyl-pyroglyccrin^ C‘®II‘‘ClO^ -» (C'^Il*)* 


H 


, — ^Produced by heat- 


ing diethylin (p. 884) with epichlorhydrin to 200° C. 

+ C^H«C10 » C»»H"C10«; 

also, together with ethyl- and diethyl-chlorh^drin, by heating epichlorhydrin with 
to 200° C. It is a yellowish oily Hquid, of sp. gr. I'll at 17° C., boiling at 
286 , sparmglv soluble in water, miscible in all proportions with alcohol and ether. 
(Reboul and Louren 90 , Compt, rend, Hi. 401.) 


TriethyUpyroglycerin^ 


(C*H*)* 1 0*. — ^Produced, together with diethyhn 

and tetrethyl-triglycerin, by the action of epichlorhydrin on ethylate of sodium [? con- 
taining alcohol]. After all the diethyHn has passed over, the portion which distils 
Detw^n 280° and fl00° C. is collected apart and rectified. 

Triethylpyroglycerin is a colourless oily liquid, of sp. gr. 1*00 at 14° C., boiling at 
Bimut 200 , scduble in water, alcohol, and ether, and precipitated ftom the aqueous 
solution by carbonate of potassium. (Rehoul and Louren 9 o, loo oit.) 
t> paaS^over after the pyroglycerin, between 276° and 

as a liquid s^^ilar to j(ilK<^J||m|er, but more viscid and consistent. 

‘*^|he temperature rises to products of continually greater compleiity pass 

f in the preparation of the '^l^ethylenic alcohols. 

I oily residifeboiliiigiihofe 

i#uter,4i^ (Beboul and Lour 61190 .) 




Wiyl-pyroglyoerin be distilled in air rarefied 
At about 200°, as a yrilowisb liquid^ of spedflo 
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»..ui.^puenc pressure between 170° and 270® OE 
(and coMietB of dichlorhydzili, top^ther wjtli the chlorhydrie ethers of the poly/tlyceriiB* 
alcohols) by MuUondy decomposing the portion boiling between 230° and 270® wl#% 
ignited potash, disti^ the hquid decanted from the chloride of potassium whicfrC 
separates, and collecting the portion which goes over between 246° and 266®. It ii 4 v 
colourless oil, soluble in water and in alcohol, insoluble in ether. * 

Polyglycerio compounds may also be obtained by distilling glycerin imde? TO 
ordinary atmospheric pressure, and treating the portion which goon over between 186® 
and 260® C. with ether. The undissolved portion boils at a temperature Sre 300® 
under a pressure of 10 mm., and yields polyglyceric compounds. The glycSu is, ner^ 
haps, first converted into glycide, by loss of water (C*H®0* - H*0 « ^d*3ie 

glycide then unites with 1, 2, or 3 at. glycerin, forming the polyglyceric compOundi.' ‘ 
(Lonren 90 .) 

aiiTOBUTX^ XOUBmtaTBS Ol*. See loDBTDRiNS. 

OXiTCnn, oxxsa or. C*H“0*. = O'— Obtained by the ae^n et 

potash on iodhydrin. It is a liquid soluble in ether and volatile without decdmposition. 
(Berthelot.) 

OXiTCBRTXif OXTOXaxr-SAXiTS OF- See Acetins, Benzoins, Butybins, &c. 

O&TGXSRFXi, SirXiPB'B'DRATES OF. Tkioglycerins. (Carius, Ann. Ch. 
IMiarm. cxxii 72 ; cxxiv. 222.) — The oxygen of glycerin may be wholly or partly replaced 
by sulphur, yielding the throe compounds : 

r?0 .. 

Tliese compounds are produced by the action of alcoholic sulphydrate of potassium on 
mono-, di- and trichlorhydrin. They are syrupy liquids of unpleasant ethereal odour, 
soluble in alcohol, very sparingly soluble in water, insoluble in ether. They react with 
metallic oxides and salts like sulphydrate of ethyl (mercaptan), fonning compounds in 
which tho typic hydrogen is more or less replaced by a metal, in proportion to the 
number of sulphur-atoms in the thioglycerin. The general formula of tho metallic 
derivatives of the three thioglycerins are therefore : 

(C^H*)" 

M.n« 

The thioglycerins are decomposed by heat, trithioglycerin giving off sulphydric acivJ, 
and leaving dithioglycide, while the other two compounds give both sulphydric acid and 
water, and yield sulphuretted compounds analogous to pyroglycide ; thus : 


(C*HTI 

10* 

(C»HT{0 

(c-HTjs.. 

H* 1 

I s 

n‘ {s« 

Monoth ioglycerln. 

Dithioglycerin. 

Trithioglycerin.' 



(c»nT (0 


U 

M*.n js* 

M* :: 


Thioglycerin. 

Dithioglycerin. 

T.|«’ 


- H’s - n^o 


- H*S - H*0 


- H*S 


(C>H*)*>0» 
HM S 

Thlopyroglycide. 

(C*H»)*( 0 
== H* JS« 

TrlthlopyroglycWe. 

- 

Dithioglycide. 


Trithioglycerin. 

The thioglycerins are oxidised by nitric acid, 
monothioglycerin yielding glvcerin-iTionoszilphurous acidy which is mon ^ , 

thioglycerin •pyroglycUtnsxdp^^ a * 

to tSthiopyr^lycidl The salts of these acitU are represented by tho formula , 


(C-H*)"' 

Glycerin-mono«uH>hltef. 


0^ 


(C»H»)* 

(sb)« 

w 




pyroglyci-tilluipbitoi* 

0&TOn»a. <m*0‘ - (C®T{o..JSfte>^^cal alcoh<if emresponding to 

flio gWcicBc ethers. It diffew from ljTcerin, ia'’^ 

^hirers from glycol, C*H*0*, viz. by 1 at. 
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aXiTCnilC BTBSRS. (Reboul, Ann. Cb. Phyo. [3] lx. 5; Jaliresb. ISfin 

L 454.) — A class of diatomic ethers, closely related to the glycerides, and produoej 
m them by the action of alkalis. They differ from some of the triatomic glycerides 
, ,j. Iw the elements of hydrochloric, hydrobromio, or hydriodic acidj from others by the 
V 'iewments of water, e. g . : 

■ (C’HT'l 

cni" Up - IPO 

IP ) 

Ainylin. 


(c*ipr" 


0^ 


Amyl.glycide. 


(CnP) 

H 

Amvlcbwrhvdrln. 


Cl 


- nci 


5*^ 

■ Clilorhydroglyclilf*. 




(CTP)>")0’_ 
IP (Cl 

Monochlorhydrin. 

. (c^myy) _ 
ir (Cl* 

Dlchl'irhvdrln. 


(C’lpyio 

II (Cl* 

Dlilitorhydrin. 


- IICl 


icmTCV' - irci 

Trlchlorhydrln. 


OTrcp 

Dirhlorhytlroglyciilp. 

^ There are two series of glycidic ethers, which may be deriv(.d from the hypollietical 
diatomic alcohol glycide, CT’IPO'^, according to the general fomiulai : 

C’IP02 + A - H^O and C^IPO^ + A + A' - 2W0, 

the symbols A', denoting monatomic acids or alcohols. The first scries includes 
Ilcrthelot’s epichlorhydrin, cpibromhydrin, &c., which differ firom monochlorliydrin, &c., 
by 1 at. H'-^O ; the second series includes epidichlorhydrin, &c., which differ in like 
manner from dichlorhydrin, &e. 

The glycidic ethers are not produced from the corresponding triatomic glycerides by 
direct abstraction of water ; but they arc ol itained directly from the triatomic glycerides 
containing chlorine, bromine, &c., by the action of alkalis, which abstract hydrochloric, 
hydrobromic acid, &c. To convert a glycerin-ether not containing chlorine, bromine, 
ctf iMine, into a glycidic ether, it must first bo converted into a chlorhydrin by t ho 
action of hydrochloric acid, and this compound then treated witli an alkali to abstract 
hydrochloric acid, e. g, : 

+ HCl - C»H‘WC1 + H*0 


Amylin. 

CTr’o’ci - 

Arayh hlorhy- 
drin. 


HCl 


Amylchlorhy- 

drtn. 

Atnylglycldp. 


Conversely, the glycidic cther.s containing chlorine, bromine, See. are converted by 
the action of oxygon-acids, water, and alcohols, into triatomic glycerin-ethers (p. 862). 

Keboul, by whom the glycidic ethers have been particularly studied, supposes them 
to contain the diatomic radicle glyddyly C“II\ e, g . ; 

(C»H')") 

Amylglycide C»H" fo* 

[ ) 


H 

(C*H*)' 

H 


(C*H')"CP 


Monochlorhydroglycidc or Epichlorhydrin .... 

Dichlorhydroglycide or Epidichlorhydrin .... 

But the relations of the first series of these compounds (C"n®0* + A — H^O) to the 
glycerides may be more simply represented, as first suggested by Erlenmeyor 
(/eitschr. Ch. Pharm. 1860, p. 737), by supposing them to contain the same radicle as 
the glycerides, viz. C*H*, that is to say, by regarding them as the ethers of the diatomic 

alcohol, ^ ^ 1 0* related to glycerin in the same manner as monometaphosplioric 
acid, |o», to orthophosphoric acid, |o*; $,g, amylglycide, |o*; 

Worhydnn, &c. 


. . glycidic ethers of the second series (C*H«0* + A + A' - 2H*0), such as 
epidichlorhydrin, cannot be represented exactly in the same manner, because they 
contain only 4 at hydrogen ; they may, however, be regarded as chlorides, bromides, 
&c. containing monatomic radicles formed from C»H» by the substitution of d, Bt, 
•Sr r C*H<CP, for example, then becoming ehlonde oJekUr- 

ikeee ethers are to the gtycerides as those of the first series. 

'Th^dd not yield with alkalis ; neither are they converted into 



glycidic ethers. gg, 

fflycerides by the action of water or of aleoliAlfl n 

Qiough Beboui states that epiarehtorhydriniTverialo^Sr^r^f^^^*"* 

by bailing with hydiochlon^ acid. Itisrhowt^eTmortlnf triciilorbydrin 

in connection wth the glycidic ethers of the first aep?M describe them 

related by their mode oironoation. ’ ^ they are certainly 

The polyriyceric compounds and the glycidic ethers of the fl«f . • 

glycerin in the same manner as metaph^phoric acid and snmn c •?”“ ^ ndatod to 
orthophosphoric acid; this wiU be seL fi^m the^ollnwin» modifications to 


Typw. . 

2H»0, 

3H30. 

4Hao. 


6H30. 

Glycidic 

5 

O 

(C*HT}o. 

C*H‘ 


CW 


C*H® 

\ 

Seriu . 


H* 

C>H» 

O' 

CH^ 

0^ 

C*H' 









C»H* 

[0“ 











Olyclde, 

Glycerin. 

Diglycidc. 

Giglycerin. 

Triglycldc. 

Phoiphoric 

(porjo. 

W'lo- 

PO) 


PO) 


PO) 


Seriei . 

H i 

H* 

PO 

0^ 

PO 

0* 

PO 





Na® 


H* 


PO 

-O'’ 








Na»j 



Metaphoi- 

Orthophog- 

Maddrell’fi 

Pyropho*. 



phoric acid. 

phoric acid. 

mt'taphos- 

ph’oricacid, 

and llenne- 




phate or 



horn’s me- 




Bodium. 



taphos- 








phatc of 80- 








dium. 


711^0, 


0’ 


C’H» 

cm^ 


Trigly- 

cerin. 


9H80. 




Glyceric 

anhydride, 


POj 

PO 


0* 


Pho«- 
pboric an- 
hydride. 


The polyglyceridea constitute the interraodiate links between c] ycide and the true 
glycenc ether or glyceride anhydride, {KekuWs Lekrbuck, il 117.) 

The greater numW of the following compounds have boon prepared and partially 
dosenbed by Berthelot (See Bbomhydrins and Chlohhyuuins) ; but the exporimeuts 
of Ivehoul have rendered our knowledge of them much more exact. 


A- Glycidic ethers containing I at Acid- or Alcoltol-radicle, 

AmylglycWe. C*H**0* » — ^Produced by the action of potash on 

amylchlorhydrin (p, 884). Wlien a mixture of equal volumes of epichlorliydrin and 
amylic alcohol is heated to 220® C. for ten or twelve hours in a scaled lube ; the resulting 
yello^h oily liquid distilled ; Uie portion which goes over between 226^^ and 260®, and 
contains amylchlorhydrin, shaken up with excess of strong boiling potash-ley ; the oil 
which separates from the resulting solution of chloride of potasHium on addition of 
water distilled; and the ^rtion which passes over between 180® and 220® C. several 
times rectified, — amylglycide is obtained as a mobile liquid of specific gravity 0 90 
at 20® 0,, and having an odour of ri^ quinces. It is insoluble in water, boils at 188®, 
is mflammable, and bums with a bright fiame. By agitation with fuming hydrochlorio 
it is converted into amylchlorhydrin, C*ll*(C®H")010^ and by Jlydroliromio 
and hydriodio acids, into the corresponding brom- and iod-hydrins. Heated with water 
in sealed tubes, it h^es up H*0, and is converted into amylin, C*1I'(C*H**)0*. 

**^05^5^ 1 0*. — Produced by the action of potash on ethyl- 

chlorhydrin. The formation of ^is latter compound, by heating epichlorhydrin with 
etUylic alcohol in sealed tube|{> to 180® C., is attended with the production of cousidw- 
able quantities of dichlorhydrin and diethylin, according to the equation : 

2C*H*C10 + 2C*H®0 « C*H®CPO + C»H®(C=flP)^0» 

Kplchlor- Alcohol. Dichlor- Dieiliylln. 

hydrin. hydrin. , i; 

greater part of the resulting liquid distils between 188® and 189® 0. ; and th<j • 
distillate treated with potash, yields an ethereal oil which distils^ for the most part 
between Ijifi® and 180®, and consists of ethylglycido mixed with a considerable 
^antity of epicfiilorhydrin (Produced by the action of the alkali on the dichlorhydrin). 
The eAylglydde may be fipeed from the greater part of the epichlorhydnn by 
treatment with alcoholic potash. It is a mobile liquid, having a faint but agrwable 
ethereal odour, boiling between 128® and 129® C., and of nearly the same density ^ 
Water, It dissolves in 4 or 6 times its vtdume of cold, water, somewhat more frt?ely m 
Vou il. 8 M 
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hob water, and is separated from the solution by chloride of calcium. Its leactioDs 
are similar to those of amylglycide. 

Monobromlijrdrogljrcide. Bpihromhydrin. — Produced by the 

action of alkalis on dibromhydrin ; also, together with other products, by the action of 
pentachloride of phosphorus on glycerin (p. 890). It boils at 138® — 140° C., unites 
with fuming hyarocMoric aoid^ forming bromochlorhydrin, C*fl®BrC10, and with 
hydriodk acid, forming iodobroiuhydrin. (See Iodhydbins.) 

S CI 

Q . — Produced by the 

action of alkalis on dichlorhydrin. To prepare the latter, a mixture of 6 toIs. gly- 
cenh (the commercial product dehydrated by heating it to about 170® C. may bo 
used) and 4 Tols. glacial acetic acid is saturated at 100® C. with hydrocliloric acid 
gas, and then distilled ; whereby a distillate is obtained between 180® and 220® con- 
sisting of dichlorhydrin, mixed with a large quantity of acetodichlorhydrin and a 
small quantity of acetochlorhydrin. This distillate may bo used immediately for 
the preparation of epichlorhydrin (the acetodichlorhydrin being converted by the 
potash into dichlorhydrin, with formation of acetate of potassium). For this purpose 
H lukewarm solution of 360 grms. caustic potash in the smallest possible quantity of 
water, is added by small portions to 600 grms. of the distillate just mentioned, the 
liquid being well shaken and left to cool after each addition ; the whole is then left to 
itself for an hour or two; the oily layer which floats on the surface is removed and 
distilled ; tho portion which goes over below 166® C. is collected apart ; and this by 
repeated fractional rectification, yields pure epichlorhydrin. 

Epichlorhydrin is a mobile liquid, of specific gravity 1*194 at 11® C.; it boils at 
118® or 119®; smells like chloroform; has a sweet taste, with burning aftortuste ; 
burns with a bright, smoky, green-edged flame. It is nearly insoluble in water, hut 
takes up a small quantity of it, and retains it obstinately; soluble in all proportions 
in alcohol and ether. Its vapour-density is by experiment = 3*21 ; by calculation 
(2 vols.) « 3*19. 

Strong sviphmo acid acts violently on epichlorhydrin ; if it is added by drops, and 
the liquid kept cool,* no hydrochloric acid is evolved, but the liquid becomes viscid, and 
a so-called conjugated sulphuric acid appears to be formed. 

Chloride of zinc likewise acts violently on epichlorhydrin, hydrochloric acid being 
evolved and the mass blackening if not sufficiently cooled, whereas if the temperature 
is prevented from rising, the two substances simply unite. Epichlorhydrin is converted 
by pentachloride of phosphorus into trichlorhydrin : 

C>H*C10 + PC1» « POCl® + C»H»C1»; 

and \}y pentahromide of phosphorus into chlorodibrom hydrin, C®H^Br®Cl (i. 894), 
a liquid of specific gravity 2*086 at 9® C., and boiling at 202° — 203®. 

Epichlorhydrin heated witJi alcoholic ammonia to 100® C. in a closed vessel forms 
chloride of ammonium, and a white gummy mass, consisting of diglyceryl- 

N 

dihydopchloramine, or hemichlorhydramide, C®II'*ClNO* = CW[0*, ana- 

H J Cl 

logons to Berthelot's hemibromhydramide (i. 668 ; ii. 876) : 

2CTPC10 + 2NH* = NH'Cl + C^H'^JINO* 

With cold aqueous ammonia^ epichlorhydrin thickens and gradually dissolves ; and tho 
liquid, after neutralisation with hydrochloric acid, contains chloride of ammonium, and 
an uncrystallisable salt, from whoso highly concentrated solution caustic potash throws 
down a reddish gummy base, which rcdissolves on the addition of a small quantity 
of water. 

Epichlorhydrin unites directly with hydrochloric acid^ forming dichlorhydrin, 
CH^CPO (boiling at 180® C.); with hydrohromic acid^ forming bro mo chi or hydrin, 
0*JI*BrC10 (a colourless oily liquid of specific gravity 1*740 at 12® C., boiling at 197®, 
having a faint odour like that of dichlorhydrin, sparingly soluble in water) ; and with 
hydriodic acid, forming iodochlorhy dnn, C*H®IC10 (see Iodhydeins). The combi- 
nation is in all cases attended with evolution of heat, 'whidi is considerable when 
epichlorhydrin is agitated with fuming hydrochloric acid; stronger with filming hydro- 
bromic acid ; and especially violent with faming hydriodic aci^ each drop of the acid 
producing a hissing noise. 

Epichlorhydrin hooted with amylio akohol in sealed tubes, unites with it, forming 
amyl-chlorhydrin; but at the same a secondary reaction takes place, r^ultingio 
iheformationof dichlorhydrin and diamylin; 

2C»H»C10 + 2C»H'«0 « C»H'»C1*0 + C*mC*H’*)*0* 
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With eih^lio alcohol h similar reaction takes place, but the socondory products bear a 
lai*ger proportion to the ethylchlorliydrin produced by dii'cct combination (p. 897). 

Mono-lodliydrofflyclde. Epi^iodhydrin^ C*li*IO, — This compound cannot bo 
prepared in the same manner as the two preceding, inasmuch as di-mdliydrin has not 
been obtained, not being produced from glycerin by the action either of hydriodio 
acid or of iodide of phosphorus. Epi-iodhydrin may, however, be prepared by 
heating epichlorhydriu with iodide of potassium to lOO"^ in a sealed tube, care being 
taken to purify the materials from water as much as })0S8ible, since its presence would 
give rise to the formation of iodhydrin, C*Il'102. Qjj treating the product of the reaction 
with a small quantity of water, to dissolve chloride of potassium and the excess of iodide, 
there remains a heavier liquid, from which, by distillation and repeated rectification of 
the portion which distils between 160^ and 180^ C., pure epi-iodhydrin is obtained. 

Em-iodhydrin is a mobile ethereal liquid, having a somewhat alliaceous odour; 
finocme gravity 2 03 at 13® C.; insoluble in water; soluble in all proportions in alcohol 
and eth^. With hydrochloric acid it forms iodochlorhydrin, O^H^ICIO, identical with 
the compound formed by the combination of UI and C^II^CIO ; with hydriodic acid, it 
Yields a viscid hcaw liquid, strongly coloured by iodine, and probably containing 
di-iodhydiin, C*H®PO. 


B. Ghjcidic ethers containing 2 at. Bromine, Chlorine, &c. 

Those compounds are produced by the action of alkalis on the triatomic glycerides 
containing 3 at. Br, Cl, &c. 


^^IMbro^ydroglyclde. Evidihrornhydrin. (C“IT^)"Br= or (C®H^Br)Tlr.— * Ob- 
tatoed by trwting tribi'omhydrfn, C»HW. with solid hydrate of potassium (a small 

iit t.hft sumc t ime'l I distilliu^ the heavy oil which 



r z uo ni lA V/., jiainifs, — ~ 

"n":” *’ f 152® C ' It is decomposed hy alcoholic ammonia, slowly 

tZe “i oSoty by heathig for 'several hocL to 0., yielding bromide of 
ammonium and dibromallylaraine (i. H6): 

aC’II^Br* + SNIP = 2NIl*Br + NH(CTI*Br)*. 

The formation of this Imse tends to support the supposition that the compound 
O'*!! W contains the monatomic radicle O ±1 Jir tP- r»ir^Br< « 

of hydrohromic acid, at 250°— 2o2“ 0. /psH'Y'Cl- or (CTI‘C1)'01.— Meta- 

which, when freed from a small ^antity I X vields ppidichlorhydrin, as a 

acid diluted with half its bulk of of spi^^^^ gravity 

liquid boiling with partial decomposition ii:„(,eo„s odour, insoluble in water, 

1-21 at 20®, having a ‘it'iereal, somew j 100° C. with Ayifro- 

Bolublo in all proportions in alcohol and e • . tmutoinic gkeerides; with water 

chloric, hydrohromie, and hydrwdic directly with 2 at. hronune, 

and ^cohols it docs not - tC?H^Ciy"Br“Cl, a liquid insoluble in water, of 

forming the compound O * ooao'^ o 

specific gravity 2T0 at 13® C., boiUng at , , ^ (C‘*H*)"ClBr, or (C*H'Cl)Br, 

caaorobrombydroelycWo. m) with 

or (C>H^Br)'Cl.— Produced by heating Colourless bqmd, tumiM 

solid potash, and purified bko Pre^f coidiehlorhydriu ; boils at 120°— 127 C. 
yellow when exposed to light; smells decLiposed by heating with water 

Specific gravity P69 at 14° C. It is not P®^?* V tut elowly when heat tsl, 

to 100° a for two days. Kot al^kod bj ^"^uutly with 2 at. hromme, for™"8 
with formation of bromide of _ liquid of specifle gnivily 2-39 at ; 

the compound Cm;ClBr» = (.C>H‘C1)1^. a 

and boiling, with slight evolution of hydro supposed to exist in the 

0&TC»n. C*H«.-The diatomic radicle which may be supi 

glycidic ethers (p. 896). This acid, discovered by B. 0“®^?“ 

O&TOOOBOUO AOIl>. C* H NO . ^ sodium-salt, the 

(bSSm- ."«■ «• Itli qmiiliii™ of ttoTOlio le 

«rt .1 tiii. to .kis. 1. 1 “jj;‘VSS.ioo fd S 

cholesterin, cholochrome, etc. (J. oiwh * j^v. 9; Ixvu. li 1«- 

chiefly stuped by Strecker. (Ann, Ch. Fba™- “ 
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Ptepar<tHon,'^\, The precipitate fomed in freeh ox-bile by neutral acetate of lead 
is treated with boiling alcohol of per cent., and the liquid is filtered hot, so as to 
obtain a solution of a lead-salt sufi&ciently concentrated to become turbid on cooling. 
The residue is exhausted on the filter with alcohol, and this alcohol is used for the treat- 
ment of new precipitates. Sulphydric acid gas is then passed into the hot concentrated 
solution ; the sulphide of lead is separated by filtration and washed with a large 
quantity of water ; and the liquid is left at rest as soon as it begins to become turbid. 
After twelye hours, it is found to bo conTcrted into a white crystalline mass, which is 
to bo washed with cold water. 

2. Fresh ox-bile is evaporated to dryness over the water- or sand-bath; the residue 
is coarsely pulverised and treated with cold absolute alcohol ; and the filtered solution, 
after addition of a small quantity of ether, is left to itself; after some hoursl 
the bottom of the vessel is found to be covered with a tenacious, strongly coloured 
mass. On decanting the liquid, treating it with fresh quantitit^s of ether, and leaving 
it at rest, it deposits a considerable quantity of plumose crystals (Plattner’s crystallised 
bile), which go on gradually increasing. The remaining liquid is decanted, and tho 
residue after washing with a small quantity of ether, is dissolved in water, while still 
saturated with ether. The solution is then mixed with dilute sulphuric acid, till it 
becomes milky, after which it is left at rest. Twelve or twenty-four hours after- 
wards, it becomes filled with crystals, usually mixed with drops of an oily liquid ; these 
ciystals are thrown on ‘a filter and washed with cold water. This process yields a 
laiger product than the former. 

Olyoocholic acid prepared by either of those methods is mixed with a certain 
quantity of an isomeric body called add (p. 901). To free it from 

this admixture, the crystals are washed with cold water ana then treated with boiling 
water : the paraglycocholic acid then remains in the form of insoluble scales, whilst the 
glycocholic acid dissolves and crystallises out as tho solution cools. 

Properties and Reactions . — Glycocholic acid crystallises in bulky groups of wliilo 
slender needles, which contract considerably in drying, and cover the paper with a lliiii 
silky film; 1000 pts. of cold water dissolve 3*3 pts. of it; 1000 pts. of boiling water 
dissolve 8*3 pts. ; the cold aqueous solution has a saccharine and slightly bitter t:ist(‘, 
reddens litmus, and is not precipitated by acids, neutral acetate of lead, nu rcuric 
ehloride, or nitrate of silver ; but forms a slight precipitate with basic acetate of h ad. 

Glycocholic acid is easily soluble in akohol^ and tiiu solution evaporated over tho 
water-bath leaves a residue which is syrupy at first, but afterwards becomes resinous. 
On mixing the alcoholic solution with water till it becomes milky, it deposits aft (T 21 
hours, a quantity of needle-shaped crystals, the liquid becoming clear at tho same t ime. 
The acid is very soluble in etJier. 

The solutions of glycocholic acid turn the piano of polarisation to the right. Tho 
specific rotatofT power is -t- 27*2° for red, and + 29*9° for yellow light ; it is not dimi- 
nished by combination with alkalis. (F. Hoppe, Chem. Centr. 1859, 65.) 

Glycocholic acid dissolves readily in aqueous ammonia^ in dilute potash- and soda-ley, 
and in haryta-water. The addition of acids, even of acetic acid, to these solutions 
throws down a resinous substance, which changes after a while into crystals resembling 
those of wavellite. This transformtUion of the acid into crysUds is produced with 
greater rapidity bv ether. 

Glycocholic acid boiled withjM>^csA is resolved into cholic acid and glycocine (p. 902): 

+ H*0 - + C^*NO*. 

Glycocholic Cholic Glycocine. 

acid, acid. 


The same decomposition is produced by baryta-water at the boiling heat. 

Aoetio acid dissolves glycocholic acid, and deposits it in crystals when left to 
evirate. 

Glycocholic acid dissolves ^ily at common temperatures in strong hydrochlo^ or 
culphuric acidSf and is precipitated therefrom by water ; but if the acid solution be 
boued, it becomes turbid and deposits oily drops of cholonic acid, which solidify 
after a while : 

^ C«H‘*NO» + H»0. 

Olycoiholic Cholonic acid, 
acid. 

G^cocholic add Resolved in water and boiled with hydrochloric acid^ yields first 
ehofoldic^acid and afterwards dyslysiu (p. 360), together with glycocine. 
dydysm and choloidie acid differ from cholic acni only by the elements of water, this 
traxmormation is similar to that produced by boiling ptoah. 

Oil adding to a solution of glycocholic acid, or an alkaline glycocholate, a few droM 
of solution of SY^ar, then strong sulphuric acid by small quantities at a time, and 
•pplyiag a gentle heat, a riolet or imrple colour is produced, which disappears on addi* 
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tion of irftto. Thisi 


is PeU«»kofer*8 test (see Bilb, j, 586). For the appHeation of thii 

test to the deteiction of biliary adds in the urine, see U«in« ; also N eukomm (AniL 
Ch* Pharm. cxti. 30), 

Qlycocholaie8,—T[iQ general formula of these salts is C“H"MNO*, the acid being 
monobasic. All the glycocholates are soluble in alcohol ; those of the alkali- ana 
earth-metalfl are easily soluble in water ; the rest are sparingly soluble, and may be 
obtained by precipitation. The solutions of the glycocholates have a sweet and slightly 
bitter tastei. 

Ammonium^8<dt — When dry ammonia-gas is passed into a solution of glycocholic 
acid in absolute alcohol, in such quantity that no precipitate is formed, needle-shaped 
crystals separate from the liquid after a while, increasing in number when it is left at 
rest in closed bottles. The addition of ether accelerates their formation. They lose 
a considerable quantity of ammonia when kept under an exhausted receiver. 

Barium-salt Ba"(C*®H<*NO*)*.— Glycocholic acid dissolves easily in baryta- water, 
and on removing the excess of baryte by carbonic acid, then boiling, filtering, and 
evaporating, glycocholate of barium separates in the form of a white amorphous mass. 
calcium-salt is soluble in water. 

. The cworic salt is a bluish white precipitate. 

The/cme salt forms yellowish flocks, very soluble in alcohol. 

The kad-salt is a flocciilent precipitate obtained on mixing nebtral acetate of lead 
with an alkaline glycocholate ; the precipitation is not however complete, a certain 
ouantitv of lead always remaining in solution ; it may be completely preven^ by 
addinjt ftcctio acid to the solution of the alkaline glycwholato before pouring in the 
acetate of lead. Basic acetate of lead precipitates sodic glycocholate completely: the 

crecipitate is soluble in alcohol and in excess of acetate of leaib 

^ The maanesium-salt is soluble in water. The potaMium-zialt closely resembles the 

"“rKi'-seW is obtained as a white gelatinous precipitate on ^ding nitreta of 
silver t^thtsolution of an alkolino glycocholate. The precipitate direolves rartially 
on boiling (completely if the solutions are dilute), and separates ii^in on 

if thA Uouid cools slowlVs gelatinous form on rapid cooling; but it 

Tn reels <5Suiron Sn of cthfr. The salt becomes coloured on exposure 

**'rheWfMm-«a« C"II“NaNO*, constitutes a considerable proportion of ox-bile. ItU 

slowly evaporated in a flask. nmomhous state b^ ether, even from the 

glycocholate of sodium is precipitated in P completely in proportion as 

alcoholic solution of the pi^e freed from water; whence it appears 

the alcohol and the ether have been tho ug y ^ the salt. In fact, 

that a certain quantity of water is of needles, without any ad- 
it separates in a few minutes in very ulcoholic solution a sufficient 

leaving a very ftisible cinder, which has an alkaline 

quantity of cyanate. . •„ «rot at* ronseauently the solutions of alkaline 

GlytLholate of strontium is 

glycwholates do not precipitate the ®?/4ith^lycocholic constitute that 

Pwraglycoebolto aold- This^id, , ^ crystallised bile, which is 

portion of the precipitate formed by s^ph scale^which exhibit under the 

insoluble in boiling water; it is ^ Ai'milar crystals are found amoi^t 


nacreous scales, - . 

iiJBoiuuio m uuiuufi , ^ ^ flimilar crystals ore found ainoi^i» ^ 

micro*cope the form of Sg water; and by d.ssolxmg the 

needles of glycocholic acid l^rt^nVantity of the 

latter in a fresh portion of hoilmg water, “.f (0710 per cent.C. 9 28 H, 

be separated. 

S OI N, and 20'64 O), and in all are undistinguiehable tom the 

insolubility in water ; it likewise 7}®^^ . -.jjai modification of glycocholic acid. 
glyoocholaW It is therefore merely a physical mou 
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OKTCOOXara, or onoocoxi. C*H»N0*» (C^H^Oy'f" Sugar of Gelatin, 

H 

LeimiBUckfr. Leimauss. Glyoollamie acid, (Gm. ix. 247 ; Gerh. i. 214.) — An organic 
bftso homologous with alanine (C*H’NO*) and leucine (C®H*^NO*). It was discovered 
by JJraconnot (Ann. Ch. Phys. [2] xiii. 114), who obtained it by the action of 
sulphuric acid on gelatin. It is also produced by the action of caustic alkalis on 
gelatin, or on meat (Mulder, J. pr. Chem. xvi. 290) ; by boiling hippuric acid with 
hydrochloric acid. (Dessaignes, Ann. Ch. Phys. [3] xvii. 60) : 

C»H»N0* + H^O « C*H®NO* + C^H-02; 

Hippuric acid. Giycocine. Benzoic acid, 

in the metamorphosis of glypocholic and hyoglycocholic acid, under the influence of 
alkalis (Strecker, Ann. Ch. Pharm. Ixvii. 26; bcx. 188) : 

C»“H«NO® + H^O = C^IPNO* + ; 

Glycocholic ncld. Giycocine. Cholic acid, 

and by the action of ammonia on bromacetic acid (Perkin and Duppa, i. G64), cr 
chloracetic acid (Cuhours): 

C2Il»BrOa + 2NH® « NII^Br + COI'XO^ 

Trepnration, — 1. By the action of potash on gelatin. Glue is boiled with potash- 
icy, which gives rise to a copious evolution of ammonia ; the liquid is neutralised with 
suJplmric acid, evaporated, sopanited from sulphate of potassium, which erystullis<‘S 
out, and again evaporated ; and the residue is exhausted with alcohol, which takes up 
the giycocine, together with a small quantity of leucine, from which the giycocine may 
be easily separated by crystallisation, as it is much less soluble in alcohol than leuciuo 
(Mulder). Milk of lime may bo used instead of potasli. (Boiissingault.) 

The preparation of giycocine by the action of sulphuric acid upon gelatin is le.ss 
advantageous, because a considerable quantity of leucine is formed at tlio same time. 

2. Hippuric acid is boiled for half an hour with strong hydrochloric acid, and the 
liquid is diluted with water and left to cool; the greater part of the benzoic acid then 
separates, while the giycocine remains in .solution. The decanted liquid i.s evapo- 
rated over the wutor-bath to expel the excess of hydrochloric acid ; the dried residue is 
treated, first with ammonia, then with absolute alcoliol ; and the giycocine, which re- 
mains in the form of a crystalline powder, is washed on a filter with absolute alcohol. 

3. Glycocholic acid is boiled for some time with hydrate of bariinn; the liquid is 
filtered to sepanite the crystalline cholato of barium which forms, tlien treated with 
carbonic acid to remove the excess of baryta, and with hydrochloric acid to preci- 
pitate a small quantity of cholic acid which remains in solution. 

The whole of the baryta is next precipitated by sulphuric acid ; the liquid boiled with 
hydrate of lead to remove sulphuric and hydrochloric acid ; and the excess of lead pre- 
cipitated by sulphydric acid. The colourless solution thus obtained deposits crystals 
of giycocine by evaporation. 

I^ropertiea . — Giycocine crystallises much more readily th^n cane-sugar, a pellicle 
soon forming on the surface of its solution during evaporation. The crystals are 
granular, very hard, and crackle between the teeth. They are flattened prisms or 
ag^gated plates, belonging to the monoclinic system, with the faces ooP, ooP‘2, 
ooPoo, (ooPoo), (Poo )i ‘2P2. Ratio of the principal axis, clinodiagonal and ortho- 
diagonal, « 1 : 1 8667 : 2’2036. Inclination of clinodiagonal to principal axis = 
68® 20'. ooP : ooP in the clinodiagonal principal section =» 103° 62'; (Poo ) . (Poo )- 
134° 16'; (ooPoo): ooP2 = 111° 23'. Cleavage very distinct, parallel to ( oopoo ) 
{SchHihnSf Heatimmung der Krystallgeatalten in cbemiachen La^atorien erzeugttr 
Productef 'Wien. 1866, S. 16; see also Keforstein, Pogg. Ann. xeix. 276). The 
crystals melt more easily than common sugar, and have a sweet taste about equal in 
strength to that of grape-sugar. 

Giycocine is sparingly soluble in water, insoluble in ether, and in absolute alcohol, 
.even at the boiling heat, but dissolves with moderate facility in hydrated alcohol. 
According to Mulder and Horsford, it has no acid reaction with vegetable colours, but 
according to Hessaignes it reddens litmus sensibly. It decomposes acetate of copper 
at the boiling heat, expelling the acetic acid, and dissolves lime when boiled for some 
time with chalk (Hessaignes). According to Horsford (Ann. Ch. Pharm. lx. p, 
giycocine prevents the precipi^tion of copper from the sulphate by potash, and its 
aqueous solution dissolves oxide of copper, forming a blue solution wMch deposits 
needles on cooling, 

Jkcompoeitiona . — 1. The cmtals of giycocine begin to turn brown at 170° C., the 
ioweir pak giving ofif ga^ while the upper part melts and crystallises again on cooling. 
At 190°, partial carbonisation takes place (Horsford). — 2. The ciystals of giycocine, 
boiled with Btrong ^taah-aoluticm, assume a fiery-red colour, and give off ammonia; 
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but if thellMt be continued, tbe colour disappears. On adding hydrochloric acid to 
the re«^due, hy^y^c acid is disengaged, and tJio liquid is found to contSi^«lfo 
®”“® floiy-red colour is also produced by heating^y^no 
mth hydrate of bimum or oxide of Ic^. Dilute potash and bLtaS ^dr^ot 
ehminate ammonia froin gWine._3. Olycocino heated with anh/drou, gives 

off methylamine(mix^with ammonia), and leaves carbonate of barium - 4 wlttt 
hydraU of potassium, the same products appear to be formed in the first instance but 
the methylamine is immediately decomposej into ammonia and free hydrogen and the 

residue contains oxalate of potassium as well as carbonate; ® ’ 


and 


C»H‘NO» + BaO 
2CH*N + 2KHO + 2II-0 


BuCO» + CH‘N 
K*C=0‘ + 21IIP + 61I» 


(Cahours, Ann: Ch. Phys. [3] liii. 322; Ann. Ch. riiarm. ci.x. 29).— 5 . Strong stfj. 
phurioacid blackens glycocino when heated with it.— 6. When glycoeiiio is lieated 
with a mixture of dilute stdphurio amd and peroxide of lead or manganese, cartionic 
anhydride is evolved, and the liquid yields by distillation pim? hydrocyanic acid : 
C>H»NO* + 0* CO* + 2ir*0 + CNir. 


—7. On boiling glycocine with water and peroxide of lead alone, a strong ammoiiiaeal 
distillate is obtained, and the residue contains carbonate of h'jid, but no eyanido or 
formate. — 8. It is oxidised by mercurous nitrate, the morcnry Ix iiig reduced to the me- 
tallic state. — 9. Nitrous acid converts glycocine into glycollie acid, which may be sepa- 
rated from the liquid by agitating with other and evaporating : 


C*H*N0* + HNO* « C*H‘0» + IPO + N* 


(Soeoloff and Strecker, Ann. Ch. Phaim. Ixxx. 18; Oessaignes, Compt. rend, 
xxxviii. 44). — 10. Glycocine boiled for some time wlthnitric acid, or treated with a 
mixture of chlorate oj potassium and hydrochloric acid, is converted into an acid, which, 
when saturated with ammonia, yields with chloride of barium a crystnllino precipi- 
tate, containing, according to Horsford, C*H®Ba*Ob The same acid is produced from 
glycocine by the action of chlorine-water, nitrous acid (?) or permanganate of 2)otas- 
sium (Horsford). — 11, Chlorine gas immediately attacks the crystals of glycocine, 
separating water and hydrochloric acid, and producing a hard brown substauco partly 
soluble in water. The acid solution when concentrated deposits large prisms. Bromine 
and iodine act like chlorine. — 12. Glycocino heated in sealed tu!)(>s with hensoio acid 
is converted into hippuric acid (Dossaignes, J. Pharm. [3] xxxii. 44) : 

C*1PN0* + C'H^O* =3 C^H^NO’ + H*0. 


Hippuric acid is likewise produced by treating the zinc-salt of glycocino with chloride 
of bmzoyl (Desaignes, Compt. rend, xxxvii. 251) : 

C^H^Zn^'N^O* + 2C’n»OCl = Zn"Cl* + 2CnPN0»; 

and by treating the silver-salt of glycocino with chloride of ani^yl, CHT^O^Cl, and 
chloride of cumyl, C*®H"0C1, acids analogous to hippuric acid are obtained, viz. ani- 

suric acid, C‘®H"NO*, and curainuric acid, 

13. Glycocine mixed in solution with cyanamide, CN*H*, ^ites with it, forming 

glycocyamine, C*H’N*0*, a compound homologous with creatine (p. 95). (Strecker, 
Compt rend. lii. 1212.) . . t * 

14. According to Braconnot, the aqueous solution of glycocino is not thrown into 
fermentation by yeast, but according to Buchner (Ann. Ch. Pluirm. Ixxvih 203), it ia 
decomposed under the influence of a ferment, and in presence of an alkali, giving off’ 
carbonate of ammonium and yielding a number of other products. 

MetalUo Compounds of Olyooclne. Glycollamatcs or Oxyacetamatcs.^The 

(c*H*or 

Ml 

The potasHim-salt, obtained by evaporating a solution of glycocine in P^wh 

to a syrup over the water-bath, forms alkaline, very deliquescent . 

be quickly washed with alcohol. The harium-salt is obtained m the crystallino state, 
by tritunJing ^ycocine with hydrate of barium, mixing the ’ 

end leaving thi liquid to evaporato. The remaining salte are obtamed bleating Ao 
respective oxides with an- aqueous solution of copper-tali, 

C*li:«Cd”N*0‘, forms foliated crystals having , a silky liwtre. We 
OH-Cu-'N'O*; is obtained as above ; also by treat, "g a 

phato of copper, first with potash and then with t .q^^gjyftals.vcrysoJiible 

poundatacertaindegrooof concentration oftheliqnid. y^^als mveofftheirwater 

in water, not decomposed by carbonic acid. At 100 O., } B 


general formula of these compounds is C®n‘*MN0* 
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of cryst Jlisation, amounting to 8 per and turn green. The fead~aaiit 

ohtained by boiling protoxide of lead in aqu|^1i£| gljoocine, and evaporating the filtrate 
out of intact of au*, forms colourless neemes, wmch are decompose by carbonic acid. 
On adding alcohol to the filtrate obtained after boiling glycocine with oxide of lead, 
colourless needles are formed, resembling cyanide of mercury. The mercwry-mli^ 
C*H®Hg"N®0^H*0, fonna small crystals, the aqueous solution of which is decom- 
posed by boiling, metallic mercury being separated and formate of ammonium being 
produced. The sUver-saltt C^H^AgNO*, is difficult to obtain of constant compositioi? 
Oxide of silver dissolves readily in aqueous glycocine, but to obtain a saturated solution, 
the mixture must be digested for some time at 80® to 100® C., then boiled for a few 
seconds, and filtered at the boiling heat. 

OompoMds of Olyooolne with Aolds and Salto. These compounds are pro- 
duced by direct combination. 

Acetate of Glycocine^ 2C^H*N0*.C*H^0*.3H*0, is precipitated in crystals on 
adding alcohol to a solution of glycocine in acetic acid. It crystallises from solution 
in water. 

Chromate of Glycocine, Chromoaaccharic acid, — Chromosaccharate of 
potassium is deposited in crystals on adding alcohol to an aqueous mixture of glycocine 
and acid chromate of potassium. It decomposes in a few days, with separation of car- 
bonaceous matter, even while immersed in the liquid. 

Hydro chlorates of Glycocine, — Xmonohaaic salt, C*H*NO*.HCl, is produced by 
boiling hippuric acid with hydrochloric acid. It has an acid, slightly astringent taste, dis- 
solves very easily in water and in common alcohol, sparingly in absolute alcohol By 
dissolving glycocine in hydrochloric acid, and leaving the solution to cool, a dibasic 
hydrochlorate, 2C’II*NO“.HCl, is obtained in crystals belonging to the trimebnc system. 
JDominant ^es ooP, oof 2, oof oo , f oo , oo , P. Ratio of principal axis, ma- 
crodiagonal and brachydiagonal, 1 : 1-1108 : 0;3091. ooP : ooP in the brachydia- 
gonal principal section «= 148® 54'; oof 2 : ooP2 = 121® 48'; fco : f oo * 96®; 
if Qo : ifoo -= 131° 32', Cleavage very distinct, parallel to ^f oo (Scbabus, loc. cit. 
p. 902). On adding a concentrated solution of tetrachloride of platinum and excess 
of hydrochloric acid to an aqueous solution of glycocine, and then adding absolute 
alcohol drop by drop, cherry-coloured crystals are obtained of a platinum-salt contain- 
ing 2(C*H*NO*.HCl).PtCP. 

Glycocine combines with the chlorides of potassium^ soditm and barium ; also with 
stannous chloride. The barium-compound forms crystals apparently belonging to the 
rhombic system, with the dominant faces ooP, Poo , oopoo . 

Nitrate of Glycocine^ or aci(f, C*H*NO*.NO*H, is obtained 

by carefully eva^rating a solution of glycocine in dilute nitric acid, in crystals which 
may be purified by recrystallisation. They belong to the trimetric system. Dominant 
faces, ooP, 00 too , too , oof oo . Ratio of the principal and secondary axes =» 

1 : 3*4122 : 2*9687. Inclination of the faces, ooP : oofoo =■ 126® 15'; too : ooPoo =• 
106® 20'; too : f 00 « 142® 30'; oofoo : oofoo = 90®; oofoo : ooP « 146° 15'. 
(Nickl^, Compt. cbim. 1849, p, 256). The crystals have an acid, slightly saccha- 
rine taste, somewhat like that of tartaric acid. Nitrate of glycocine when heated 
swells np considerably, melts, though not completely, and gives off a pungent odour. 
It does not affect the solutions of the salts of the earth-metals or heavy metals. It 
dissolves iron and zinc with evolution of hydrogen. By slowly evaporating a solution of 

2 at glycocine in 1 at. nitric acid, Dessaignes obtained a basic nitrate, 2C4I^N0^.N0’H, 
in crystals resembling nitrate of urea. 


Nitrosaocharates, — These salts are obtained by saturating the solution of nitrosac- 
charic acid with various bases. The j^tassitm-ssll^ C^H’NO^.NO*K, and the calcium- 
salt crystallise in needles sparingly soluble in alcohol. The magnesium-sslt is nnciystal- 
lisable and deliquescent ; the kad-ssXt unctystallisable and gummy. The iftnc-salt is 
ciystaUisable, and may obtained by dissolving metallic zinc in nitrosacchoric acid. 
The cojTpef^salt, C^H®Cu"N*0*.Cu"N*0* + 2H*0, obtained by dissolving the copper- 
compound of glycocine in nitric add, ciystallises in blue needles, which give off their 
water of crystallisation and tom green at 150® C., and decompose with explosion at 
180® or 182®. The «7wr-saU, C*H‘NO*.NO*Ag, crystallises in needles, which absorb 
moisture from the air and alter quickly on exposure to light. 

Oxalate of Glycocine is obtained by boiling hippuric acid with a concentrated 
solution of oxalic acid. The liquid first dejposits benzoic acid, and afterwards oxalate of 
giycodne. The salt forms crystals belonging to the trimetrio system, with dominant 
j&isa ooP, oofoo , obf2, f 00 . Batib of prindpal and secondary axes ** 1 : 3*0715 1 3*792. 
Imfiinfl^ion of ooP ; oofoo bb 132°; ooP : oot2 • 162°; oof go : oof 2 — 113® 48 ; 
f ob : ooP » 10l°66': foo ; f oo « 152® 10', (NickUs, /btf. eif.) 

Sulphate of Glycocine, 01 Sulphosacchario Acid, (?)•— 



GLYC0CINE. 


908 


Obtoined by d^.lvin| glycine in snlphTmn .«cid, in luge eolonriesa ptinna, which 
ue penitent m the air. They have a eonr tastcy do not give off any thing u IM* ai« 

in 

system, 

; 0-4244 : 0-8207. Inclination of faces, ip'I 

14«°; oetoo :»!*«> =900; ooP : = 119° 4' ; irso- 

; Poo « 138® 20', The composition of this compound has not been satisfactorily 
determined. Horsford obtained two kinds of crystals, to which he assumefl th« 
formula ancl C^H^NOKSO^ The fomula above given wrEstod 

by Gerhardt. Ilopsford likewise obtained two basic sulphates, the composition of 
which is doubtful. Sulphosaccharate of potassium is precipitated in transparent 
prisms on adding alcohol to an aqueous mixture of glycocine and acid sulphate of 
potassium. 

Kthyl^ly coc%n€^ = C*E[*(C^lI*)NO®. — The hydriodate of this base is ob- 

tained by heating glycocine with iodide of ethyl and absolute alcohol in sealed tubes. 
It forms rhombic crystals, which when decomposed by oxide of silver yield the base in 
small crystals having an alkaline reaction. It forms a crystalline platinum-salt. 
(Schilling, Aniv Ch. Pharm. cxxvii. 97.) 

Bimethyl’^lycocinfi, C^II^NO* = C-H»(CH*)*NO* — The hydriodate of this base, 
C^H’NO*.!!!, (isomeric with tiie preceding) is obtained in like manner, together with 
another hjrdriodate (probably of methyl-glycocino) the latter crystallising out first. 
The hydriodate of dimethyl-glycocine crystallises in transparent rhombic prisms. 
(Schilling, loc. cit.) 

Dlfflyoollamio acid, C^H^NO\ and Trlglyeollamie aold, C”H^ND*. (H e i n t z, 

Ann. Ch. Pharm. exxii. 267 ; exxiv. 297.) — ^Theso acids are produced, simultaneously 
with glycocine (moiioglyeollamic acid) by the action of ammonia on chloracetic acid, 
the reactions taking place as shown by. the equations: 

C*H=*C102 + 2N1P - NIPCl + C^H^NO* 

2OTl‘ClO'^ + 3N1P = 2NH'C1 + C^II’NO* 

SCWCIO*^ + 4NIP « 3NIPC1 + C«H®N0« 

To separate them, the solution obtained by boiling chloracetic acid with ammonia, 
after being freed from sal-ammoniac by precipittition with alcohol, is l>oiled with 
hydrate of lead. A precipitate is then formed consisting of oxychloride and 
triglycollamato of lead (from which the acid may be separated by sulphuretted 
hydrogen), and a solution of mono- and di-glycoUamate of lead. This solution, aftef 
being freed from lead by sulphuretted hydrogen, is boiled with recently precipitated 
carbonate of zinc, whereby both the acids are converted into zinc-salts, which may ^ 
easily separated, the monoglycollamate (zinc-salt of glycocine) being easily ^lublo in 
water, while the diglycollamate is very sparingly soluble even at the boiling heat. 

Both di- and triglycollamic acids in thedree state are crystalline solids, less soluble 
in water than glycocine, insoluble in alcohol and ether. Their composition and mode 
of formation show that they are related to glycocine in the same manner as di- and 
triethylamine are related to ethylamine. The three compounds may be formulated as 

follows: /(C?n*0)”>rt 

H 

H 


N 


H 
H 

Glycollamic ncld. 
(Glycocine.) 


(C’ffor jo 


N-^ 


Digly<^oii antic 
acid. 


(C*h|)"|o 

(C*H*0)" 

H 




Triglycollamic 
acid. 


diese formulae being derived from the water-ammonia types, ^ 

iThho hTiho h hho 


N 


H N II HHO N H HHO 

H H H 

by substitution of tho diatomie radical. C«H«0. for Ibe several pairs of bracketed 

I ^ . .1 ..1 = 


(bmol. tb«. r” w"‘» .t iSi 

C*H*0 ; but in the first only one of these hydroge » ^ second formul* 

molecule, and is therefore easily replaceable by • hence glycocine 

contains two. and the third three, 
is monobasic, diglycollamic acid is dibasK^ and tngly 



^ GLYCOCYAliiMii^E— <5LYC0GEN. 

Piglyoollamic acid forms both neutral and acid salts, the ammonmm-salt \i^\r\a 
d*H*(NH<)NO*, and the copper-salt C*H*Cu*NO‘. Triglycollamic acid forma di* and 
tri-metallio salts, its harium-salt being C•H’Ba*NO^ and its silver-salt C®H®Ag*KO‘'. 

aiiTOpOTAlMmnrB. C*H*N*0. — An organic base homologous with crenti- 
nine, and related to glTcocyamine in the same manner as creatinine to creatine. The 
hydrochloratet C*H*N*O.HCl, is obtained by heating hydrochlorate of glycocyamine to 
160® 0. It is easily soluble in water, and forms, with tetrachloride of ylatinum^ the 
double salt^ 2(C»H‘N*O.HCl).PtCl^ + 2U='0. 

The base itself is obtained by boiling the hydrochlonite with hydrate of lead. It 
is easily soluble in water, has an alkaline reaction, crystallises in laminm, and forms 
with ckhride of zino a sparingly soluble needle-shaped salt, resembling the zinc- 
diloride of creatinine. (Sbrecker, Compt. rend. lii. 1212.) 

aXiTCOCjrAMZVS. A compound homologous with creatine (p. 98), 

produced by the union of cyanaraido, CN^H*, with glycocine, CWNO®. When a solu- 
tion containing these two bodies, together with a little ammonia, is loft to itself for a 
few days, colourless crystals of glycocyamine are deposited, soluble in 126 parts of 
cold water, more soluble in hot water and in acids, insoluble in alcohol. The hydro- 
chforatef C*II’N*0*.HC1, obtained by satunvting the base with hydrochloric acid gas, 
crystallises easily in rhomboidal prisms, and forms with tetrachloride of platinum the 
double salt, 2(C*H’N>0*.HCl).PtCP.3H^0, which becomes anhydrous at 100® C. 

By boiliug the solution of glycocyamino with various metallic salts, precipitates are 
formed consisting of glycocyamino in which 1 at. H is replaced by a metal. Thus, 
with acetate of copper^ a light blue precipitate is formed, containing 

O&TCOOSW. Animal starch. Animal dejotrin. Hepatin. (Cl. Her* 

hard, Cotnpt. rend. xli. 461 ; xliv. 578 and 1325; xlviii. 77, 763, and 884. — Henson, 
Wurzb. medic. Verhandl. vit. 219; Arcliiv. fiir pathol. Anatomic, ix. 214.~ Sanson, 
Compt. rend. xliv. 1169 and 1323; xlv. 140 and 343. — Sebiff, Coinpt. rend, xlviii. 
880. — E. Pelouzc, Compt. rend. xliv. 1321.— Bonnet, Compt. rend. xlv. 139 and 
673. — Kekul^, Heidelb. naturw. Verhandl. 1858, Jan.; Chem. Centr. 1858, p. 300. ■ 
Poggiale, J. Pharm. [3] xxxiv. 99. — G. Harley, Proe. Roy. »Soe. x. 289. — F. W. 
Pavy, Phil. Mag. [4] xvii. 142; Proc. Roy. Soc. x. 528; xi. 90. — G orup-Bosa nr z, 
Ann. Ch, Pharm. cxviii. 227. —R. M’Doniiell, Proc. Roy. Soc. xii. 476.— Gm. xv, 
183.— Jahresb. f. Chem. 1855, p. 734; 1856, p. 705; 1857, p. 553; 1858, p. 570; 
1859, p. 683; 1860, p. 683 ; 1861, p. 799.) 

A substance isomeric with starch, occurring in the liver and in the placenta (Ber- 
nard), and entering largely into the constitution of most of the tissues of the embryo. 
The liver of rabbits contains as much as 2 percent, of it (Kckulo); the muscular 
tissues of the foetus are full of the muscles of fcutal calves of 3 to 7 months yielding 
from 20 to 50 per cent 

Preparation. — 1. The liver of a quite recently killed animal is cut into small pieces, 
immersed in boiling water, pounded, and boiled for about an hour with a smull 
/quantity of water ; the liquid is then strained off, the residue squeezed out, and the 
ifiltrate precipitated with four or five measures of alcohol of 38 to 40 per ceut. Tl:e 
yellowiA white flocks are freed from sugar and soluble biliary mat ter by washing with 
a large quantity of alcohol, and from adhering nitrogonoiis substances by boiling for 
half an nour to an hour with concentrated potash-ley, whereby they are deoompo.scd, 
with evplution of ammonia ; the solution is ^en mixed with a snmll quantity of water, 
filtered, and precipitated with four or five measures of alcohol of 38 or 40 per cent. The 

O itate^ is freed from potash by washing with a large quantity of alcohol ; it is then 
red in a small quantity of water, the solution neutralised witli acetic acid, end 
again precipitated with alcohol. Purer glycogen is thus precipitated, while acetate of 
potassium remains in solution (Bernard). So prepared, it is apt still to contain cal- 
cipm-salts, which may be removed for the most part by repeated solution in strong 
acetic or cold dilute nitric acid and precipitation with alcohol. (KekulA) 

2. The fresh-filtered and cooled decoction of the liver is precipitated with glacial 
acetic acid, whereupon nearly pure glycogen is thrown down, the albuminous substances 
remaining in solution. (Bernard.) 

3. If the liver is washed out with cold water by inserting the nozzle of a caoutchouc 
. syringe into the portal vein, and driving a stream of cold water through the capillaries 
by carefhl pressure, a blood-red liquid is first obtained, then a bright rose-coloured 
^bqtiid, then a milky liquid, and at last water. The rose-coloured and milky liquFls 
are heated to boilings and the filtrate precipitated with two measures of alcohol of 90 
per cent. ; and the flocks which separate are collected after some hours, washed with alco- 
tliot ^solved in water containing acetic acid, and again heated to boiling. The filtrate, 
precipitated a second time with alcohol, yields flocks of glycogen in abnnclance, which 
must be freed from fat by washing, with ether, and dried in vacuo. (Oorup-Besanoz.) 
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Pr^^».-Glycog6n is a white mealy powder, exhibiting no particular form, even 
under the microscope. It is neutral, inodorous, and tastes like starch. Dried at lOflo o 
it contains 44-49 per cent, carbon, 6-49 hydrogen, and 49-02 oxygen fKekule^' 
agreeing nearly with the formula C*H‘»0», wliicli requires 44-44 U 6-17 H and 
49'39 O. ^ 

Glycogen forms with wafer an opalescent solution, which, in the ab-senee of fer- 
ments, does not undergo spontaneous nlterntion (Bernard). On evaporating the 
solution the glycogen sepm-ates in tilms (Henson). Glycogen is precipitated from 
its aqueous solution by animal charcoal (Bernard), and according to Bernard and 
Lolmiann, by acetic acid; but acconling to Gorup-Bcsanez, this precipitation does not 
take place, the solution being on the contrary rendeml clearer by addition of acetic 
acid. According to Bernard, it is precipitated from aqueous solution by basic acetate of 
lead ; according to Hensen it i.s not. *' 

Glycogen is quite insoluble in alcohol (B e r n a r d) ; slightly soluble. (Hensen.) 

Iodine colours it violet or bright brown-red, sehiom pure blue (Bernard); violet 
or most frequently rod-brown. (K e k n 1 ^.) 

Dccomjpoaitions. — 1. All reagents which transform starch into sugar, similarly 
change glycogen, first into a substance corresponding to dextrin, then into sugar 
(Bernard). Tho sugar so produced is identical with grape-sugar (Bert helot and 
de. .Luca, Coinpt. rend. xlix. 213). This ti’an.sformation is occa.sioned by dilute 
Tiiineral acids, diastase, and the ferments contuine<l in the blood, saliva, liver, and 
pancreas (Bernard). Boiling dilute sulphuric acid first clarifies the aqueous 
solution, and only prodneos .sugar after continued boiling (Koknle). — Neiilral aqueous 
glytmgen i.s immediately converted into sugar by saliva; tlio tmnsfonnation takes place 
veiy slowly, or not at all, in presence of free acid, caustic alkalis, or alkaline carbonates 
(Vuvy). If the glycogen contained in a concentrated decoction of livt'r or muscular 
tlesli is warmed with saliva, it ferments on the subsequent addition of yenst 
(Boggialo). Glycogen wlvicli has not undergone this preliminary treatment does not 
ferment on addition of yea.st. (Bernard.) 

2. By roasting^ glycogen is converted info a substance similar to dextrin (Bernard). 
The dextrin formed thus, or according to 1, rotates the plane of polarisation towards 
the right, does fiot reduce an alkaline cupric solution, is not coloured blue by iodine, 
aiul does not ferment with yeast. It gives a clear solution witli water, not with 
strong alcohol. (Bernard.) 

3.. Glycogen yields xyloidin when treated with concentrated 7iitnc acid; and oxalic 
fi(.*id when boiled with dilute nitric acid (Pelouze). If concentrated nitric iicid is 
poured over glycogen dried at 100'^ C., solution takes place after a few moments, and, 
if w'ater is immediately added, a quantity of xyloidin is obtained amounting to 130 
per cent, of the glycogen employed. If the nitric acid solution is allowed to .stand for 
some time, water precipitates a smaller quantity of xyloidin, and after several days 
none at all (Pelouze).— 4. Glycogen does not reduce an alkaline solution of a cupric 
salt, (Bernard.) 

Physiological rclaUons.^HhQ function of glycogen in tho animal economy is a 
subject on which the opinions of physiologists are much divided. Bernard, wlio 
discovered it, maintains, that it is converted into sugar in the liver, by the action ot a 
ferinoiit contained in that organ, and that this conversion of glycogen into sugar is a 
constant and normal function of tho liver. This view is founded on the observit ion, 
made by Bernard himself and others, that in carnivorous animals the blood ot tno 
portal vein is quite free from sugar, whereas that of the hepatic "veins con 


. (Compt. rend. xl. 228) loinici tnui wie pun^i aV the henatic 

k('pt fasting or fed entirely on meat was free . r 

vein contained a quantity amounting to between 0 6 and 0 , , , contained 

re.sidue of the blood. A^en tho dogs were fed on f ^of the dry 

only traces of sugar, the blood of the hepatic vein from 0-8 to j . p^r 

residue). The i^rt’al blood of horses feA on bran hay, and 

cent, sugar, that of the hepatic vein from 0*6 to 0*.) per cent. ( disappears 

inann aW found that in the passage of tho blood 

altogether and the albumin in great part; and ho ^ xf 207) obtained 

was formed from the fibrin of the blood. ! to the presence or absence 

results similar to those of Bernard and Lehmann, witl ^ that sugar 

of sugar in the portal blood acconiing to the nature of t « Ih'rs of d^s 

is a normal constituent of the blood of the general ou'- * » under favourable 

contain sugar whether the diet is animal or three entire days of 

Circumstances, sugar may be found bodies of animals fed on a 

rigid fasting ; and he concludes that the sugar found 
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mixed diet is partly derived from the food, partly formed in the liver ; that the livers 
of animals restrict^ to flesh diet possess the power of forming glycogen, which glyco* 
gen is at least partly transformed into sugar ; and that, as sugar is found in the lirer 
at the moment of death, its presence cannot properly be ascribed to a f09t mortem 
change, but is to be r^arded as the result of a natural condition. 

On the other hand, Figuier, Payy, and others find that the blood, after leaving the 
liver does not, under normal conditions, contain a larger amount of sugar than before 
entering that organ. According to Pavy, blood collected from the right side of the 
heart during life (by catheterism) contains but a trace of sugar, although when 
collected from the same part after death, it gives abundant indication of the presence of 
that substance. The heart excised instontaneously after sudden killing, contains blood 
as free from sugar as during life. Pavy also concludes from his own experiments, that 
the saccharine state of the liver, which has hitherto been looked upon as belonging to 
life, is the result of a post mortem change which takes place with lustonishing rapidity. 
The glycogen (or hepatin) in the liver is in contact with a ferment capable under cer- 
tain circumstances of transforming it into sugar, but this transformation does not take 
place during life, and moreover may be checked by the influence of acids, alkalis, 
extreme cold, and a heat sufficient to destroy and coagulate the ferment ; and by means 
of these agencies it may bo shown that if the liver contains any sugar at the moment 
of death, it is only to the extent of the merest trace. Carbonate of sodium iiyecled 
into the portal system during life causes a rapid disappearance of glycogen from the 
liver without any sign of the production of sugar. The livers of animals naturally of 
iiw temperature, such as the frog, oyster, and mussel, are free from sugar during life 
at me time of death. 

^ v. The i^estion of starchy and saccharine substances leads to a great accnmnlation of 
glycogen in the liver, that organ at the same time increasing greatly in size. The 
average weight of the liver of eleven dogs fed on animal diet was ^ of that of tlie 
animal, and an analysis of seven of the livers gave an average percentage of glycogi'n 
amounting to 7'19. Five dogs fed upon a vegetable diet gave an average weight of liver 
equal to ^ of that of the animal. An analysis of throe of the livers gave an aventgo 
percentage of glycogen amounting to 17‘23. Four dogs fed upon a diet of animal food wiih 
a large admixture of sugar, gave an average weight of liver equal to pig of tliat of the 
animal, with a percentage of glycogen amounting to M'r5. Similar results were 
obtained by experiments upon rabbits, showing that saccharine and amylaceous matters 
received as food are converted in the liver into glycogen. Pavy regards this fact as 
affording a strong argument against the supposition that sugar is formed in the liver 
during life, as it appears highly improbable that sugar should bo first transformed by 
the liver into glycogen, in order to be reconverted into sugar in the same organ. 

M'Donnel regards glycogen as the basis of an azotised protoplasma forming a con- 
stituent of blood. For if it be true — as appears from the observations of Lehuuinn, 
Brown-S^quard, and also of M‘Donnell — that the fibrin and much of the albumin of 
the portal blood vanishes in the liver, and that the liver, at the same time that it 
destroys these azotised compounds, forms its own non-azotised amyloid substance, and 
excretes bile containing so little nitrogen that it need hardly bo taken into account, 
the conclusion seems oWious that ** the nitrogen, which leaves the liver by no other 
outlet, may go forth in the hepatic blood in union with the amyloid substance, thus 
changed into a new azotised principle ; that thus the liver is a great blood-making 
organ, in which there is constantly going on a reconstruction of certain ingredients of 
blood; that in it, the fibrin, &c., which has done its work, is disintegrated, the 
hydrocarbons of the bile abstracted, and the nitrogen combined with the amyloid sul>- 
stance, which instead of being normally changed into sugar, emerges from the liver, as 
a constituent principle of the protdplasma, from wliich (to use the words of Bernard 
with reference to the foetal tissues) organic evolution is accomplished.*' 

O&TOO-BTOOBOUO ACXD. See Hto-oltcocbolic Acm. 


OXiTCOXii AMmONZe. See Amtlbnb, Htdratb of (i. 208). 

0&T00&. SeeETHYiBNB, Htdbates of (p. 574). 

0&T00&AMT&. The name given by Heintz (Pogg. Ann. cxi. 165, 291) to a 
diatomic radicle, which he supposes to exist in oxalic and saccharic acids. 

OliTOO&ZO aXBmUI. The ethers of the diatomic alcohols or glycols (p. 517); 
not to be confounded with glycollic ethers, the ethers of ^ycoUic acid* 

® .}o_, 


«&TOOIAAMn>B. CIPXO*° 




-This compound, Isomeric with 


^ycocine, is produced:-—!. By dissolving glyj^llide in aqueous ainmdttia,-<-r2. By 


the action of ammonia on glycollate of etl^^;(fo tnts).— 3. By the action of heat 


OLYCOLLIC ACID. gog 

urtronat* of unmoikitim : C*H>(NH*)0* = C*H*NO’ + GO» + H»n >pk:- . u i. 
at 160° a Mrith yMmt evolution of «rbonie anhydride f on conta^e h^ 
bouate of i^omum escap^ and^ length there remaine a residue whih LlScsTn 
codlmg, and when re^st^ed Item water yields beautiM crystals of clycX^de 
(Dessaignes, Compt. rend, xxxviii. 47.) j ui giycouamiae. 

alcohol, and maybe 



decomposition and not unite bases (glycocine melts with partial decom- 
position at 170«> and forms salts ^nth bases). It is not decomposed by potash in tli« 
cold; but when boiled potash, it yields ammonia and glycoUato of potaHsiuni 
in which respect also it differe from glycoeinc (p. 903). It is decomposed in a simifar 
manner by aqueous acids. Heated to 100=»C. in a current of dry hydrochloric acid 
gas, it unites directly wi^ the acid, forming a thick liquid, which ci^stallises on cool- 
ing, provided the action has not been too long continued ; but at a higlicr teniperaturo 
it IS decomposed, yielding sal-ammoniac and glycollide. (Ileiutz, Ann Ch Pharm 

cxxiii. 212s) . 

II lo 

O&TCOXiUO AOXD. C^H^O* « (CTPOy* j ^ (Socoloffaud 

Streckor, Ann. Gb. Pharm. Ixxx. 18. — ^Dessaignes, Compt. rend, xxxviii 44. 

KekuU, Ann. Ch. Pharm. cv. 286.— Gm. xii. 608; xiii. 436.— Oerh. i. 222; 
ii. 930.— Schulze, Zeitschr. Ch. Pharm. 1862, pp. 606, 682.— Drechsel, Ann. Oh# 
Pharm. cxxvii. 160.) 

Formation and Preparation,^!, BenzoglycoUic acid, C*H*(C'n^O)0* is resolved by 
boiling with water to which a little sulphuric acid is added, into glycollic and benzoic 
acids: the greater part is decomposed in the course of a few hours, but to render the 
decomposition quite complete, several days’ boiling is required. The liquid is evapo- 
rated as long as benzoic acid continues 'to separate on cooling, then neutrali.sed with 
carbonate of bariu^ filtered from the resulting sulphate of barium, and evaporated to 
a syrup. The barium-salt, which crystallises out on cooling, is dissolved in a Bnuill 
quantity of water, and decomposed by dilute sulphuric acid; the filtered solution 
evaporated to a syrup ; this residue dissolved in ether ; and the ethereal solution left 
to evaporate. (Socoloff and Strecker.) 

2. An aqueous solution of glycocine is decomposed by nitrous acid with evolution of 
nitrogen gas (p. 903) ; and the liquid mixed with ether and evaporated loaves glycollic 
acid. If the fiquid is evaporated immediately after the action of the nitrous aciil, the 
glycollic acid thus product is converted into oxalic acid. (Socoloff and Strecker.) 
Dessaignes, by the same process, obtained glycollic acid in the ciystallino form. 

3. Tartronic acid, C*H^O*, is heated to 180*^ C., till no more gas is evolved; the 
residue, consisting of nearly pure glycollide, is washed with cold water and dissolved in 
potash ; the resulting glycollate of potassium is precipitated by nitrate of silver, and the 
glycollic acid is separated from the silver-salt by hydrochloric acid. (Dessaignes.) 

4. By the action of alkalis on glyoxal or glyoxylic acid (Debus): 


C=IHO' 

Glyoxal. 


H^O 


2C»H«0« 

Glyoxylic 
acid. 


H»0 


. cni^o’ 

Glycollic acid. 

c^n^o* + C‘H*o» 

Oxalic Glycollic 

acHi* acid. acid. 

6, By boiling bromacetate of silver with water (Perkin and Duppa, i. 665): 
C*H*AgBrO* + H*0 « AgBr + C®H^O>. 

By boiling iodacetic acid with oxide of silver, or iodacotate of lead ^nth watw, or by 
decomposing the solution of that salt with sulphydric acid (Perkin and Dupp^ 
Phil. Mag. [4] xviii. 64). In like manner, by boiling chloracetic acid with caustic 
^-ikalis, ofT heating crystallised chloracetate of potassium or sodium, e. g, , 
2CH*KC10’.3H’0 « 2KC1 + 2C’n*0* + H’O. 

Chloiaoetate of potaerinai heated to 100 °- 120 ° C. becomes 
■icid waotion; a£d if the heat be continued tiU the ma^ 

digested with ether-alcohol. idycoUic acid dissolves and may be obtained by evapo™ 
tion as a yellowish syrup. It may be obtained colourless by Ih^cTvftallised 

<^5ncentrated solution of the chloracetate of potassmim or by lira g does 

Balt in a dosed tube for several houw to 120^-140- C «^d 

Hot crystallise : but bv decomposinff cbloracetate of silver with spy • ^ 
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mporatmg thci iUtrata to a 
Teiy deliquescent crystals. 


ap) glycollic acid is obtained in radiate gr%ps. of kree 
biul6, Ann. Ch. Pharm, <vr. 286.) v ' ‘ 

6. When glycol (CJ*H®(P) Ts dissolved in four times its bulk of bitric acid of specific 

gravity 1*33, and the solution, after standing for several days^ is concentrated in vacuo 
over quick-lime, an acid syrupy residue is Im, which, when disscdvojjn water, neutra- 
lised with chalk, and'^mixed with alcohol, yields a precipitate of ^collate of calcium ; 
and on precipitating tlie calcium by the exact quantity of oxalte acid required, and 
evaporating the filtrate in vacuo, glycollic acid is obtained in .ciystals (Wurtz, 
Compt. rend. xliv. 1306; Ann. Ch. Pharm. cii. 366). Glycollic add is also formed, 
together with other, products, when trityleno-glycol, is oxidised by nitric acid, 

and in small quantity—lactic acid being the chief product - when air, is slowly passed 
over a mixture of platinum-sponge and platinum-black moistened/ with tritylene^ 
glycol (Wurti!, Compt. rend. xlv. 306). ^ 

7. Glycollic acid is produced, together with glyoxal, glyoxylic acid iinSi other pro- 
ducts, by the action of nitric acid upon alcoliol (l^obus, see page 922). A quicker 


mode of preparation is given by Lautemann {Kolbe^s Org, Chem, L 678). A fow 
grammes of strong alcoliol are gently heated in a capacious vessel, with a small 
quantity of nitric acid, till the vessel becomes filled with red fumes of nitrous acid ; 
and when the action has been thus set up, about 6t)'J grms. alcohol of 20 per cent., and 
440 grms. nitric acid of specific gravity 1*34 are pour^ in. The reaction, which must 
bo moderated by immersing the vessel in water at 20° C. is complete in about 12 hours. 
Th^^ij ^ collio acid may then be separated from the other products in the form of a 
Ci^ci w-salt by JJ^bus’s method (see Glyoxylic Acid, p. 922). — Brechsel dissolves tlie 
^mixture (# glycollatc of calcium, glyoxal and glyoxylato of calcium in boiling water, 
^ESud boils It (for severd hours witli milk of lime, wherdby both the glyoxal and the 
glyoxylic acid are contjirted into glycollic acid- The hot filtrate fr^ from excess of 
lime , by carbonic acid yields tolerably pure gly collate of calcium ; anor by decomposing 
this salt with oxalic ‘acid, neutralising the filtrate with carbonate of lead, and 
evaporating, the neutral glycolluto of lead is obtained in well developed crystals. 
The hot aqueouij aplntion of tllis salt, decomposed by an equivalent quantity of dilute 
sulphuric acid, yields a solutiui of glycollic acid, which may be crystallised by 
evapoiation to a syrup at 60° or 70° C., afterwards in vacuo over oil of vitriol, and 
purmed by recrystallisation from anhydrous other. 

In the mother-liquor obtained in the preparation of fulminating mercury (p. 732), 
Clocz (Compt. rend, xxxiv. 864) found an uncrystallisable acid (which he called 
Homolactic acid) having the composition of glycollic acid. 

8. By the action of nascent hyorogen u^)on oxalic acid, + H* = C-II^O* + IPO 

(Schulze). An aqueous solution of oxalic acid is boiled with sulphuric acid, and excess 
of zinc powder gradually added as long as hydrogen continues to escape ; the filtrate is 
neutralised with lime, &c. as above ; the calcium-salt is converted into a basic lead-salt 
by precipitation with neutral acetate of lead ; and from this salt tlie free acid is prepared. 
According to Church, glyoxylic acid is produced in this reaction, as well as glycollic 
acid, and afterwards converted into glycollic add by boiling with limo (see No. 4). A 
larger quantity of glycollic acid mayTbe at once produced by conducting the process so 
as to increase tbc eneigy of the roaucing action as much as possible. With this view, 
Church adds oxalic acid in successive small portions to a lai*ge quantity of zinc and 
sulphuric acid heated over a lamp ; keeps up a br’sk ©volution of hydrogen for some 
homrs; boils the liquid with excess of zinc till all the acids present are saturated; then 
adds excess of lime, saturates the whole with carbonic acid, boils, and filters. The 
filtrate on concentration deposits abundance of glycollate of calcium in concentric tufts 
of fine needles. The mother-liquor contains a peculiar acid, isomeric with acetic acid. 

9. By the action of nitric acid upon acrolein (Claus, Ann. Ch. Pharm. Suppl. 
ii. 119\ — 10. By the action of boiling water on the brominated oil obtained by treat- 
ing annydrous glycerin with bromine. (Barth, p. 890.) 

Propertm , — Glyoollic acid appears to exist in two, if not in a ^eater number oi 
isomerie modifications. The acid which Socoloff and Strocker obtained from hippunc 
acid, and that found by Cloez in the mother-liquor of the preparation of fulminaif 
silver, were syrupy and uncrystallisable. All the other processes above pl^en yield 
cryst^sable acids ; but those obtained by Bessaignes from glycocme and from tar- 
tronic acid, and that which Kekul^ prepared from chloracetic acid extremely 
deliquescent, whereas Brechsel’s acid, prepared by the action of nitric acid oh alcohol, 
deliquesced only in veiy damp air. This acid exhibits the foUoiyiPg proper tieg^ ^ B 
crystallises from anhydrous ether by slow evaporation in beahtffcl regidar ci;^^ 
w a very sour taste; dissolves easily in water, alcohol and ether; is pemahe^mdry 
or in moderately damp air, but deliquesces in very damp air, the deliquesced 
cryatalliring amn in regular crystals on being Removed to a dry atmospjbew. It 
it 78® or 78® u., and after j&ooliiig remains jii^tud for some time, but solidifies in tne 
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rith a pointy body. . When heated in a retort, the 
glycoUk acid passing over as the tem- 
loO It gives off extremely pungent vapours, and 
eipMure to the air gradually solidifies to a deli- 
t Mi - ... reduction of oxalic acid behaves in a’ 

Bimilar manner^ ojit aoea not begin to decomposo till heated abovO' 180® C. (Schulze ) 
The acid pirep^d from alcohol, when kept for some time in the fused state at the 
temperature of the water-bath, gradually loses its property of reciystallising and is 
ultimately converted into an uncrystallisahle syrup containing a higher percentage of 
carbon than pure glycollic acid, and consisting probably of a mixture of that acid with 
glycoUide. The syrupy aeid thus produced can only bo partially brought back to the 
crystallisabla atatw by boiling with water, and forma with bases, salts which differ in 
some respect^ from those of the crystalline acid. (See below.) 

GLYCOi-nil*B«. — Glycollic acid is diatomic but monobasic (like lactic acid) only 
one oi^its typic h^jdrogen-atoms being saline, that is, replaceable by metals. The other 
is alcoholic, that is to say, more- easily replaced by acid' radicles, as in benzoglycollic 
acid (see Glycollic STUisiiS, p. 916). This difference between the hydrogen-atoms 
may bo conveniently r^resented in the rational formula, by writing the alcoholic H 
above, and the saline H below. The general formula of the luetamc glycollates will 
H CTPO 

then be (OTPO)"f'^; that of benzoglycoUic acid, (CaPO)" 

M H 



crystalline IMa nn being touched v 
iused add l^lns to boil at 100® 0 
porature conflnuaUy Jsaos. Above 
yields an oily disjiUate^ which on 
nuescentcrvstaUuie magma. The a 


Glycollate of Ammonium (with excess of acid), C2H*(NH*)p* C*H*0*— -This 
salt is obtained by repeatedly evaporating a solution of glycollic acid in^ ammomai 
also by evaporating the mother-liquor which remains in the prepai*ation of glycollrf? 
mide (p. 908), l^uie action of ammonia on acid glycollate of ethyl. It crystaUiaos in 
concentric grou^ of slender needles, which are easily soluble in water and in boiling 
alcohol, have a strong acid reaction, and cannot bo dried at 100® — 110° C. without 
decomposition. (Heintz.) 

Glycollate of Barium, CWBa'W, separated from a moderately concentrated 
solution forms large transparent crystals ; if the solution he evaporate*! to a syrup 
the salt separates in crystalline cnists (Kokul4). It molts when heated, f«)rmiijg a 
clear liquid, which crystallises on cooling. At a stronger heat it is decomposed, leiiviug 
carbonate of barium. Dissolves in 7*91 pts. water at 17° 0. (Schulze.) 

Glycollate of Calcium, C*H**Ca"0*, obtained by boiling the dry acid with lime- 
water, removing the excess of lime by carbonic acid, and concentrating, separates on 
cooling in stellate groups of asbestos-like needles. It dissolves sparingly in cold water, 
but sufficiently to give a precipitate with alcohol. The crystals contain water, | at. 
according to Schulze, which tliey give off at 100® C. At a higher temperature the 
salt burns away, loa^•iIlg carbonate of calcium (Kekule). Debus, by neutralising' 
glycollic acid with chalk, precipitating with alcohol, and recrystallising from water, 
obtained crystals containing 3 at. water, C'H‘*Ca"0*.3H*0, which they gave off at 
100®, or a little above. A double Siilt of glycollate and glyoxylate of calcium, 
C<II‘‘Ca"0*,2C^H®Ca"0® + 2H*0, crystallises from the mother-liquors obtaiiied in the 


preparation of glyoxylic acid (p. 922). 

Glycollates of Lead.— Tho neutral salt crystallises from a solution of th« husm 
salt in free glycollic acid, in beautiful shining monoclinic crystals resembling those 
gypsum. It dissolves in about 31 pts. water at 17® C., but is dcwnipjswlat the Same 
time into the basic salt, which is precipitated, and free glycollic acid (pcJin ze). i 
neutral load-suit prepared from crystalline glycollic acid (by neutralising i 
bonate of lead) crystallises iu monoclinic prisms, exhibiting the fa^es oo 
Inclination of clinodiagonal to principal axis ^ 36 i * J Mnmotinies 

= 129° 10'; oPr <x,P = 94° 40': oP: ooPco = 97° 
short prisms, sometimes tabular from predominance of ooPoo . is 
valor at 15° C. Tho load-oalt prepar^ from the ?y^Py 

position, but forms pointed crystals which appear as if they angular 

«y8tom,.lut the facos wore to8 much otriated and cu";od to ^ t of exact anguiur 
mojumrement. Soluble in 36-9 pts. water at 16 C. (l)recnsei.; 

A basie PbO.C'H*Pb"0«, is obtain^ Jho neut^ 

calcium-salt in not mpze than 100 pts. water with .InMimnoaed bv the water as 

salt being probably formed in the ^„ee/^ore quickly and in 

is above ^Ution^t.with baste acetate of l^d .t w /early a- 

greater quaijtity. It is ciystallme, requires ^^id, and in acetals 

Tnuch hot water to dissolve it ; but is easily soluble m free aceuc uciu. 

of lend, whether heutxal or basic. (Schulze.) «law eranoratiop 

Glycollate of Magneeium separates from aqueous soluUon by slow erspora 
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I and laminsBu It does not 8weU heatod. 



m 

ita nodular g 
(Scbulse.) 

Glycollatt of^ Silver, C*H*AgO* separates on mixing a hot aq^iieons solution of 
the cucinm-salt with nitrate of silrer, ana living liquid tO Ooot— in spangles if 
the solution is rather strong, in laminae from weaker solutions: tt dissolves sparingly 
in cold water, is decom]^ed by boiling with water, and is insoluble in alcohol 
(KekuU). Bessaignes, oy mixing a solution of glycoUide in potash with nitrate of 
silver, obtained a precipitate which soon became crystalline, dissol^ readily in hot 
water, and separated therefrom in large c^stals having the composition of glycoUate 
of silver containing i^ter : C^H*Ag"0* + H*0. 

The 8ilver*8fdt prepaid from ciystalline glycollic acid crystallises easily, and with 
great beauty that from the syrupy acid decomposes very quickly. (Brechsel) 

Glyeollatt ofZinc^ C*H*Zn'W2H*0, crystallises in tufts of needles or prisms, 
which give off their water at 100® 0. When the salt in excess is shaken* up with water 
at 17^0., a solution is formed, containing 1 pt. of the anhydrous salt in 31*6 pts. 
water ; but in hot water supersaturated solutions are formed, which after cooling to 
17^ may contain as much as 1 pt. of the salt in 26-14 pts. water. (Schulze.) 

The crystalline acid yields a zinc-salt which crystallises in well developed needles ; 
the syrupy acid, a salt which forms microscopic four- or six-sided taolets. Both 
require 34 pts. water at 16® C. to dissolve them. (Drechsel) 

Derivatives of Glycollic add. 

See AcBTooLYcoixAra op ethyl (p. 917). 
C®HW (See yoL i. p. 646.^:^ 

ie a^d. C*H*BrO* « | Of* (Perkin and Buppa, 

Chem. Sec. QjBL fi 6.) — ^iS^uced by boiling dibromacetote of silyer with water; 

^ COTAgBr^O* + H*0 « AgBr + Q^H^BrO*. 

It forms a silyeivtfalt which, when heated with water, yields bromido of silver and 
glyoxyHc acid, C*H<0* (p. 022) : C*H^AgBrO» + H»0 « AgBr + Cm*0\ 

l^lglyoom© ftold* C*H*0* ■■ | acid, — This acid, which 

is iMmerie with malic acid, and stands to glycollic acid in the same relation as diethy- 
lenic to monoethylenic alcohol, is produced by the dehydration of glycollic acid ; 

H*0 ** C*H*0*, and by the oxidation of diethylenic and triethylenic 
alcohols. ^ It wu discovered by Heintz (Fogg. Ann. cix. 470 ; Jahresb. 1859, p. 362), 
who obtained it in pi^aring glycollic acid hj heating chloracetate of sodium with 
caustic soda, and gave it the name otparamalic acid. W urtz soon afterwards obtained 
an acid of the same compomtion, which he called diglycoUi o acid, by oxidising diethy- 
lenic alcohol with nitric acid or with platinum-black (Compt. rend. li. 162 ; Jaliresb. 

1860, p. 444) ; and Heintz subsequently showed (Po^. Ann. cxv. 280, 452 ; Jahresb. 

1861, p. 440} that the acids obtained by these two methods are identical. It is 
also produced by heating glycollic acid to 200® — 240® C., but the greater part of it 
then suffers further decomposition, yielding glycoUide, C*H*0*, and a smaU quantity of 
dioaymethylene. Its formation from chloracetio acid probably takes place thus : 

X. CfBPClO* + 2NaHO - C»H«NaO* + NaCl + H*0. 

Chleracetlc Glycoltate of 

scld. sotiium. 

2. 0*H«C10« + C*HfNaO» • C*R*0* + Naa 

Chloracetlc GlycoUate DIglycollic 

acid. ofsoditiia. acid. 

Preparation , — 1. From (MoraoeUo add. The acid, mixed with a large quantity of 
water is fslightly] supersaturated with slaked lime and the solution is boiled till ib 
again exhibits an add reaction; more lime is then added, and this- treatment is 
repeated tiU the alkaline reaction no longer disappears, even after prolonged boiling. 
The exccM of lime is then precipitated from the boiling liquid by earbome ad^ 
the solution is filtered: it then on cooling deposits a considerahlo quantity of 
diglyeollate of caldum in colourless crystals The liquid filter^ deposit 

yields by evaporation, after the chloride of calcium contained in It ^ he^ extr^^ 

absolute amhol, a residue which still contdnsdiglycolUte of c^ldiihi^ tpiethdr^^^^ 
a small quanti^ of glyeoUate, from which it may ^ freed by recrvluSisatioii^ th^ 
diglycolhite bei^ znu& the less soluble of the two. The d&lj^ilste of 
ixmsd ^th a mixture of ammonia and carbonate of ammomam, yields Ae add 
i ii i moii i jim -saU| and the solution of this salt saturated with ammonia and uu^ed 'irith 


GLYCOLLIC ACID, DERIVATIVES OP. 913 
by d^pwitio^^h ™“y ‘>® 

soUdifles to acrystollino moss; and by .bSn/ thi, r l!' r’ 
with mflk of lime, heating to the boilin^/poiijt flltiTinir h, a."!"*’,*'’ '*'?■•*’■> saturating 
flltering again and loaring the filtrate to^l’ diglyeo?late 'of''^e^p!?“ of calcium, 
long shining needles. The boiling aqiieoiw solution of tliis "* 

silver yield^a precipitate of digl.ycollate Silver and this 

hydrogen, yields diglycollic acid. (Wurtz) ’ ’ posod by sulphurcUod 

A liquid oontaining nitmte of silver and milk-sngar nsi>d in pliotograpby for dinninn 
papers impregnated wi h succmie and, eitrie acid, &o. has boon foUnd XX"! 
usage, to depiMit a silver-salt isomene with malato and diglyeollat; of s h” r 
(Kammorer, J. p. aiom x^vui, .121 ; Jl&p. C'him. pure, 1803. i,. 370)! Tho aeb 
obtained from this sa t, called by ita discoverer isomalic acid, is pi.rh’ips identic 
with diglycoUic m-id ; but the identity i.s not quite e-stahlishcd. (See Isomiiic a" > 

Prowrfura.— Diglyeolhe acid crystallises in thick rhombic prisms' contain m. 
C'll"0‘.H-0 (Wurtz) ; in raonoclinic prisms (Heintz). It has a vorv sour taste is 
inodorous, and has no action on poluri.sed light (Heintz). Tho c;ystals cive’off 
their water slowly m the air at ordinary temperatures, quickly in vacuo or at 100° C ■ 

H’Y/ijfn «l>“-”‘«’y i“ ether. Tho ilrjr aeid nielta 

at 148° G., and solidifloa in the crystalline form on cooling. Between 250^4270° C 
it dccompc^ses, giving off a gaseous mixture contiiiniiig but little ^ailKSjic anhy^ 
dihle, burning with a flame, and leaving a residue which, when over tL 

open fire, yields a thick nt^ngly acid liquid, which after a while solidffies to a crys- 
tal ine mass. . 

BiGi.YCOiXATRS.— piglycollic acid is dibasic, forming nnttral salts, nnd 

acid saHs, Tlie neutral diglycollaf es of tho alkali-metals arc easily soluble 

in water ; the rest are sparingly soluble, and may bo obtained by precipitation. The 
solution of the free acid is not precipitated by livie-watcK but gives proeipitates after 
a while with baryta^ and strontia-water. Nitrate of silver procipitatea it only on 
addition of ammonia ; tho precipitate is soluble in excess of utnmonia, but Kcparutes 
out unaltered on boiling tho solution. The solution of tho ammonium -salt immedi- 
ately forms white precipitates with •nitrate oi silver and mcrcunms nitrate; wliito 
crystalline precipitates after a while with ac(^tate of lead and sulphate of zinc; blue 
crystalline with sulphate of copper; and reddish crystalline with nitrate of cobalt. 

Diglycollate of Ammonium (acid), C^1P(NH’')0*, obtained by boiling the 
calcium-salt with ammonia or carbonate of ammonium, then filtering ami eviqmratiug, 
forms long mofioclinic prismatic crystals, insoluble in common alcohol, very sparingly" 
soluble in boiling absolute alcohol (Hoi ntz). The neutral ammonmm^safi has not 
been obtained pure. 

Diglycollate of Darium, dl^Ba^OMI-O.— Obtained by precipitafing the solu- 
tion of a neutral alkaline diglycollate with chloride of barium, as a white crystalline 
precipitate, sparingly soluble in cold water, insoluble in alcobol. It must be recrys- 
tiilliscd to free it from chloride of ammonium and excess of chloride of barium, which 
adhere to it somewhat obstinately, and cannot be removed by washing. (Heintz.) 

Diglycollate of Calcium, CWCa"0*.6lPO, prepared as above described, erp- 
tallises in long shining needles, nearly insoluble in cold, sparingly soluble in boiling 
water. It gives off its water at 160^ C. (Wurtz), at 180° 0. (Ileintz.) 

Diglycollate of Copper, C^H*0uW — Blue, sandy, slightly crystalline pre- 
cipitate, which dissolves slowly in water, taking up at the same time a certain quantity, 
which may be expelled to the amount of 3 per cent, at 180° C. Tlie uudried salt pro- 
bably contains 2C«H^Cu''OMPO. (Heintz.) 

Diglycollate of Lead, C^II^Pb'’0\ obUiincd by precipitation, as alioye described, 
forms white microscopic crystals, which dissolve sparingly in water, easily in 
and in hydrochloric acid, and begin to decompose with slight coloration at 200 Ci. 
(Heintz.) 

Diglycotlate of Magnoium, obtained by saturatinR the 

aqueous acid with magnesia, forms small prismatic crystals, wliich do not give off their 
water till heat^ above 200- C.; the anhydrous salt is not decomposoa at , 
(Heintz.) . i , n - 

DiglyootlaU, of PotaiHnm—tiio add salt, C*n*KO». w sparingly "> 

wato, aid aeparatoa 'in crystals when one-half of a Al, aro 

tralised with potash, and then mixed with the other half (WurU). The y U 
trimetric com^nationi, oofoo . ooP . P«. Inclination of ooP . <*! - na s 

Vot. II. 3 N 
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I^co ; Poo orer the principal axis 118^ 30' (Heintz). The fiolution left to stand 
in an open ressel becomes covered with mould. The salt blackens when heated, giving 
off the odour of burnt sugar (WiirtzJ. The neutral ealt^ C*H*K*0*, obtained bv 
neutralising the free acid or the preceding salt with potash, crystallises in long deli- 
quescent needles. (Heintz.) 

Diglyoollate of Silver, C^H^AgW, is obtained as a white granular precipitute 
on adding nitrate of silver to a boiling saturated solution of the calcium-suit. 
(Wuptz.) 

Biglycollatee of Sodium. — Tho acid salt, C*H®NaO“, forms small tabular erj^s- 
tals, sparingly soluble in water, but more soluble tlian the acid potassium-salt. The 
neutral salt is not deliquescent ; it is insoluble in alcohol even at the boiling heat. 
(Heintz.) 

Biglycollate of Sodium and Potassium, C^IPKNa0*.2lI®0, obtained by exactly 
satpniting the acid potassium-suit with soda, forms small tabular prismatic crystals, 
which have a nacreous lustre, arc insoluble in alcohol, and melt in their water of crys- 
tallisation at 100° C. An ammonio-sodic salt has been obtained, but not in the pure 
state. (Heintz.) 


Bigly coll ate of C'HW'O^.H'^O, resembles the barium-salt, aiul 

is prepared in a similar maimer, but is more easily obtained in a state of purity. 
(Heintz.) - 


BlglST^o^tbyleiilc aold. 


{cmr ) _ 

2(C'-ir"0 )" 1 0 V ^ W u r t z, Compt. rend. 


li 162; Jahreib. 1859, p. 44G.)---This acid is produced, togetwwith diglycollic acid, 
by the oxidation ^of tnethylonic alcohol (p. 577). Thif compound is oxidi^ by 
nitric acid in the same way as dicthylenic alcohol j netttriitfrihg the jilting 

acid liquid with milk of lime, andt. nroceeding nesS^al dei^c^^d at 0 . 611, two 
calcium-salts are .obtained, viz. the oiglycollate, whic^is sparh^ly^^luble, ahj the 
^gly cole thy lenate, C‘'H‘'Ca''0‘’, whi(A is ranch more soluble, and dylfalliseB ih silky 
tufts, having the aspect of asbestos. Tim aqueous solution of this salt gives with 
nitrate of silver a white precipitate, from ^lich, by decomposition with sulphuretted 
hydrogen and evaporation, diglycolethylenic acid may bo obtained in the form of a 
non-ciystallising syrup. > . 


O&TCOUbXO MTlkWOn* Oa:acctic Ethers . — By treating chlomcetic acid with 
sodium-alcohols (methylate, ethylate, &c. of sodium), Heintz (Pogg. Ann. cix. 3(U 
and 489; cxi. 662; cxiv. 440 ; Jahrosb. d. Chem. 1859, p. 368 ; 1860, p. 314; 1861, 
p. 446) has obtained a number of compounds having the composition of acid glycolUc 
ethers, that is to say, ethers derivable from glycoUic acid by the substitution of a 
monatomic alcohol-radicle for one of the typic atoms of hydrogen, their formation 
being precisely analogous to that of glycoUic acid itself by treating chloracctic acid 
with hydrate of sodium or potassium, e.g . : 


C^H^CIO* + 2HNaO 
Chloracetic Hydrate of 
acid. sodium. 

C^H»C10* -h 2C’*‘H‘NaO « NaCl 

Chloracetic Ethylate of 
acid. sodium^. 


NaCl + H*0 + C*H»NaO* 

GlycoIIate of 
sodium. 

C*H®0 + C*II‘'Na(CW)0» 

Alcohol. 

sodium. 


Ethyl-glpollate of 
odlu 


The ^compounds thus formed possess the essential character of the acid ethers of 
dibasic acids, that is to say, they are capable of exchanging one of their atoms of 
hydrogen, and no more, for an atom of a metal or another alcohol-radicle ; ethyl* 
glycoUic acid, for example, forms a potas-sium-salt, C*H’*K(C*H*)0*, and an amyl-stilt, 
C‘‘*H*(C*H**)(C®H*)0*. But they do not appear to be acid ethers of glycoUic acid in 
exactly the same sense that ethyl-sulphuric acid is an acid ether of sulphuric acid : 
for wnen heated with excess of alkali, they are not resolved into glycollic acid and 
an alcohol. Methyl-glycolUc acid, for example, heated with hydrate of sodium, 
does not yield methvUc alcohol and gijrcoUate of sodium; neither does it yield bonzo- 
glycoUic acid when heated with benzoic acid. 

The molecule of a monatomic alcohol-radicle which enters into the composition of 
these acid ethers appears then to be more intimat^ combined than in the ordinal^ 
acid ethers of dibasic acids ; and for this reason HeinU suptK)6e6 tbiatthU alc^ 

radicle takes the place, not of an atom of typio hydrogen in the formula 

but of an atom of hydrogen within the radicle of the acid ; moreover, since th^’etheJJ 
thus formed are monobasic acids, he derives them ftorn' a monabasic oxacetie acid 

reprosrated by the formula ® .p*) 1 0, and designates them es ntefhyl^-of^^^ 
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Wurtz, on the other hand (Ann. Ch. PhvR rjil j . 1 . 

as true acid ethers of glycollic acid, analogous to ^dd 
attributes the non-fbrmation of glycollic acid and «n 1 1 ^ 1 ^ 

,1,. P.OJ. 10 U.. 6 « U JlVtaia 

+ 2KUO = (C^H^Orjo* + CWjo + IFO 

cannot, toko place. HeiiiK however, Ims showii Unit wlu n ehlorawtate of ctl.vl u 
l«,atcd with rather "> 0 ™ than an equivalent quantity of glyeollate of aodinaq atnl;; 

acid glyeollate of ethyl, |o» in ohlained, whieh, when heaf.d with exceaa of 

a jnctalHc l^o. yield., ethylic alcohol and a metallic glyeollate. Moreover, the ethvl- 
aalt of amyl-oxacetic acd and (he amyl-salt of .■(.hyl-oxaeelieaeld, though donlS ht 
percentage composition, differ both m physical propeH.ies nod chemical rcacfioim 
winch could not ho the caso if tho ethyl and amyl contained in them discharged m- 
cisoly Biinilnr fimetions, like the two atoms of metal in an ordinary double silt 

Ihe reactions of ^ hodi™ nmy, however, Ix) aecounled for,' tvilhout supposing 
them to bo derived Wan atad difFevent fi-om glycollic aeid, or to be foi-mcd on any 
licciUiar typo. GlyAmic acid is iiitormodijito in oomposili ' - - • ^ 

parties, between ^lyM and o-xalic a<‘i<l : 

A.- H 


ooTnposil iun, :iml tluTi'forc in pro- 




0’ 


\0 

c ipor 

H }0 
Glycollic acid. 


i^( 

Oxalic HCitl. 


0^ 


Each of theso compounds contains two atoms of typic, that is, replaecnbld liydrogen- 
but in glycol Ijoth those atoms are aleohofic, i,(\ easily rt'plaeoaMo by ncid-radicles’ 
much loss easily, and only under the inflnerico of powc'rful roagt nts, liy metals or 
aleohol-rudiclos (p. 576) ; and tlicse latter, when onco forced into it, Jir<i not easily dis- 
l)laced, c.g. by boiling with potash. In oxalic acid, on the contrary, both atoms of 
typic hydrogen arc saline, that is to say, easily replaced by moUils by ordinary donbJ«> 
dccoinjmsition ; while in tho intormodiato compound, glycollic acid, one atom of typi(‘ 
liydi'ogcii is alcoholic, and the other is saline. Hence it is that glycollic aci<i (like its 
homologuo, lactic acid) exhibits with metals the cliaractcrs of a monol^asic acid 
(p. 910), wliile, on the other hand, it easily forms derived acids in which oik* atom of 
the typic hydrogen (placed, for distinction, at the top of the formula) is rciilaced by an 

acid radicle, c.g, hcnzoglycollic acid, (C-'II'^O)"/ (i. 518), the remaining atom of typic 

hydrogen (placed at tho bottom) being still replaceable by metals, so that tlie derived 
acid is also monobasic. (Kokulo, Lehrbuck, i. 130.) 

Now, when glycollic acid is formed from chloracetic acid, \vc may suppose tliat the 
original saline hydrogci^-atom of tlie acetic acid retains the same functions in tho 
glycollic acid, and that the Iiydrogcn-atom whiefh enters (as 110) into tho place of tho 
clilorinc-atora, becomes tlie second (alcoholic) Iiydrogon-atom, replaceable by benzoyl 
and other acid-radicles, but not easily by metals or alcohol-radicles. 'J'lie fiincfion 
of this hydrogen-atom is in fact almost exactly like that of the hydrogen in common 
alcoliol. When either the one or the other is replaced liy ethyl, the product does not 
yield alcohol by boiling with potash. Hence the following equations are not only 
comparable in form, but they likew'ise indicate similar changes of properties in the 
substances concerned: 


C*H'‘C1 

ChlorMo of 
ethyl. 


C*H»0*CI 

Chlomcctie 

acid. 


CHHKO 

Ethyliite of 
potusbium. 


(PH“KO 

Ethylate of 
potassium. 


gi'ljo , Ka 

Oxide of 
ethyl. 


CTI* )o 

EUiy1-Klyco***c 
aiid. 


+ KCL 


aiiu. 

We conclude^ then, that ethyl-glycollic acid and its horaologiics (also ^ 

fponding lacUo ethers) differ from common oUicro, and from iromcnc 

by BimUar replacement of the saline hydrogen (c.< 7 . glyeollate of ethyl [p. 917J y 

3 N 2 
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the &ctio 0 of chloracetate of ethyl on glycoUate of eodium), not hecanae they are 
formed on a different type, but because me alcohol-radicles are introdnced into their 
molecules in a different manner. (On the sense in which Heintz’s formnlse are ad- 
missible, see FoRMULjG, p. 704.) 

Metbyl^gl joolUo aold. MethyUoxacctic add. C*H*0* =» — ^Isomeric 

H 


with lactic acid. Prepared by dissolving 2 at. sodium in methylic alcohol, and mix- 
ing the solution with 1 at chloracetic acid. The mixture becomes heated and depositj 
chloride of sodium, and on decanting the solution of methyl-glycollate of so^um, 
mixing it with solution of sulphate of sine, evaporating to ^ness, and treating 
the residue with alcohol, a solution of methyl-glycollate of zinc is obtained. On 
decomposing this suit with sulphuretted hydrogen and distilling the filtrate, pure 
methyl-glycollic acid passes over as a colourless viscid liquid, which is nearly inodorous 
at ordinary temperatures, mixes with water in all proportions, and absorbs moisture frotn 
the air. Specific grarity IT 80. 

Methyl-gly CO Hates. — The ammoniutn-saH this salt is a very deliquescent 
crystalline mass.— The barium-salt, forms colourless transparent pris- 

matic crystals, easily soluble in water, nearly insoluble in alcohol. — The calcium-salt, 
C®H*®Ca"0*.2H‘''0, is gummy, but gives off water and becomes crystalline when left 
over oil of vitriol. — The copper-salt, C*H‘®Cu'0*.12H*0, obtained by boiling the 
iiqueous acid with carbonate of copper, forms greenish crystals soluble in water and in 
alcohol. The crystals aro monoclinic prisms exhibiting the combination ooP.oP. 
[Poo]. Inclination of ooP: ooP in the clinodiagonal principal section * 109° — 111°; 
oP : ooP = 84°— 80°. — The lead-salt, C*H'®Pb"0", preptired in like manner, is soluble 
in water, and even in absolute alcohol, and dries up to a white cryaljlline mass re- 
sembling wavellite. — The potassium-salt, C’H®K0*.4H*0, is solubt? in water and 
in alcohol, has a groat tendency to form supersaturated solutions, and crystallises from 
water in large transparent prisms permanent in the air. Ether precipitates from the 
alcoholic solution a salt containing a smaller proportion of water, probably 3 at. 
(29*7 per cent.) — The silver-salt, C*H®AgO*, is a crystalline precipitate, which separat es 
from solution in hot water in delicate flat needles, and does not melt at 100° C.— Tlic 
sodium-salt, C*H*NaO*, is anhydrous, deliquescent, and is precipitated by other from its 
alcoholic solution as a syrup, which dries up to a crystalline mass under the air-pump. 
— The zinc-sdt, C®H“*Zn"0*. 211*0, forms acute rhombic octahedrons truucfited by the 
face oP, parallel to which the crystals are perfectly cleavable. P : P in the terminal 
edges = 123° 19' and 67° 23'; in the Iat.eral edges 146° 43'. 100 pts. of water at 
18'4°C. dissolve 27'4 pts. of the hydrated salt. It is also soluble in alcohol. 

C*IP }o 

Stbyl-glycolllo acid. Ethyl-oxacetk aad. C'lPO* « . (Heintz, 


Pogg. Ann. cix. 489 ; cxi. 662. — Jahresb. 1859, p. 360 ; 1860, p. 314.) — ^Prepared by tlio 
action of ethylate of sodium on chloracetic acid in presence of excess of absolute al- 
cohol. The resulting mixture is filtered from the chloride of sodium, which soparalos 
out, and the alcohol is distilled off. Tho residue dissolved in water is mixed with a 
quantity of sulphate of copper rather more than equivalent to the quantity of sodium 
used ; the mixture is evaporated to diyness over tho water-fmth, and the residue is 
exhausted with alcohol. * The resulting solution, which contains nothing but cupric 
ethyl-glycollate, together with cupric chloride, is evaporated, and the residue 
repeatealy crystallised from water. To prepare the acid, the copper-salt is decompo^d 
in hot aqueous solution by su^phydric acid, and the clear liquid is distilled, the portion 
which goes over at about 200° C. being collected apart. 

At a liighcr temperature tho acid is decomposed, yielding a colourless distillate, 
which after a while doi>osits white pulverulent dioxymethyleno, C*lPO’ (see Metiiy- 
I. 15 MR) : but if the distillation be so conducted that the undecomposed acid can flow back 
again, it is for the most part resolved into glycollic acid, which remains in the retort, and 
ethyl-^ycollate of ethyl, C*Il*(C*n®)(CW)0’, which distils over togethw with aquwus 
ethyl-glycoUic acid, the two liquids forming separate layers in tho receiver: 

2C<n*0» « (PJl'O* + 

Etbyl-glycolllc Glycollic Bthyl-glycollate 
ucUl. acid. of ethyl. 

Ethyl-glyoollic acid distilled with iodide of phosphorus gives off iodide of ethyl and 
acetic acid, and leaves a residue containing glycollic acid. 

Ethyhylycollatss.— The barium-salt, C*H**Be"0*, is veiy soluble in watwAndin 
alcohol, and crystallises after some time ftrom the syrupy solution. 

* The undiiiolved residue contaioi, besides sulphate of copper, a small quantitv of aoi^er-Mlti 

tparingly soluble lu water, and haring the compoiUlon of glycollatc of copper, CiH®Ctt‘'0*. 
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partially redT^aUh^bomug'Ct-^fi^^^^^^ 


C*H» xn 

Kthyl-glyeoUaU of Ethyl, C*H'*0’ = (gn’Oy'{° is obtained as already described 

l>y the decomposition of ethyl-glycoUic acid. Its properties hare not been examined 

Elhyl-glyeoUate of Amyl, C*H'»0* = obtained by digesting a mixture 

of othyl-glycollate of sodium and iodide of amyl diluted with absolute alcohol in a 
sealed tube, decanting the resulting liquid from the iodide of sodium which separates 
ircating it with mercury to remove excess of iodine, and rectifying,— is a transparent' 
colourless, rather viscid liquid, sinking slowly in water, of agreeable fruity odour boil- 
ing between 180® and 190® C., soluble in all proportions in alcohol and other, ’it is 
decomposed by alcoholic potash, emitting the penetrating odour of amylic alcohol 
(0. Siemens.) 

Cly ooUate of atliyl, - (C‘^H^O)" {][. (11 e i n t z, Jahresb. 1861, p. 146.) 

C2JP }0 .1 / 

—This compoui^ isomeric, but not identical with ethyl-glycollic acid, is produced by 
heating chloraoi(liat<e of ethyl with rather more than an equivalent quantity of clycollate 
of sodium to 130® — IdO® C. : 


c*ir*cio 


!“ 


H 

(envoy 

Na 




H 1 Q 


}o 




It dissolves in water, forming a solution whicli does not exhibit an acid reaction. By 
boiling with alkalis, it is decomposed, yielding othylic alcohol and an alkaline 
glycollat^, a reaction by which it is distinguished from the pr(*ceding compound. 
With aqueous ammonia it forms glyoollamido (p. 908). 

C*H*0 \ 

Acetogly collate of Ethyl, C‘'n*®0* = (C-H'-OV; — ProduccHi by heating chlor- 

acetate of ethyl witli acetate of sodium. It is an oily, mobile liquid, of specific gravity 
l-0()93 at 17® C., boiling at 179®. With alcoholic ammonia, it yields glycollamido and 
acetamide, together with glycoUate and acetate of ammonium. With a small quantity 
of ammonia, tlio products are glycoHamide and acetate of ethyl. Aqueous bases de- 
compose it, for the most part, forming acetates and glycullatcs ; but by mixing it with 
water, and somewhat less than an equivalent quantity of slaked lime, it may be con- 
verted into acetoglycoUate of calcium, C®II*CaO^. (IT o i n t z, Ann.^C^y^Pharin. cxxiii. 326.) 

Amyl-glyooUic acid. AmyUoxacitic acid. C^II”0* (C^'-'O) (Ilointz, 

Pogg. Ann. oix. 301 ; Jahresb. 1859, p. 368.— O. Siemens, Inaugural pissertation, 
tliitlingen, 1861 ; Jahresb, 1861, p 149 .)— Produced by the action of amylat^ of 
sodium on chloracetic acid. To obtain it in the pure state, 98 6 grins, o 
dissolved in amylic alcohol, and to the resulting amylato of sodium, kept the 1 qu a 
■state by heat, il added a solution of 190 gms. chloracefc 
liquid, filtered from chloride of sodium, is freed from excess f 
by disUUation, partly by agitation with water. The 

of sodium thus obtained is decomposed b^ excess of tvirtions of acid s^ll 

glycollioaeid which rises to the surfa<» is .“1 Th^ whole 

remaining in the watery liquid are dissolved out by s^tat . . ■ jjgtiUation till 

of the amyl-glycollic acid Sius obtained is then subjected to fractional distOlation uii 

a distillate is obtained boiling at gravity 1003, toiling at 

Ainyl-glycolHc acid is a not very mobile liquid, ot and ether. 

236» d, fp^nrfy soluble in water, but soluble in all 

It bums with a bright smoky flame, giving off a pungen • /ii„i ntz).— The 

Amyl-glycollates. harium-mit is formed on mixing 

coppcr^aalt, obtained by and sulphate 

the solutions of equivalent quantities of microscope as right 

copper, forms small blue-green crystals, appoani g 
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prisms with trancated end-faces. It is moderately soluble in alcohol, very slightly 
in water and in ether. It melts at 110® C. to a green liquid, and gradually decom- 
poses (Siemens). — The 'mtcurom salty is obtained by precipitation 

as a white powder, which melts with decomposition at 170® C., is very sparingly 
soluble in water, more soluble in alcoh<^ insoluble in other. — ^The potassium-salty 
C’H**K0*.H*0, is obtained by neutralising the acid with alcoholic potash, removing 
the excess of potash by carbonic acid, filtering, evaporating, and crystdlising from a 
small quantity of alcohol. It crystallises with difficulty in long oblique rhombic 
prisms with terminal faces very much inclined to the principal axis. At 10® to 16® C. 
it crystallises in thin, nearly rt^ctangular plates, resembling the sodium-salt. It is 
very soluble in water and in alcohol, and is precipitated from the alcoliolic solution by 
ether in tho crystalline form. It gives off its water without melting at 120° C., and 
melts, without decomposition, between 200® and 210° C. It deliquesces slowly when 
exposed to tlie air.— The C'H'*AgO*, is obtained, by double decomposition, 

as a white curdy precipitate, soon becoming light red, and, after being washed and 
dissolved in a largo quantity of boiling water, separates, on cooling, in slender rose- 
red needles. It ffissolves with moderate facility in alcohol, sparingly in water, not at 
all in ether. When perfectly pure it is white, but decomposes quickly in contact with 
tho air; at 110° C. it melts and decomposes. — The sodium-salty C'lI'^NaO* + 211*^0, 
ciystallises from alcohol in thin, colourless, rectangular plates, which dissolve rtmdily in 
water and in alcohol, are insoluble in ether, give off* tlioir water of crystallisalioii 
without deliquescing, and melt without decomposition, between 190® and 200® C. 
They effloresce when exposed to tho air, after a while. (Siemens.) 

Amyl-gly collate of ethyL = (OTI“0)"( . — Prepared by digesting a mix- 

} O 

ture of amyl-glycollato of sodium and iodide of ethyl diluted with absolute 
alcohol, in a sealed tube,, at the heat of the water-bath, for four days ; decanting 
the liquid from the iodide of sodium ppfxluced in the reaction ; shaking it up 
with mercuiy to remove freo iodine; subjecting it to fractional distillation; treat- 
ing tho distillate obtained between 205® and 210® C., with carbonate of sodium, 
to remove free amyl -glycol lie acid ; dehydrating tho neutral ether thus obtairn d ; 
rectifying it, and collecting the portion which passes over at 212° C. It is a colour- 
less, mobile liquid, having an ethereal odour. When decomposed by alcoliolic potash, 
it does not emit the odour of amylic alcohol, by which character, as well as by its 
higher boiling point, it is distinguished from tho isomeric compound ethyl glycollato 
of amyl (p. 917). 

OTP 

Pbenj-l-glyooUio aold. Phenyl-oxacetic acid, = (C-11=^0)" ( — When 

II } 0 

a mixture of phonylate of sodium and chloracetic acid is heated for a considerable 
time and then left to cool, phenyl-glycollato of sodium is obtiined as a gradually 
solidifying mass ; and by decomposing tho aqueous solution of this salt with hydro- 
chloric acid, impure phcnyl-glycollic acid is obtained as a brown oily liquid, which, by 
repeated solution in lukowurni water and evaporation, yields very thin silky needles, 
melting in warm water to a heavy oil. These crystals yielded by analysis numbers 
intermediate between (phcnyl-glycollic acid) and (cresyl-glycollic 

acid). 

VJ^nyl-glycollate of hariumy C'*H‘ ‘Ba"0*.3n*0, forms large, thin, very brittle lamina?. 
The copper-salty C**H“Cu"()‘*.2K’*0, forms sparingly soluble, microscopic, prismatic or 
tabular crystals. — The sodium-salty OTl’NaO^.^H^O, cry stallisea from absolute alcohol 
in extremely slender needles. — Tho aqueous solution of this salt forms with nitrate of 
fr.il ver a sparingly solublo precipitate, which, when crystallised from hot water, yields 
tiho silwr-sedty C*fPAgO® in slender concentrically grouped needles. — The aqueous 
solution of the sodium-salt also yields precipitates wim acetate of lead and mercurous 
nitrate. 

When the warm concentrated aqueous solution of a phenyl-glycollate is mixed with 
hydrochloric acid, phenyl-glycoUic acid separates from it as an oil ; the cold solution 
heated with hydrochloric acid becomes milky, and then on agitation yields 
crystalline flakes, which aro easily fusiblo and likewise sublimed wnen heated for 
some time in tho , water-bath. 100 pts. of water dissolve rather more than 1 pt. of 
the acid; it is easily soluble in alcohol and ether. (Heintz.) 

Cb^jrl-glyoolUo Aold. Cresyl-oxacetic acid, C®H**0* » (C*H*0)''|p.— 
ll^other-Uqoor of tho impure phenyl-glycollate of sodium, obtained as above described 
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^p 918X yielded ano^er ^um-ealt, ewily soluble in alcohol, difBcult to crystallise, 
and sepaiEted by ether from the alcoholic eolution, not in needles lifcA 
glycollate, but M a gelatinous mass. From this salt the acid was sepmtedb/hrSi 

“ Wy Boluble^S?: 

glycdlie aeid to 200 -240o C^. smaU quantities of diglyX and d^ry* 
lene^beang formed at the same time. (Heintz, Pogg. Ann. cxv. 462 ; JalircsriS^, 

2. By the action of heat on chloracetate of potassium : 

C=H‘^KC10* = KCl + C*H*0*. 

If the crjrstallis^ chloracetate is used the greater part of the glycollide thus pro- 

Jr^HAnnnlXr ci^v! -<!• 

3. By Ming ehloracetic acid wth water, and craporating the acid liquid, which 

also contains hydrochloric acid, to dryness, a residue is obtained, containing glycollide 
(Hointz, /oc. tJBj • 

4. By heating tartronie acid to 180° C., as long as carbonic anhydride continues to 

escape, pulverising the residual mass as soon ns it lias become solid wliicli takes 
Bcvcml days, and washing it with hot water : > 

= C-II^O* + CO* + II^O 

Tiirtionic Acid. Ghcollide. 

It was by this process that glycollido was first obtained, 
rend, xxxviii. 46.) 

CrlycoUido is a white tasteless substance, insoluble in cold and vciy slightly soluble 
ill hut water. It melts at 180° C. without loss of weight. It dissolvi's iu potash, 
yielding glycollate of potassium. Heated with ammonia, it forms glyeollamido (p. 909)! 
OliTCOliS. Diatomic Alcohols, — ^Bodies formed on the general typo : 

(C%")p) 

HM 

n ^ 2 giving the cthylenic, » = 6 the amylenic glycols, &c. The glycols of each 
series arc di- or polyatomic, according as p is equal to or greater than unity. The 
general pro^rties of these compounds are de.scribed under the articles Alcohols 
(i. 102) and Ethbbs (ii. 617i 522). The glycols of amylene (i. 208; ii. 9), ethylene 
(ii. 574), totrylene, or butylene, and tritylene, or propylene, have been ob- 
tained; but the ethylcnic compound and their derivatives are the only ones that 
have been very completely studied. 

0»COSXirB. C»H‘N« = (Debus, Ann. Cb. Pharm. crii. 199.)— 

An organic base produced by the action of ammonia on glyoxal : 

3C*IP02 + 4NH* - C«H®N* + 6H*0. 

WTicn a syrupy solution of glyoxal, boated to 60® or 70° C., is mixed with three times 
its volume of strong aqueous ammonia at the same temperature, the liquid turns 
biY>wn, effervesces lightly, and after a while deposits small crystalline needles. 
When the quantity of these crystals no longer increases at the temperature abovo- 
n.f'utioncd, the liquid is left to cool; the still strongly-coloured ciy.stal8 are separated 
l»y filtration, washed with cold water, and dissolved in very dilute hydrochloric acid ; 
the solution is decolorised by animal charcoal ; and the filtrate is slowly ™i*od with 
very dilute ammonia; it then deposits glycosine as a crystalbne powder; if it is not 
colourless, the solution in hydrochloric acid, &c. must be repeated. 

Cilycosino is a pulverulent substance, con.sisting of truncated striated prisms, 
becoming strongly electric by trituration, soft to the touch, tasteless and inodoi^us. 
When heated on platinum-foil, it volatilises without melting and leaves no residue ; 
it rryiy be sublimed bv careful heating between two watch-glasses, and then forms a 
bulky sublimate consisting of needle-shaped crystals. It is nearly insoluble m col^ 
sparingly soluble in boiling water; easily in hydrochloric and acetic acids, me 
hydroriiloric acid solution concentrated over the water-bath yields large cryst^s of 
hydrocklorate ©/’ glycosine ; \vitb oxalate of ammonium it forms, especially on stirring 
ft crystalline precipitate of oxalate of glycosine; with iodide of potassium, no preci- 
pitate; with cupne chloride, a green; with mercuric chlondo, a heavy ciystaJline 

precipitate, ••• 

MVOnuMVm. C'»H®0*? (Gorup-Beaanez, Ann.Ch.n8m.CTyiu.28^ 

-A substance obtained, together with glucose, by boiling glycyrrhizin with dilute acidic 
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It is a browni8h*ydllow brittle resin, which does not melt in boiling wat^, and it 
insoluble in water, but soluble in alcohol and in alkalis. It dissolves in strong snl- 
phuric acid, Arming an amaranth-red solution, the colour of which gradually changes 
to pmple-violet, and becomes ^nolet on dilution with water, a bluish-black substance 
being at the same time precipitated. The alcoholic solution may be decolorised by 
animal charcoal No satisfactory analysis has yet been made of this substance. 

OZiTCmBBlZnNr. (A. Vogel, Jun., J. pr. Chem. xxviil l.—Lade, 

Ann. Ch. Pharm. lix. 224.— Gorup-Pesanez, ibid, cxviii. 236.)— A saccharine sub- 
stance contained in the root of liquorice and Gl. cchinata). It is best 

prepared from Russian liquoric*e-root(which yieldsa less coloured and more easily purified 
pi-oduct than the Spanish root), by precipitating the filtered and concentrate aqueous 
infusion with dilute sulphuric acid; washing the dark brown precipitate with water 
till it is quite free from sulphuric acid ; then dissolving it several times in alcohol of 
82 per cent, and mixing the not too concentrated solution with small quantities of 
other as long as a dark-coloured resinous substance is thereby separated. The filtrate 
un cyu{)oration leaves glycyrrhizin, as an amorphous substance easily pulverised, and 
Containing but a veiy small quantity (0*2 per amt.) of ash (Gorup-Besanez). 
Vogel and Lade adopted a similar process, but evaporated the alcoholic solution witli- 
out first freeing it ftim the dark resinous substance by moans of ether. S. Martin 
(Jabresb. 1860, p. 661) precipitates the aqueous extract of the root with acid tartrate 
of potassium (cream of tartar), digests the precipitate in alcohol, and evaporates the 
alcoliolic filtrate to diyHoss. 

Glycyrrhizin is a light yellow amorphous substance, having a sweet taste ; sparingly 
soluble in cold, easily soluble in hot water, soluble also in alcohol, even in the cold, 
and in ether by the aid of a gentle heat ; alkalis dissolve it with reddish-yellow 
colour ; the solutions yield with acids a precipitate partially soluble in excess of tbo 
acid. The aqueous solution is precipitated by chloride of barium, sulphate of mng- 
nesium, sulphate of copper, chloride of copper, and basic Jicetatoof lead. 

The constitution of glycyrrhizin is determined by the following analyses : 


Mo.in of Analyi<eft. 



Calculatioii. 

Vojfrl, 

Gorup-Hesaiic 

c« 

288 

61*5 

616 

61*6 


36 

7*6 

7*6 

7*7 

0» 

144 

30*9 

30*8 

30-8 


468 

lob-d 

100*0 

100*0 


The analytical numbers might of course be equally well represented by the simpler 
formula ; but tho calcium-salt of glycyrrhizin contains, according to Gorup- 

Besanez, 53*9 per cent. C, 7T H, 30*77 0, and 8*29 CaO, agreeing with 3ie formula 
2C'-**H»*0».3Ca0.4H20, and tho lead-salt 24*0 C, 2 9 H, 16*10 and 66*9—66*46 PbO, 
agreeing with C*^H”0*.Pb0.4PbIl0. Hence the formula of glycyrrhizin appears to 
be Lade obtained, by the analysis of glycyrrhizin, 60*6 — 61*3 per cent. C, 

and 7T to 7*4 H ; but his glycyrrhizin was impure, containing nitrogen. 

Glycyrrhizin is not fermentable. Nitric acid acts upon it oven in the cold, giving 
off abundant red fumes, and forming alight yellow substance; on applying heat, the 
action becomes stronger, and a pale yellow crystallisable nitro-acid is formed, probably 
oxypicric acid, together with oxalic acid. It is also violently oxidised by a mixture 
of ^romate of potassium, or peroxide of maii^eso, and sulphuric acid. (Gorup- 
Besanoz.) ^ 

By boiling with dilute sulphuric and other acids, glycyrrhizin is resolved into gly- 
cyrretin and glucose, probably thus : 

C24HS«0® + H*0 » 


01aTOXJL&« C*H*0* « (CWy'.H*. (Debus, Ann. Ch. Pharm. cii. 20; evii. 199; 
cx. 316; cxviii. 263. — Gra. xii. 603.) — This compound may be regarded as an aldehyde 
of ^yoxylic and of oxalic acid, and stands between othylonic glycol (hydrate of ethy- 
lene^ ana oxalic acid, in the same manner as common ludohyde between ethylic alcphul 
(hydrato of ethyl) and acetic acid, 

CHI«0 - H* » (PH*0 « C*IPO* - 0. 

Ah'Oliv!. Aldehyde, Acetic acid. 

C-HW- « C*H*0» « C«H*0* - 0*. 

Glycol. Gljroxdl. . Oialicacld, 


It is produced, together with glyoxylic add and other products, by tho action of 
nitric acid upon alcohol. When Sie syrupy neutral liquid obtained in Uie piepaHstion 
of fflyoxylic acid, is mixed with sevem times its volume of add sulphite of sodiup, 
(Ktd the mizturo-is left to itself for some hours, tbo aides of the vessel beoomq corei^ 
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* <*5*} consUting of a compound of elvozal with d.. .---i 

iloride of barium, yidd^ after two of Z.Tr.""S”“^ 

compound; and, by e^tly decomposii^I^; 

sulphuroua^ eid, Blyoxau!,ten:d‘;l; 

g,yX“;m^^d;’t:tru^urh"^ 

GNoxal IB a trana^t, slightiy yellowish, amorphous mass, which delioueseos 
r^ly ^en exposed to the air, and dissolves with great fecility to water, Sd and 
ethOT. The aqueous solution is merely douded by neutral acetate of lead ■ but. on 
adding ^oma, a copious wtoto precipitate is produced. With nitrate of k^aZ 
am^ita A fomm a beautifiil speculum of silver. A smaU quantity of very dilute 
conyerto glyoxal into glyoxylic acid; by a larger quantity, oven of vw 
dilute nitnc acid, it is converted into oxalic acii f v j, v u* vuiy 

CauaHo fixed edkalia convert it into a salt of glycoUic acid, e. g . : 

2C»H»0» + CaH* 0 « . C'H'cVo*. 

A syrupy solution of K^yo"]- 8®“% Heated with strong aqueous ammonia, yields two 
bases— VIS., glyoxahne, OWN', and glycosmc, C‘H-N‘,* according to the eiuations- 

2C*n’0» + 2NH* = C*H‘N’ + CH‘0* + 2n»0. 

Glyoxaline. Formic acid. 

3C*n=0* + 4Nn» « + 6H*0. 

Olycosine. 

Olyoxalino is by far the more abundant product of the two.— Qlyoxal is decom- 
posed by aiuphydric acide 

Compounds of Glyoxal—When a stream of ammonia-gas is passed into an 
ethereal solution of glyoxal, a white precipitate is formed, consisting of glyoxal- 
ammonia. ® 


Glyoxal, like other aldehydes, forms ciystalline compounds with the acid sulphites 
of alkidi-rnttaXse The ammonium-salt, C*H*0*.2(NH*)HS0» forms shining prismatic 
crystals, very soluble in water, insoluble in alcohol. The aquoons solution is precipi- 
tat.od by acetate of lead, but not by salts of zinc, copper, or silver. 

The harium^salt is deposited from the hot saturated solution in ooncentrically- 
grouped masses, containing C*H*O*.Ba'TI*S*0*.|H"‘‘O. The aqueous solution of this 
salt, boiled with a slight excess of caustic baryta, yields a precipitate of neutral sulphite 
of barium, while free baryta and glycollate of barium remain in solution ; 

2(C»H*0*,Ba"H«S*0«) + 3Ba"H*0* = 4Ba''SO» + C«H«Ba"0«.4H*0. 

The sodium-salt, C?H*0*.2(NaHS0*),H*0, forms small hard crystals, easily soluble 
in water, insoluble in alcohol. The aqueous solution, after boiling for some time, 
precipitates acetate of lead and chloride of barium. 

OXiYOatAXi X lfa. (Debus, Ann. Ch, Pharm. evii. 199.) — ^An organic base 

produced simultaneously with glycosine by the action of strong aqueous ammonia on 
glyoxal. When tlie brown mother-liqudpikom which the glycosine has separated, is 
evaporated to a syrup at a gentle he^ to expel free ammonia, a syrupy unciystal- 
lisable residue is left, which, when mixed with twice its volume of a saturated solution 
of oxalic acid, soon deposits a largo quantity of crystals of oxalate of glyoxaline (the 
mother-liquor retaining formic acid, vid, sup,\ which may be purified hy solution in 
water, treatment with animal charcoal, and recrystallisation. From this salt the base 
Juay be separated by mixing the solution with chalk, heating it for some time to 100® C., 
and evaporating the filtered liquid. 

Glyoxaline crystallises with difiSculty, and only from a syrupy solution, in concen- 
trically grouped crystals. It melts easily ; has a faint fishy odour ; volatilises^ at a 
higher temperature in thick white vapours ; deliquesces in damp air ; dissolves easily in 
water, forming a solution which turns turmeric brown and reddened litmus blue ; 
neutr^ises strong acids ; precipitates the chlorides of iron and copper (the latter pre- 
f^ipitate re-dissolving with blue colour in excess of glyoxaline), and nitrate of silver, 
but not calcium-salts. ' 

Chloroplatinate of glyoxaline, 2(C*HWH01).PtCl*, is a yellow crystalbne prooipi- 
bite, which (Bssolves ui hot water, and separates in orange-red prisms. 

■The oxalate, CPH<N*.0*H*0«, forme colourless prisms, which do not undergo any 


, • Kekul* (LrJIrft. a SS) loatettf th^ flyoxallne and glycoflna may poMlbly be Uomeric. and related 
to one another In same meaner ai hyarobensamide and amarine. 
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idteratioR al 125^ 0., but when heated on platinum-fi>ily melt eaeily and Tolatilise hi 
white fhmee. 

ftXiT02KTXiIO AOXBt Syn. GtyoaaUo acid, (KekuIS, p. 923, footnote. 

Bebua, PhiL Mag. [4] xii. 361 ; Ann. Ch. Pharm. c. 1 ; cii. 28 ; cx. 316. — Om. xii. 
606; xiii 434.)— This acid ia produced, together with glycoUic acid and other 
eompoanda; 

1. By the action of nitric acid upon alcohol, glycol, or glyoxal (Debus): 

C*H«0 + 0* = + 2H*0 

Alcohol. 

+ 0> « CWO» + 2H*0 

Glycol. 

C*H20* +0 - 

Giyoxal. 

2. By the action of nascent hydrogen upon oxalic acid : 

Cm^O* + H* « C»HW.H=»0; 

e. g. when oxalate of sodium is submitted to the action of sodium-amalgam in presence 
of water; or oxalate of zinc to that of zinc and dilute sulphuric acid. When the action 
is not accelerated by elevation of temperature, and a large quantity of salt is used, 
glyoxylic acid is the chief product; in the contrary case, gly collie acid. (Church. 
Chem. Soc. J. [2] i. 301.) 

Preparation, — 1. From Alcohol. — 220 grms. of alcohol of 80 percent, are poured into 
a tall narrow flask capable of holding about l^lb. of water ; 100 grammes of water are 
introduced .below the alcohol by means of a funnel having its neck finely drawn out ; and 
below this are poured 200 grms. of red fuming nitric acid, so that the three liquids may 
remain one above the other and mix as little as possible at first. The bottle is tlien 
closed with a cork fitted with a gas-delivery tube dipping under water, and the whole 
is left for six or eight days, at a temperature of 20'^ to 22° C., till the liquids have 
become completely mixed, and the resulting nitrite of ethyl has volatilised. The 
resdual liquid — containing nitric, acetic and formic acids, compound ethers, glyoxal 
and other aldehydes, glycoUic acid and glyoxylic acid — is evaporated to a syrup over 
Uie water-bath in portions of 20 to 30 grms. each ; the residues, containing oxalic, 
glycoUic and glyoxylic acids, together with the less volatile aldehydes, are dissolved 
in small quantities of water ; the united solutions are neutralised with chalk ; the 
neutrtd liquid is mixed with an equal volume of alcohol; and the resulting precipitate 
of calcium-salts pressed and repeatedly boiled with water. The aqueous extract 
yields crystivla of glyoxylato of calcium, and u furthcT quantity of this salt may bo 
obtained by concentrating the mother-liquor. The subsequent mother-liquors yield 
a double salt of glycollato and glyoxylate of calcium, and the last contain glycoUate of 
calcium (p. 911). 

2. From Oxalic acid. — A largo quantity of oxalat’e of zinc is placed, together with 
a few pieces of pure zinc, in a beaker, the mixture covered with water, and dilute 
sulphuric acid added slowly drop by drop. Milk of lime is then added in slight 
excess, together with a lai»o^Rantity of water; the mixture is warmed, filtered, 
supersaturated with carbom warmed and filtered; the filtrate thus 

obtained deposits on cooling Crystals of glyoxylate of calcium. Or 

better : the mixfore of z!nc-8aml^|^||te||n. W ether, the syrupy ethereal extract 
thus obtained is treated with and the various calcium-salts thus 

obtained are separated by Debus’s mith^. (Ohurch.) 

The hydrated acid is obtained by d^mposing the calcium-salt with oxalic acid, 
and evaporating the solution in vacuo, in the form of a viscid, transparent, slightly 
yellowish syrup, which dissolves readily in water. The solution heated to 100° C., 
gives off unaltered glyoxylic acid, together with the watery vapours. The syrupy 
acid, when strongly heated, gives off acid vapours and volatilises, leaving a scanty 
black residue. (Debus.) 

A solution of glyoxylic acid treated with sulphydrio acid yields nodular crystals 
apparently containing a sulphuretted acid. A strong solution ofgtyoxylate of calcium 
repeatedly treated with sulphydric acid yields the salt C^H*Ca"0‘lJ 3H*0, the acid of 
which consists of a double molecule of glyoxylic acid, having one-fifth of its oxygon 
repia^ by sulphur. (Debus.) 

Glyoxylic acid dissolves zinc^ without evolving an equivalent quantity of hydro- 
gen, the hydrogen in fact uniting with the glyoxylic acid to form glycoUic acid. 
(Debus.) 

The glyoxylateSf C^HMO’, are obtained by neutralising the bases or theii carbouatos 
with the aqueous acid. Most of them contain 1 at. qf water, of which they cannot 
bo deprived without undergoing further decomposition. For this rwaon^ I)ebufl at 
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Hrst assigned to them the formula CH'MO*, regarding the acid as C*H*0‘ B..f .h« 
comMsition of the ammomum-wlt shows that the true formula of the wid is ^H«0* 
which IS likowisa more in accordance with its general relations * *» v n u , 

It is not exactly known whether glyoxylic acid is capable of forming salts with 2 at 
metal. ^ insoluble le^-adt, C»Pb W.fro, is produ^ by double d^mnosTtion bu\ 
it is perhaps a basic salt, C^H'Pb 0‘.Pb"H»0». From the solution of the (Sicium“lial”^ 
C*H-4:a'0».2H«O, Wwater throws down a white precipitate, which is wSs^ho 
neutral calcium-salt C*Ca 0>; but on the other hand it is possible that the onginal 
calcium-salt may simply be rendered insoluble by the addition of the lime-water. 
(Kekule.) 

Tho glyoxylates unite with sulphites. A strong solution of acid sulphite of sodium 
mixed with syrupy glyoxylic acid yields tho double salt CyiNaO’.NallSO* • and bv 
passing sulphurous ^d gas into water in which glyoxylato of calcium is suspcndwl 
and concontrating the resulting solution, crystals of the salt 2C*II‘CV0‘* 

1011*0 are obtained. (Debus.) 

GlyoxylaU of Amrmnium, C“H(NH*)0» prop.ared by precipitating the calcium-«ilt 
with oxalate of ammonium, and evaporating in vacuo over sulpliuric acM, forms small 
prismatic crystals, easily soluble in water. Tho concentrated solution turns yelltiw 
when boiled, or when evaporated at 100° C. It forms crjstallirio precipitates with 
nitrate of silver and acetate of load, also with sulphate of co])per after a while. Potash 
evolves ammonia from it oven at ordinary temperatures. It gives by analysis 2G*70 
per cent. C, and 6*76 H (by calculation 26*4 C and 6*6 II). 

Glyox^ylate of Barium, C^H‘W'0«.4H*0.— Prepared by digesting diluted glyoxylic 
acid at ordinary temperatures with carbonate of barium till the acid is compleuay 
iioiitralised, and evaporating tho filtrate in vacuo. At a certain degree of concentra- 
tion, the salt begins to separate in small white crystals. It is partly resolved iifio 
glycoliic acid , and oxalate of barium when heated to 120° C., or when its fuiucous 
solution is raised to tho boiling point. With lime-water, aceUto of h>ad, and nitrato 
of silver, it behaves like the calcium-salt. By analysis it gives 39-4 per cent, bariuur, 
the above formula requiring 38*9 per cent* 

GlyoxylaU of Calcium, C‘‘H^Ca"0®.21i*0, crystallises in thin needles or hard pris- 
matic crystals, soluble in 177 parts of water at 8° C., and yielding by analysis 18*2 
per cent, calcium (calculation 18 01). It may bo heated to between 160° and 170° C. 
without loss of weight, but at 180° it gives off water and carbonic anhydride, and 
yields glycollato and carbonate of calcium, together with a resinous substaneo, Limo- 
viator added to tho solution of this salt immediately produces a copious precipitate, 
which, immediately after its formation, dissolves readily in acetic acid, but if left to 
itself for awhile, or more quickly if boiled for a few seconds with the liquid, becomes 
insoluble in acetic acid, being in fact resolved into glycollate and oxalate of calcium ; 

2C^n*Ca"0» -h CaII=«0* = 2G*CaO^ + C^H^Ca^'O". 

This reaction affords the means of separating glyoxylic from glycoliic acid, when tho 
two occur together, a solution of pure glycollate of calcium not being precipitated by 
lime- water. It also serves for tlio quantitative estimation of glyoxylic acid, 128 pts. 
(1 at.) of oxiilato of calcium (C“Ca"0*) corresponding to 198 pts. (2 at.) of the 
glyoxylato (0ai2Ca"0«.2JP0). ^ ^ ^ 

Glyoxylato of calcium. forms double"^ salts' wi^^h and lactate of calcium. 

(See page 91 1, and Lactic ACID.) - ■■ 

All ammomoglyoxi/laie of calcium, 3C*H*Ci^0%4NH»i:2H*0, is obtained in crystals on 
pouring chloride of calcium into a solution of glyoxyhito of ammonium in tho smallest 
po.Msiblo quantity of water. Tho same salt- is obtained in the anhydrous state by 
adding ammonia to a boiling saturated solution of glyoxyhite of calcium, 

Qlyoxylatc of Lead forms wdth ammonia a compound containing 7 at. C^H Pb O to 
4iNIl=*. 

Glyoxiflate of Potassium is doliquescont and difficult to crystallise. 

Glyoxylate of SUver, C2HAg0’'.U20, is obtained as a white crystalline powder, 
by precipitating nitrate of silver with glyoxylato of ammonium. It is but sparingly 
fioluble in cold water, and is rapidly decomposed by light. Analysis give 

per cent, silver, tho formula requiring 64*2 per cent. It unites with ammoni , 
forming a salt containing 4 at. C^HAgO* to SNIP. (Debus.) 

GlyoxylaU of Zinc, C'H%i'' 0 *. 4 H* 0 .-.Pcoducod aa a white 
hUo on adding a strong solution of glyoxylato of calcium . «o.„atiP tiotash 

dissolves sparingly in water, easily in acetic acid, j rw^r o«nt zme the 

After dicing over oil of vitriol, it gave by analysis 38*09 and 38*73 per . i 

aou bjr ihe reductlba of oxalic acW* 
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formula requiring 37*61 per cent. The 2 at. water cannot be removed without decom- 
poaing the aalt 

OSnuviTB. Soda Chaltasite, Hydrolite, H€r$chelite,'-X hydrated silicate of 
aluminium, calcium, and sodium, whose composition is expressed by the same general 
formula as that of chabasito, viz. M*0.Al*0*.4Si0».6H*0, or M'(fl/')*Si<0'».6aq., but 
with a larger proportion of sodium, It occurs crystallised in hexaj^nal pyramids, 
having the tenmnal summits and lateral edges truncated (P. oP. oep). Angle P:P in 
the terminal edges « 142® 26' ; in the lateral edges, 80° 8' ; oP : P •= 139° 66'. It is 
usually, however, regarded ns rhombohedral, and the crystds as twins secondary to a 
rhomlwhedron of 86° 18'. It is distinguished from chabasite by its perfect cloavago 
parallel to the faces of a six-sided prism (G-. Rose). Hardness « 4*6; specific grarity 
B 2*04-2*12; lustre vitreous ; colourless, yellowish-white, reddish- white, or flesh-red; 
translucent; brittle. It behaves like chabasito before the blow-pipe, and gelatinises 
with hydrochloric acid. 

The following are analyses of gmelinite from Glenarm : — n. By Connell (Edinb. 
N. Phil. J. 1838). b and c by Eammelsberg (Pogg. Ann. xlix. 211) : 


SIO* 

APO» 

Fe«0* 

CaO 

N.i20 

K20 

H*0 


48*66 

18*06 

0*11 

6*13 

3*85 

0*39 

21*66 

= 97*76 

46*40 

21*09 

... 

3*67 

7*20 

1*60 

2041 

« 100*46 

46*66 

20*18 

... 

3*89 

7*09 

1*87 

20*41 

« 100*00 


Gmelinite occurs in amygdaloid rocks at Montocchio Maggiore, and at Castol in the 
Vicontine, at Qlenarm, county of Antrim, Ireland, and in the island Magee. 

Heraehelite from Etna has the same formula as gmelinite, but with J less water. 

Ledrerite^ from Jackson, Nova Scotia, has the form of gmelinite, and likewise the 
same composition, but with only one-third the amount of water. (Dana, ii. 321.) 

OSTAPBABZirMt The ash of Gnaphdium leontopodium, L., has been examined 
by A. Bauer (Wien, Akad. Ber. xxxvi. 200). 100 pts. of the plant (stem, leaves, 

and flowers) yielded 6*6 pts. ash, containing, after deduction of charcoal and sand : 

K20 KCI CaO MgO P20» SO^ SIO* CO* 

29*02 7*13 23*76 6*70 1*63 6*47 6*04 0*98 2027 10000 

CIBEX8S. A rock having the same composition as granite, but distinguished from 
it by possessing a partially stratified structure. In granite, the quartz, felspar, and 
mica, are inteigrowu so as to form a crystallogranular mixture ; but in gneiss only tho 
quartz and felspar are thus intergrown, wliereas the mica is disposed in parallel layers, 
giving the rock somewhat of a slaty character. The quantitative relations of tlio 
component minerals in gneiss are as various as in granite, and the mica is often more 
or less replaced by hornblende or talc, less frequently by chlorite or graphite. Gnoi8.s 
also contains, as accessory constituents, gjirnet, tourmaline, epidote, cordiorite, anda- 
lusite, serpentine, cyanito, iron pyrites, ma^etic pyrites, specular iron, titaniferous 
iron, magnetic iron ore, rutile, fluor spar ; it is peculiarly rich in metalliferous veins. 

For Scheerer's examination of tho red and grey gneiss of the Saxon Erzgebiig, see 
Jahresb. f. Chem. 1861, p. 1076. 

OOBViaXTS. SooIdocrass. 

OOU>« Atomic weiyhttl^Q, Aiu (Gm. vi. 201. — Begnault, Cours iU- 

nwiMre dc Chimie^ iii. 274.— Pelogzo et Fr6my, Traitl, iii. 392. — ^Dana, ii. 7. — 
Dictionary of AftCt Manufacture, dndMineSf ii. 381.) — Gold is widely distributed 
over the globe. It is almost always found native, sometimes pure, but gene^y more or 
less alloyed with Aver. It occurs in the crystalline rocks, tho compact metamorphio 
rocks, trachytid and trap rocks, and mluvial grounds. It is sometimes found 
ciyst^ised in cubes, octahedrons, and other forms belonging to the regular system; 
more commonly in filiform, reticulated, and arborescent shapes ; also in thin laminae ; 
often in flattened grains or scales, and in rolled massoa in gravel or sand detritus. 
These masses, when of a certain size, are called pepitoi or nuyyets. In ciystaUine 
rocks, gold occurs Chiefly in veins containing ores of other metals, such as iron-pyrites, 
copper-pyrites, galena, and sulphide of silver. In auriferous pyrites, the gold is 
gehe^% present in too small a quantity to be visible when the mineral is in its 
natural state. Some varieties of this mineral contain not more than one five-millionth 
part of their weight of gold, which, nevertheless, may be profitably extracted The 
greatest quantity of gold is obtained from the alluvial deposits form^ by the disinteg- 
ration of anci^t; auriferous strata. The rock deposits of California and Australia ^ 
chi^ of this kind. The sands of rivers issuing from primitive mountain chains 
a^ost always contain small quantities of gold. In Europe jrold is most abundant in 
Hungary and Transylvania. It occurs also m the sand of the Rhine, the Beuss, and the 
Aar; on the southern alop^ofthe Pennine Alps, from the Simplon and Monte Rosa to the 
Vald'Aosta ; in Piedmont; in Spain, the mines of Asturias having been in ancient times 
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the prindpd Bource of tho gold obtoinod in Europe ; in many of the streama of <W 
waU; near other r«rte of North Vdea; in&“ d 

amount near l^adhills. and in 0len Coich and other parte of Perthahire • in TeAian.) 
in the ^unty of Wi^ow; and in Sweden, at EdeWor L 

in the Ural mountaiiw at Berewf, and other places on the eastern fl-mt of the ranee 
and in ^e comparatively lorel portions of Siberia; also in tho Altai mountains ^ 
in tho C^ae mo^tains in fittle Thibet. Gold is also found t ciS^pmJ 
Formosa, ^ylon. Jaw, Sumat^ Borneo, and the Philippines. In Africa thcro^^ 
mines at Kordof^ between Darfuur and Abyssinia; also south of Sahara from 
Senegal to Ca]^ Palmas ; also m tho interior on the Somat, a day’s journey from 
Cassen ; also ^ong the coast opposite Madagascar, supposed to have been the Ophir 
of Solomon. In ^uth America tho principal gold-producing district^} are in BrLil 
especially near Villa Rica, and in the province of Minos Geraos ; in New Granada 
and in Chile. In Peru gold is found but sparingly. In Central America, gold isfoimd 
in Guatemala and near Panama; in North America, in Mexico, in the Southern 
United States, in British Columbia along the course of tho Fraser River, in Nova 
Scotia, and very abundantly iu California, between the Sierra Nevada ' and the 
Sacramento and San Joaquim. Lastly, very largo quantities of gold are found iu 
Australia, chiefly to the westward of Bathurst, about 150 miles from Sidney, and in 
tho Victoria colony. Gold is also found in Van Diemen’s Land and Now Zealand. 
Formerly the chief supply of gold was obtained from tlie mines of Brazil, Ilunguty* 
and the Ural Mountains, but California and Australia now yield by far the largest 
quantity. The new gold-field of British Columbia is also very productive. 

The purest specimens of native gold have been obtained from Schabrowaki, near 
Katharinonburg, in the Ural. A specimen analysed by G. Rose was found to contain 
98-96 per cent, of gold. Very pure gold has also been found in Nova Scotia; a 
specimen from Tangier was found by Marsh (Sill. Am. .T. 1861, p. 395) to contuin 
98-13 per cent, gold; another from Lunonbourg coutainod 92 04 percent., the remainder, 
in both cases, being silver and copper, with traces of iron. The Californian gold 
averages from 87*5 to 88-6 per cent., and the Australian 96 to 96 6 per cent. In some 
varieties of native gold, e.^. from Linarowski, in the Altai, the percentage of gold is 
as low as 60 per cent., the remainder being chiefly silver. There is also an auriferou.s 
silver found at Konigsberg, in Hungary, containing 28 per cent, gold and 72 silver. 

Extrcuition . — Gold is separated from the substances with wliieli it is mechanically esso- 
ciated, either by washing with water, whereby the earthy imiltiirs are carrl<;d uway, while 
the heavy gold remains behind, or by amalgamation. The ri(?h orc.s in which the native 
gold is apparent, and merely disseminated in a stony ganguc, are directly triturated with 
mercury, witlmut any preparatory treatment. The poorer ores, in which tho gold 
seems lost amid a mass of iron, sulphide of copper, &c., arc roa.sled before amalgaina- 
tion, to lay bare the gold. The small quantity of gold which oecui-vS, generally asso- 
ciated with silver, in certain lead and copper ores, is extracted by eliquatiou and 
cupellation. By these processes (see Coffeu, p. 32, and Silveii) gold is obtained 
free from all other metals except silver ; and from this it may bo separated l)y nitric 
acid, which dissolves tho silver, but only when it fonns a large proportion of the alloy. 
When nitric acid docs not dissolve tho silver, the alloy is submit ted to an operation 
U'TTaOidi parting or quartation^ which consists in fusing it with four liru s its weight of 
silver, after which tho whole of the silver may he dissolved out by nitric acid. ^ 

Pure gold may be obtained from any alloy containing it, by dissolving the alloy tu 
a mixture of two moasuros of hydrochloric and one measure of nitric acid ,* separating 
the solution from insoluble chloride of silver by filtration; evap^tiii^ it oyer the 
water-bath till acid vapours cease to bo exhaled ; then dissolving the residue in water 
acidulated -with hydroculoric acid ; and adding protosulphatc of iron, which completely 
precipitates tho gold in the form of a brown or brownish-yellow powder, the proto- 
sulphate of iron being at tho same time converted into sesquisulphato and sesqui- 
chloride : . * 

6FeSO* + 2AuCl’ = 2Fo‘(SO')’ + Fu'Cl + Au . 

The gold thus preeipituted is quite destitute of meiallic lusUe, but acquires that 
chai*acter by buruishinir. , .. n i 

From alloys of goll and sayer. or of gold, silver, and copper, ho f ^ my 
separated by the action of strong sulphuric acid. The alloy, 
by pouring it in tho melted state into water, is heat^ in 
vessel with 2i times its weight of sulphuric acidof speific 
the heat being continued as long as sulphurous acid is evoKed. ^ 
are thereby «nye^ into sulphates, while the ^Id remains fhe ^ution 

is boiled f«“qu^ of an fiour with an adaitional quantity of 
specific gravity 1*653, or 58° Baum5 (obtained by,concentrnting^e acid 
liqnort of snljj^aie of copper produced in the operation), and e 
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Tbe thMi oettles down, and the liquid, after being dilated with water, is trans- 
ferred to a leaden -vessel and again bailed with sheets of copper immowed in it The 
silver is then precipitated in the metallic state, while the copper is converted into 
sulphate, and dissolves. The gold deposited in the manner above described still 
retains a small quantity of silyer, from which it is separated by treating it a second 
and a third time with strong sulphuric acid : it then retains only 0*00fi of silver. 
This process is not applicable to alloys containing more than 20 per cent, of gold ; 
richer alloys must first he fused with the requisite qunntity of silver. It is applied 
on the large scale to the extraction of gold, chiefiy from alloys which contain hut 
little of that metal, such as native silver and old silver coins, and, as now practised, 
is economically available even when the amount of gold, docs not exceed one part 
in 2000. 

Some specimens of Australian gold contain 2 or 3 per cent, of tin or antimony, or 
both. Gold thus alloyed is brittle, and not fit for rolling. The best modo of 
removing the tin and antimony is to oxidise them by fusing the impure gold witli 
about 10 per cent, of oxide of copper and a small quantity of borax : a perfectly 
malleable gold is then obtained, containing a small percentage of copper. (W aring- 
ton, Chom. Soc. Qu. J. xiii. 34.) 

I^oparties . — Geld is the only metal of a yellow colour. Wlien pure, it is moro 
malleable than any other metal, and nearly iis soft as lead. Its ductility appears to 
have scarcely a limit. A single grain of gold has been drawn into a wire 600 feet iii 
length, and this metal is beaten out into leaves whicli have not more than 1-200, OOOth 
of an inch of thickness. The coating of gold on gilt silver wire is still thinner. 
Gh)ld, when very thin, is transparent, thin gold leaf appearing green by tnihsmitted 
light. The green colour passes into a ruby-red when highly attenuated gold is 
heated : in the red gold-glass, the gold is in the metallic state. (Faraday.) 

. The density of gold vjiries from 19*258 to 19*367, according as it has been more or 
less compressed. Its specific heat, referred to water as unity, is 0*324 (Regnault). 
Its heat-conducting power (silver »= 100) is 63*2 (Wiedemann and Franz); jirni 
its electric conducting power (silver = 100) is 69*0 (Ricss), 64*9 (Becqu Orel), 
68*6 (Lenz), 65*19 at 21*80 (Matthiesson.) 

Gold melts at 1200o C. (2192^ F.) according to Ponillot; at 1380® C. (2618® F.) 
according to Guyton-Marveau ; at 1426® C. (2696® F.) according to Daniell; it con- 
tracts considerably on becoming solid. Like most other metals, it is volatile at high 
temperatures. It was formerly supposed that the heat of a powerful biuming-gla.ss, or 
of the oxy-hydrogen hlow-pipe, was required to volat ilise gold, but from tlio experi- 
ments of J^apier (Chem. Soc. Qu. J. x. 229; xi. 168) and Makins (ihid. xi. 97), it 
ap^ars that the volatilisation takes place when alloys of gold and silver are ciiiHllnl 
uu&i lead in an ordinary mufflc-fumacc. Deposits taken from the chimney of a small 
i^verberatory furnace in which an alloy of silver and copper containing a very sjuall 
pta|f8rtion of gold had been melted almost daily for months together, were found to 
contain, on the aveji'age, about 14 per cent, of silver, and 7*1 grains of gold per mark 
(8 02 .) of siltcp. 

■ Gk^ 4p^ not o^dise or tarnish in the air at common temperatures, or even -when 
llt^ngiy i^ited, but, like the other noble metals, it is dissipated and perhaps partly 
when a powerful charge of electricity is sent through thin Icavc.s or wires 
, 8$6). Gold is not dissolved by nitric, hydrochloric, or sulphuric acid, or 
y single add. It is acted upon by chlorine, which converts it into tlio 
nd hjymid mixtures, such as nitromimiatic acid, which evolve chlorine. 

[ of — Gold forms two series of compounds, viz. the Aurom com- 

^ „ Jiich ft is ^monatomic, and the Auric comj)Ound8^ in wdiich it is triatomic. 

Jn ita chemical relations it exhibits rather a chlorous tliau a basylous character, so 
^tJ^Jtai. wdes tend to unite with bases rather than with acids, and ite chlorides and 
ieadily form double salts with the chlorides and iodides of the more basylous 

'0^ A&&OT8 Gold unites with nearly all metals ; but its most impor- 

tant alloys are those which it forms with silver and copper. Gold which is used for 
coins, watches, articles of jewellery, &c., is always alloyed with copper, to increase its 
hardii6s& pure gold being much too soft for any of those purposes. The standard for 
coini^^e United Kingdom is 11 gold with I alloy; in France and the United States 
of AmeilicSi 9 gold to 1 alloy. For articles of jewelleiy gold is also iirequentljr alloyed 
K lrnich gives it a lighter colour. The alloys of gold, both with silver ana 


gives it a lighter ' . 

with eepp^^ are more fhsible thaj^ gold itself. The solder us^ fi>r gold trinkets is 
‘ gold and 1 copper, or of 4 parts gold, 1 part copper, and 1 


composed Of 6 parts , 

partsitter< . 

It has already been obaenred (p. 926) that native gold almost always oontaii^ suverr 
vaiying in proportion from 6*2 to 62 per cent. The dectrum of thc^anciehti is an 




(T. H. Henry, Phil. Mag. [4] ix. 4B8.) 

i. native amalgam of gold, Au^lfg*, is found in small yellowish crystals of spccifio 
vity 15-47 m the native mercury of Marii>osa in California (coid, 39-()2-41-B3 
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Klaproth, 66‘7 percept. gold,or2gold 

Gold unites readily with merenrv forming a — r 
the sm^ost quantity of mercurial vapour coming in eomaet wit^imld il aifffi ’ 
turn it white. Mercury is capable Sf dissolving H W omimitf of 
losing i« fluidity, but when quite saturated it acquires a wacxy consirtence ^wTnTo 
liquiS amalgam is straiiied through chamois-leaUmr. mercmyVZTthmU^nel w 
with a very si^ quantity of gold, and there remains a white mnalg.lm of p’a^v ion 
Sistonce, containing abOTt 2 parts of gold to 1 part of mercury. Uy dissolvL 1 Zi 
of^ldin IMO pa^of inercury, pressing through clmmois-lenther! and treatlngTl m 
residue mth i nto nitric acid at a moderate heat, a solid amalgani. AuW' 
18 obtained, which ciystallises in shining four-sided prism.s, retains its lustre in the air’ 
IS not decomposed by boiling nitric acid, and does not melt even when heated ill 
the mercury volatilises. -ar r.-, . 

A 

gravity lo'-i/ in me nauve mercury of Mariposa in California (gold, 39 ()2-41(i3 
per cent, mercury, 60-98— 68*37). An amalgam of gold and silver is found in small 
white soft grams accompanying platinum, at Choco, New Granada. It coiitiiiiLs 38*39 
per cent, gold, 6*00 silver, and 67*40 mercury', agreeing nearly with the formula 

(^Ag) {Ttammelsherg' 8 Minerakhejnie, p. 10.) 

The pasty amalgram of 2 parts of gold and 1 part mercury is used for 
gilding ornamental articles of copper and bronze. Tlic surface of the object is first 
thoroughly cleaned by heating it to rednes.s, then plunging it into dilut'e sulphiirio 
•acid, and sometimes for an imstant also into strong nitric acid; it is then amaUjamatAd 
by washing it with a solution of nitrate of mercury, and afterwards pn'ssed ujioii t lio 
pasty amalgam, a portion of which adheres to it. The mercuiy i.s then expelled by 
fieat, and the gold-surface finally polished. Silver may be gill, by similar j »i*occHSi\M. 

Articles of copper, chiefly copper trinkets, are also gilt by immersion in a boiling 
solution of chloride of gold in an alkaline carbonate, after having been cleaned by 
processes similar to those just described. 

lint the process now most generally adopted is that of elect ro-gihUiuj, wliicli is per- 
formed by immersing the objects to be gilt in a solution of 10 parts of cyanide of 
potassium and 1 part of cyanide of gold in 100 parts of di.stillod water, and con- 
necting them^ with the negative polo of a voltaic battery, while the po.sitive pole is 
connected with n bar of gold also immersed in the liquid. The solution is llu'ii 
decomposed by the current, the gold being depo-sited on the objects at tlic negative 
pole, while the gold connected Avith the positive pole dis.solves .and koi'ps the solution 
at a nearly uniform strength. (See Cyanides, p. 213.) The cyanide of potassium in 
the solution is sometimes replaced by ferrocyanidt' of ].Kitassium, and the cynnido of 
gold by sesqnioxide of gold, chloride of gold and potas.'^iuni, or sulphide of gold; but 
the eoraposition above given is that which is most generally adopted. This mode of 
gilding may be at once applied to copper, brass, bronze, silver, or platinum. To gild 
iron, steel, or tin, it is necessary first to depo.sit a layer of coiiper on the surface, which 
is cllbcted by immersion for a few seconds in a beth of cyanide of copper artd. 
potassium. (See lire's Dictionary of Arts^ art. Elkctkd-Metalluugy, iix^9d^ 

OOM, SROMXBB OF, AnI3r\ is prodneeil by dis.solvii]g gold in br^ine- 
water, or in a mixture of nitric and hydrobromic acids. It greatly resembJeff the 
trichloride, crystallises with tolcm)>l<^ facility, and fonns, with the more b^ic iiH'tallie 
bromides, a series of double salts called bromo-auratesi, e. g. hroriU!i^urat8''<^ <po\assiuvi^ 
KCbAuBr*. 

CIOU>. CR&ORXBB8 OF. The Trot ochloride, or Anrous chloride^ 



water. In the dry state it is permanent* but iu contact with water, it is rcsolv'ed 
gradually at ordinary temperatures, instantaneously at the boiling-heat into mcttilhc 
gold ana the trichloride. , , 

Triohloride of Gold or Auric Chloride, AiiCR~Tlus compound is formed 
when gold is dissolved in nitromuriatic acid. The solution is yellow, and becomes 
paler with dn excess of acid, but is of a deep red when neutral in com|^tion. l^s 
obtained in the last condition by evaporating the solution of gol<i till the hqma is oi a 
dark ruby colour, and begins to emit chlorine. It forms on coo^g a dark red ciystaJ- 
Hne mass, which deliquesces quickly in air. But the only method of procuring nunc 
iWoride perfectly free from acid salt, is to decompose aurous cWonde with water. An 
odd eUoTidc of gold or chloride qf gold and hydrogen, crystallises easily from an acid 



928 


GOLD : DETECTION AND ESTIMATION. 


•olntion,' in lon^ needles of a pale yellow colour, which are permanent in dry air, but 
ran into a liquid in damp air. The solution of this salt (ordinaiw gold*solution) d<v 
posits gold on its surface, and on the side of the yessel turned to the light. The gold 
18 also precipitated in the metallic state hy phosphoruttf by most meiaU^ 
by arseniotta and antimonioua acida^ and by many vogetable and animal avhatancaa^ by 
vegetable aoida, by oxalate ofpotaaaium^ &c., carbonic anhydride then escaping. Sulph^. 
drio acid and ataphide of Oitmonium throw down black sulphide of gold, soluble in 
excess of the latter reagent. Ammonia and carbonate of ammonium produce a yellow 
precipitate of fulminating gold. Potaah added in exoess forms no precipitate, unless it 
contains organic matter, in which case a slight precipitate of aurous oxide is produced. 
Cyanide ofpotaaaium produces a yellow precipitate soluble in excess. Ferrocyanide of 
potaaaium c(Aoan the solution emerald-green. Stannona chloride produces a pur})Io 
or brown precipitate (purple of Cassius), varying in colour according to tlio strength of 
the solutions and the proportions in which they aro mixed. This reaction will indicate 
by a faint colouring the presence of 1 pt of gold in C4,00i pts. of liquid. IVichloride of 
antimony produces a shining yellow precipitate of metallic gold. Iodide of potasaium 
colours the liquid black, and then throws down a greonish pr(K.‘ipitato of auric iodide. 
Tincture of galla throws down metallic gold. 

Trichloride of gpld is soluble in ether and in some essential oils. It unites with most 
other chlorides, forming double salts called chloro-au rates, which are almost all 
orange-coloured when crystallised ; in efflorescing, tliey acquire a lemon-yellow colour, 
but m the anhydrous state they aro of an inUfiise red. They aro obtained by eva^x)- 
rating the mixed solutions of the two salts. 

CUoro-aurate of potassium, 2(KCl.AuCP).6II*0, crystnlliscs in striated prisms 
with right summits, or in thin hexagonal tables, which arc very efflorescent : it beconms 
anhydrous at 100® C. The anhydrous salt fuses readily when heated, but loses 
chlorine and becomes a liquid, which is black while hot, and yellow when cold. It is 
then a compound of aurous chloride with chloride of potassium. Chloro-auraie of 
ammonium crystallises in transparent prismatic needles, which bc^come opaque in air. 
Johnston found their composition to be NH*Cl.AuClMl*0. Chloro-aurate of sodium 
crystallises in long four-sided prisms, and is permanent in air. Its composition is 
NaCl.AuCl*.2H*0. Bonsdorff has prepared similar double salts with the chlorides 
of barium, strontium, calcium, magnesium, manganese, zinc, cadmitm, cohalt, and nkkd. 
The calcium-salt contains three, and the magnesium-salt six, atoms of water. 

Trichloride of gold likewise forms crystalline double salts with the hydrochlorates of 
many oiganic bases, c. p. cUoro-auratc of ethylaminc, C^H’N.HCl.AuCl* ; and these 
gold-salts are in many instances more convenient than the corresponding platinum- 
salts for fixing the composition of the oiganic base, because they are less liable to 
decomposition, (Hofmann.) 

OOU, CTAirXBSS or. (See Ctaniues, p. 212.) 

CMI&D* BBTSCTXOir AJTD SSTZBCaTXOW OF. 1. Reactions.- -CnU- 
compounds heated on charcoal with borax or carbonate of sodium in the inner flame 
yield a yellow, very malleable button of metallic gold. 

For the reactions of gold in solution see Trichloride of Gold above. 


. 2. Estimation and Separation. — Gold is always estimated in the metallic state. It 
vis generally precipitated from its solution in nitromurintic acid hy protosidphate of 
Ifron Of oxalic acid. Protosulphate of iron throws down the gold in the form of a line 
ftroliim powder. If the gold-solution is quite neutral, it must be first acidulated with 
hyjWilpric acid; otherwise the precipitated gold 'will be contaminated with ferric 
oxide formed by action of the air on the ferrous sulphate. If the gold-solution 
contains much free nitric acid, there is a risk of some of the precipitated gold being 
tedissolvcd by the nitromuriatic acid present. To prevent this, the excess of nitric acid 
destroyed by adding hydrochloric acid and boiling, before the iron-solution is 
addwP^ ^dxalic acid reduces gold slowly but completely; the gold-solution must bo 
dkgsted with it for 24 or 48 liours. 

^^ese methods pf precipitarion serve to s^^arate gold from most other metals. In 


cases, oxalic acid is mostly to be p 
when the quantities of the other metals 


preforred as the precipitating agent, because, 
8 are also to be determined, the presence of a 


lam amount of iron in solution is veiy inconvenient. 

f^e separation of gold in alloys may generally be effected by dissolving out the 
baaer metals with ni^c, or sometimes with hydiwhloric or sulphuric acid. When, 


inmh a M it is best to treat the allov with mtromuriatio acid, and preeipitate toe 
gold vrifli oxalic add. Or, again, the alloy may be fused with a known weignt of Iwn 


or silTier, as in the 


923), and thereby render^ decomi^ble ^ 


nitric acCA To separate gold^ftom Hn, Bu B o s e (Fogg. Ann. exit 103} bbila 
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divided alloy with rather fttrong sulphuric add mixed with -j i 

the Uquid t* the acid ia partly Wiliaed; precipS 

the stannic oxide by means of strong hydrocWoric add the irold^hAn^^ delves oat 
The enalyeis or of an aUoy of ^Id anT™’ is .• 

with lead. The weight of the huttof rcmainK 

amount of gold m the alloy after certain corrections. Alloys wntSni^cr^Wh^^-i*^* 

and <»?peP are cupeUed with lead H«d a quantity ofS 

proportion of gold and silver in the alloy to 1 pt. gold and STito silver 
obtained by ei^llation then consists of an alloy of gold and silver 
silver may lie fissolved out by nitric acid. (See Gold “LTp 932 i 
Small ornamental articles, which would be destroyed if wbmitt4 to any of the 
preceding proems are apnroxlmatoly assayed by rubbing them on a pecoCwnd of 
black stone, caUed the toimfetonc, so as to leave a streak of metal, th^Zearanw of 
which may be comped with that of similar streaks produced from allo?irf Imown 
composition. A further comparison is obtained by examining the appearance wS 
Iho streaks pr^nt when tooatod with acids. This method is also sometimes used in 
the assaying ot corns, to afford an indication of the quantity of sffver required iu the 
ciipellation. ^Tho touchstone, which is a peculiar kind of bituminourquartz waa 
ongmally obtained from Lydia; but stones of similar quality are now found in 
iioliemia, Saxony, and Silesia. 

.3. Aio7ni€ weight o/ Berzelius determined the atomic weight of this metal • 
1. By precipitating it from the trichloride with metallic mercury. In two experiments! 
9*35 d pts. gold weye nrceipitated by 14-29 pts. mercury, and 6-667 pts. goU by 9-96 
mercury. Assuming Hg ^ 200, and calculating from the equation 2AuCl* + SHg * 
:Ulg' 01 * + Au*, the mean of these results gives for the atomic weight of gold the number 
198 ’ 26 . 

2. By the analysis of chloro-aurato of potassium, KCI.AuCl* (Borz. Jahresb 
xxY. 41). The salt was reduced by ignition in a stream of hydrogen; the residue of 
gold and chloride of potassium was weighed; the chloride of potassium then dissolved 
out by water ; and the weight of the gold determined. Assuming the atomic weight 
of cliloride of potassium to be 74-5, the mean of five exporimentB gave for goldtha 
number 196*32. ® 

Levol (Ann. Ch. Phys. [3] xxx. 356) determined the atomic weight of gold by 
dis.solving a weighed quantity of the metal iu nitromuriatic acid, removing the nitric 
acid by repeatedly boiling down the solution with hydrochloric acid, then passing 
siilpliiirous acid gas through it, and precipitating the resulting sulphuric acid with the 
solution of a barium-salt ; 3 at. sulphate of barium thus produced correspond to 2 at 
gold, thus : 

2AuCl» + 3SO* + 6H*0 «= Au* + 6HC1 + 3H*S0\ 

From 1 gramme of gold Lcvol obtained 1-782 l5aSo\ whence, if BaSO* » 116*48, 
the atomic weight of gold is found to be very nearly 196, which is the number now 
generally adopted. 

C^SiB, ZOBZOSS Ol*, Aurous Iodide, Aul, is formed by the action of 
hydriodic acid on auric oxide, water being formed jmd two-thirds of the iodine set free: 

Au®0« + CHI = 2AuI + 3n*0 + 21»; 

also by adding iodide of potassium in equivalent proportions, and in successive small 
quantities, to an aqueous solution of auric chloride : 

AuCl* + SKI = Aul + 3KC1 + !•. 

It is a lemon-yellow 'crystalline powder, insoluble in cold water, ahd very sparingly 
soluble in boiling water. 

Auric Iodide, AuP, is formed by gradually adding a neutral wlution of apic. 
chloride to a solution of iodide of potassium. The liquid then acquires a daric 
colour, and yields a dark green precipitate of auric iodide, which p^ssolves on s^ta- 
tiou ; but aner 1 at. of the auric chloride has been added to 4 at. iodide of potassram, ^ 
a further addition of tho gold-solution detelorises the liquid, and forms a permanent 
precipitate of auric iodide, p^ause tho iodide of gold and potassium at first produced 
IS thereby deopmposed, The successive actions are represented by the equations: 

4KI + AnCa* t tKa + KI.AiiP; and S(KtAnI*) + AuQ* - 3Ka + 4A«I*. 

Auric iodide is & very unstable compound. When exposed to the Mr at oi^naiy 
temperatures, it is gra^Uially converted into yellow aurous iodide, and a^rwards into 
ine^c gold. It ^mbinw with hydriodic acid, and with the more basic metallic 

forming double salts, called : MI. AuP. ^ 

^Thepoiaeeium^a/^, KI.AuI* produced by dissolving awe ^ 

or by adding 1 at. aijric chloride to 4 at. iodide of potassium m solutton 
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and leavtog the liquid to crystallise, formi| long^ slender, black, four-sided prisms, with 
dihedral summits, and having the lateral faces striated ; they have a strong lustre, 
and are opaque even by canole-light. They give off iodine when heated, and lenvo 
a skeleton of gold together with iodtde of potassium. In pure water they dissolve, with 
parthil decomposition ; aqueous hydriodic acid and iodide of potassium dissolve them 
perfectly. 

CIOXiiD, MAlBrirBlUUMCt A brass containing about 4 parts copper to 1 part zinc. 
(See CoppUh, Alloys op, p. 47.) 

OO&Bf MOSAIC. An alloy of copper and zinc containing alx>ut equal parts of 
the two metals. (See Coppkb, Alloys op, p. 47; also Urea Dictionary of Arts, 
ii. 398.) 

OOXil>» MBTAUinKOY OF. See p. 923, and for further details, Ure*s Die- 
tionary of Arts^ ^c, ii. 396. 

CM>BD 9 09KCDB8 OF. Aurous Oxide, Au^O, is obtained us a green powder 
by decomposing auric chloride with cold potash-solution. It is partly dissolved by tlio 
alkali, and soon begins to decompose, being resolved into auric oxide and metallic gold, 
which is deposited on the sides of tlie vessel as a thin film, appearing gi’ccii by trans- 
mitted light, like gold-leaf. 

Aurxo Oxide^ Au®0*. — This oxide is precipitated from tho solution of tJio tri- 
chloride by’ alkalis: but the precipitate always retains, a portion of the alkali, whicii 
is difficult to remove. A good method of preparing it is to digest magnesia or oxide 
of zinc in the solution of the chloride, and decompose tho resulting magnesium or zinc 
compound with cold nitric acid (Pelletier). Fremy (Ann. Ch. Pliys. [3], xxxi. 478) 
recommends the following process : —The solution of tho trichloride is iiiixed witli a 
sufficient quantity of potash to redissolvo the precipitate first produced, and boiled for 
a quarter of an hour, whereupon tlio liquid, which is at first dark brown, gradually 
assumes a yellow tint; sulphuric acid is then added in slight excess; and the resulting 
precipitate is collected on a filter, and washed with water till the wash-water no longi i’ 
gives a precipitate with barium-salts. The precipitate consists of auric oxide. Tlio 
first addition of tlie potash converts tho chloride of gold into an oxychloride, which 
then forms a soluble compound with the potash ; and if tho solution bo treated with «ii 
acid without previous boiling, a precipitate is obtained consisting of tho oxychloride, 
which may bo distinguished the auric oxido by dissolving slowly, but completely, 
in pure water. It is only by continued boiling that tlie compound of the oxychloride 
mth potash is converted into tho aurate of potassium, the conversion being attended 
with the change of colour above noticed. The auric oxido obtained in tho manner just 
described is not quit© free from potash, even after long* con tinned washing. It may 
be purified completely by treating it with very strong nitric acid, which dissolves it . 
readily — mixing tho solution with water, which immediately procipitotes tho auric oxido 
— and washing the precipitate thoroughly with pure water. 

Auric oxido dried at 100® C. is a brown-black powder, or a brown mass having a 
conchoidal fracture. When exposed to light, particularly to the direct rays of tlic 
sun, it is very quickly reduced. It is also dccoini)o.sed by an incipient rod Iioat. Hydro- 
chloric acid is the only acid which dissolves and retains this oxide, and then triclilorido 
of gold is formed. It is dissolved by concentrated nitric and sulphuric acids, but pre- 
cipitated from these solutions by water. On the other hand, it possesses decided ncid 
relations, its affinity for alkaline oxides being so p*eat that, when Ixiiled in a solution 
of (ilorido of potassium, it is dissolved, the liquid becomes alkaline, and aurate i\f 
/^^tassiunif K*0.Au*0’ or AuEO* is formed. The unrates of the alkali-metals and 
alkulino carth-metBls are nearly colourless, and are not decomposed by water. 

Aurate of ammonium. Fulminating gold . — When a solution of gold is precipitated 
by n small quantity of ammonia, a powder of a deep yellow colour is obtained,, whit^ 
is w impound of aurate of ammonium with a i)ortion of the trichloride of gold. TJiis 
compound explodes by heat^ butjthe detonation is not strong. But when the solution 
of goltl' is treated with ant excc^ of ammopia, and the precipitate well washed 1^ 
ebmlitioii in a solution of a|i|ii^iai or better in water containing potash, tho fulmi- 
nating* gold has a yellowish colour witJi a tinge of purple, and when dry, 
explodes very easily with a jdwf iH^rt, accompanied by a feeble flame. Ife may b® 
exploded by a heat a little above the boiling point of water, or by the blow of a 
ha.mmoY« Its composition has not been ezac^y determined, but if the ammonia is 
present in double the proportion that would contain the hydrogen necessary to burn 
the oxygen of the auric oxide, which Berzelius considers probable, its constituents 
may be Au(NH^)0*.HH* or AuHO*.2NII*. The affinity of auric azide for ammonia 
is so great, that xt takes that alkali ^m all adds. Thus, when auric oxide is 
in cn^hate of ammoniunv folminating^ld is formed, and the liquid becomes acid. 

Aurate of potaeaiumf K®0.Au*0^i6H*0, or AuK0*.3H®0, is obtained in the 
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crystalline state by evaporating a solution of auric acid in a slight excess of pure 
potash, first over the open fire and uflorwards in vacuo : the crystals may be freed 
ftoiu adhering potash by rocrystallisation from water, then drained on unglazed 
porcelain and dried in vacuo. Aurate of pot assium is very soluble in water, and forms 
a yellowish strongly alkaline solution, which is decomposed by nearly all organic bodies, 
the gold being precipitated in the metallic state : it is also decomposed by heat. With 
most metallic salts it forms precipitates of aurates, which are insoluble in water, but 
soluble in excess of the precipitant ; thus, chloride of calcium forms a precipitate of 
auruto of calcium, soluble in excess of cliloride of calcium. 'J’he solution of aiirato 
of potassiuxn may be used iw a bath for electro-gilding. 

AwrosulphiU of Potassium, AuKO’4KHSO*.41PO, is deposited in beautiful 
V4*llow needles when sulphilo of potassium is added drop by drop to an alkaline solu- 
tion of aurate of potiissium. It is nearly insoluble in alkaline solutions, but dissolves 
with decomposition in ptire water, especially if hot, giving off sulplmrous anhydride and 
depositing metallic gold. Acids decompose it in a similar manner. After drying in 
va^o, it may be preserved for two or throe mouths, in well closed botth^s, but ulti- 
mately decomposes, giving off sulphurous anhydride, and leaving metallic gold and 
sulphute of potassium. The same dcfcomposition takes place more quickly when the 
salt is heatcdT (Frimy, Ann. Cli. Phann. Ivi. 316.) 

A iiurple oxide of gold, intermediato in composition between the protoxide and tri- 
oxidc probably Au'O*. is produced by the action of certain reagents, e. g. dichlorido 
of tin and orgaivic substances on solutions of gold. Chloride of gold stains the skin 
purple probably in cons<Hiuen( 2 o of tho formation of this oxide. 

CtOlbS OJtTCUlM’-aAlLTS OF. Tho oxides of gold show but little tendency to 
unito with oxycen-acidB. The trioxide dissolves in strong nitric acid, hut the solution 
is decompose by eraporation or dilution. Two doiihlo hyposulpliites of gold and 

A.w.sN.w..iro. or 

salt la prepared by mixing concentrated solutions of trichlorido of gold and hy^ 
sulphite of sodium, and precipitating with alcolioL When punlied by repeateil solu- 
tion in water and precipitation by alcohol, it forms delicate, colourless newllos It 
has a sweetish taste, is%ery soluhlo in water, but ep«>agly »• 
composed by heat and by nitric ue-id, with deposition of mctJillic milil Its solution 
gives^ blac&sh precipitate witli snlphydric acid and soluble sulpliides. The l>^e»t'; 
or^ld in this JutioS is not indicated by ferrous sub.l, ate, 
acid; and, on the other hand, sulphuric acid, hydrochloric a^, a d 

acids, neither precipitate sulphur nor expid ‘ i 

with cWoride of barium, it yields a gelatinous precipitate of batyto-aii^ous hypo 

tuJphite. containing Sulphuric acid removes all the baryta from this 

salt, and loares hydrated auraue hypotufphite, which is :«“u t 

and tolerably stible at ordinary temperatun;s. T''® “ 

used for fixing daguerreotype pictures. (Fordos and 061 is, Ann. OH. rnj 

phoaphonw. . formed when sulphydric 

OOSbO, BUnEtFHlUBS OF. Aumuf f i ’ It [» <lark-browii. 

acid ga« is posaed into a boiling solution of of w^tassiuni and 

almortbla^ Ancons sulphide <»>nbme» with j 


Bodium, forming 


L Aurous sulpliide " sulphide with 1 at. of tho 

, ..,jiinflf double aolts toeother 2 at. protrmiilphido 

alkaline sulphide. The sodiim-salt^ theXicI mass in water ; filtering 

of sodium, 1 at. gold, and 6 at. sulphur; digest g concentrating in vacuo over 

the yellow Bolution in an atmosphere of nitrogen , , . £ f obb'que hex- 

sulpWc acids' YeUow crystals are then oh^ containing NaAi^.2H'^0. 

wnal prisms with trilateral or <l^dnlat^ erudassium-solt which is obtained in a 
ftey aro soluble in water and alcoho L The j j 236.) 

similar manner, forms indistinct crystals. ^cid gas into a cold dilute 

Awrie StdpMde, Au“S*. is formed ftrJna yoUow colour, which becomes 

solution of wide It is a flooculent 
deeper by ^ing ; it loeea its sulphur at^a^moderat 
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IIOlLBy Tll3bIi1J]UBll OP# PrecfjfitAted on mixing a solution of auric chloride 
with tellurhydric acW or telluride of potassium. It likewise remains as a grey, brittle 
easily ftisible mass, when auric sulpliotellurite, Au?TeS* is heated, (Berzelius.) ’ 

OO&O-AMAXiOAMC. See page 927. 

OOUD-^ABSAT. A description of the common processes of assaying, and of tJio 
furnaces and other instruments employed, will be found in Ur^8 Dictionary of Arts^ ^c. 
(article Assatino), in MitcheWs Manual of Aasaj^inff^ ihillipa' Metalluray, and many 
ether works. We projwso here to confine ourselves to a somewhat detailed account of 
the gold-assay process in its highest refinements,, as it is at present practised by tlie 
Assayers to the Boyal Mint, the Bank of England, Colonial Mints, &c., thus supplying, 
as we believe, a considerable deficiency in the publications on the subject. 

We think, also, that the process her© described may serve as an example to 
l^ialytical chemists and experimentalists, of tlie degree of method which may bo 
^krodueed when many similar operations have to be frequently performed. 

^he gold-assayer, receiving a great number of samples of gold alloyed with copper 
end silver, not differing, however, very widely in conjposition, is required to report tlio 
exact proportion of pure gold which each sample contains. To accomplish this the 
ancient processes of ctipellation and parting are still, and probably ever will be, tiscd. 
They aro as follows ; — A given weight of the alloy, say, 10,000, is weighed out, and 
being placed in a small porous cup or cupel heated ^n the muffle of the fiimace, ia 
melted up with a certain quantity of lead, and with about three times as much pure 
silver as the alloy contains of pure gold. The new alloy of gold, silver, copper, and loiid, 
with traces, perhaps, of other metals, being now exposed at n strong red heat l.o a 
current of air, the copper, lead, &c., are gradually oxidised, and the very fiisible oxide 
of lead, dissolving the other oxides, carries them down into the porous substance of tlio 
cupel. There remains a button of very nuilleable alloy, containing three parts of silver 
to one part of ^Id, which, after being laminated, is placed in boiling nitric acid. By 
an action which it is difficult to explain, the silver is now almost totally dissolved 
away, together with any other soluble metals wbich may be present. The gold is left 
as a kind of skeleton, or spongy yet coherent mass, and may be at once solidified by 
drying and raising to a red heat. The result of the assay is then obtained, decimally 
exj^saed, by a simple weighing. 

The result, however, may, or must, be affected by numerous errors, arising from the 
following cliicf sources : — 

1. Errors of weighing. 

2. Loss of gold by slight absorption in the cupel, and by volatilisation. 

3. Slight solution of the gold bv impurity in the acid.* 

*4. Impossibility of dissolving the whole of the silver from its alloy with the gold. 

Of these the first depend on the balance and weights employed, and the skill of tlio 
operator ; they must for the most part be eliminated by attention to the rules fpven under 
the article Bai.akcb. l^e second and third sources of error would tend to give a result 
slightly below the truth ; the last, and by far the most imix)rtant, would cause a cou- 
siderablo excess in the result. 

All such errors may, however, be very nearly eliminated fi^>m the results of any 
number of assays, on condition that the process is performed with perfect uniformity 
in the case of all the assays, and that the tot.al resulting error in any one case is 
known ; for then a correction to the amount of this error cun at once be applied to 
©very other result, and the actual truth attained. Now the process can be rendered 
approximately uniform by arrangements afterwards described, and the constant aggre- 
gate error is at once known if such process be performed upon any one alloy of exactly 
known composition. Thus, suppose 10,000 parts of each of the alloys A, B, C, to give 
the respective results 9207, 9416, 9077, parts of gold— but let it be known that tho 
true result for A would have been 9200 parts — then the true results for the others would 
have been 9409, 9070 parts. More strictly, indeed, tho corrections for B and C would 
have been — 7 x 9409 9200 7 x 9070 0200 ; butwo may neglect anything 

less than 1 part, and use the.,aa^ eorrections for all alloys which are likely to be 
assayed together. . 

It still remains to be shown Hoiir a single specimen of gold, of knofwn oon^position can 
be obtained. PerfecUy pure gold is this required standard; for if we assay lO^iWO of 
pure gold and obtain the result — 10,007, for instance, the error of tha process is 
viousty, at least, 7 parts. It is better, however, on the score of uniformity* to wcig^ 
out a^ut as much pure gold os the ordinary alloys usually contain, siy 9200, and 
adding atx>ut 800 of wlver, to perform the process as usual. If we get 9207 parto.of 

* Nitrte acid eonUlnIng altroui acid wfil dOii^^jgold fBef sellot) 
rad sold if boiled in nitrfe fcld, cooiiderable ramdftef or nitron* acid 
tion orthfe add if *1111 further prothoted bv thi^Mtlce of Introducins 
tko end of the ebulUfioa $o preve&t bumping. (Hak 1 n i, Chem. Soc. Q 


. Howwhensn idl^dfjriTX 
u. xiu. lOI.) • 
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> puta. The 

attain the de^%';.Fif'’wo 

gold of the utmost purity, md compare these againrt each otherVnumeroT&uf 
assays; assuming the purest to be absolutely pure or nearly so thannw^^^?^ <^fiU 
becomes known. Tl^ once perf/i^ed, is'not^^^^^ 

Bpecimensof puregold laBt^or Aeip atandtird of puritfcan bo traMnStted^b^BD/ 
ficiently careful companson with new samples of pure gold. smittea by suf- 

Sl^ot umformity of then, combined with the eomparioon of the reetUU 

yth the knoym punty of certain specimens of pure g^i, is the mode in which alow 
the accuracy of large numbers of assays can be obtained. Such being the ratioaufc we 
now describe the practice of the process. . ® 

In the erst place, the bailee employed must be not only extremely sensitive and 
sure, but also qui^ qualities which can only be combined in a veiy light ^d 
WtiMly imns^ctedbeam. The instrument which we shaU recommend if one b^ 
fErthng, of Bi^opsgate Sti^t, Ixmdon, with a ten-inch skeleton beam resting on an 
acate edge in the centre, and with verv lieht mns RtifiTvyrtrla/i • 



loose, so that it may be taken up with tEe forceps and emptied of the pieces of raetai it 
contains. It lies in a kind of stirrup formed of light clastic bands of palladium, and 
tho weight of the whole is borne, when the balance is not in action, by an agate convex 
support which just touches the under surface of the stirrup. Tho balanS, arrtinged 
exactly as m use, is shown in fia. 618, where at a, are two comet trays; b, a box of 
assay- weights ; o, the handle of the rider movement ; d, a file lying in a metal tray. 

Fiff. 618. 



This balance when new will indicate assay-weight (10,000 « 

i gnn.), and will idways give or 1 part correctly. j i. i* * 

of a)% bei^ cut off by a ^ir of hmid^bcars, and small piecss being repeawcuy 
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cltppod or addoi^ as the beam is sben to turn one way or the other oft trial When 
a weight a little m excess of the 10»000 is obtained, the largest piece of gold in the 
pan is careAlly reduced by rubbing on the fine file laid ip front of the balance. Great 
care must l>e taken not to file off too much, otherwise a fTesh addition of ^Id will 
have to be mode, and a repetition of the adjusting process be noeossaty. When the 
Hreighing is correct within i part, it may bo considered completed ; but we preier to 
^low an error of 1 or 2 parts, and to determine its amount by observing once or twice 
the oscillation of the index of the balance, amounting, say to 1, or H dirisious on 
either side of tho zero point of the scale, and recording this in a book opposite the 
number of the assay sample. Tliis weighing process is extremely slow and tedious to 
a^novice, but thcf practised hand may accomplish from 30 to 40 weighings in an hour. 
The work may be accelerated, as is often necessary, by one or two assistants, wlm 
weigh out the assay-piecos a voiy little above the weight 10,000, in light assay balun4*('8 
of simpler construction, the chief assaycr then going over the whole and completing 
the adfustment in the best balance. The small weighed assav-pieces may be kept in 
oi^er between tho weighings by being placed in little glass tubes an inch long, canily 
made in tlio laboratory and supported in a piece of wood 8 inches square. (See 

fish fiiD.) 

fil9. Fiff. 620. 



The assay-piece of gold thus weighed out is to be at once wrapped up in a bit. of 
pure lead foil J-inch square, weighing about 0*8 grm., and placed in its duo place in 
a little metal tray with sixteen hollows, mounted on wood inches square (see 
fiff* 620). When, however, a mimple of gold contains little or no copper, a small bit 
oif copper must be wrapped up in the lead-foil, namely, about as much copper as the 
other asBay-pieces contain on the average. 

Tho tray being filled with assay-packets, is carried at once to the nmfflo furnace, 
already containing 16 cupels arranged in square order. In each cupel is first placed 
a piece of pure lead weighing 3*2 grms. (supposing tho assays to be of English 
standard gold), wrapped up in a piece of paper 1 J-inch square, together with two small 
pieces of pure silver weighing in all 1’37 grm. The paper instantly burns away, 
and the lend alloying with the silver soon forms a bath of liquid metal ; the lead 
oxide indeed at first appears as a solid crust, but in a few moments more also melts 
and swims pff the surface of the metal, which is then said to have uncov^ed. With a 
little dexterity,, lead and silver may thus bo placed by the assay tongs in each of tho 
sixteen cupels, beginning with the foremost on tho left hand side, almost before any ol 
them is completely melted and uncovered. The adjoining figures will sulRciently 


explain the order of tho assays both in 

and out 

of tho fUruace. 


12 3 4 

13 

14 16 

16 

6^78 

9 

10 11 

12 

9 10 11 12 

6 

6 7 

8 

13 14 16 IG 

1 

2 8 

4 

Order of asKAyi 


Order of sstayi la 


ill the irays. 


the mufBe. 



Wlion cupel (1) is ready, assay piece (1) wrapped in tho lead foil is taken up in the 
tongs (the ends of which must be kept cool with water), and then adroitly dropped into 
the bath of lead and silver, without causing any splashing. The othw fifteen assays 
are similarly treated in their due order as rapidly us possible. Almost instenteneousY 
^6 lead-foil of each melts, and the whole of the gold is seized by the liquid metal. 
7he oxidation of the lead then proceeds rapidly, and the completion may be known by 



the liquid button becoming covered wiGt aju iridescent filni, whi^ Ul^riliy 
itoing off, leaves the button with a bright metallio iurik^. The assays trill thuf 
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finish cupelling nearly in their numerical order and tha i , 

successively from the muffle and placed in order in the ^ ^l^drawn 

Having become solid, each butfon is ®r 

any dirt, rcmaraing on ite nnder-surface is to be removed ht ^ ?u 
the pliers, and brushing the bottom with a Kerairh-hrmh ^tr *“ 

l,aa now to be hammered out into the form shown foX 
in tho muffle, and then rolled out in a pairTf go&it^^^u. ^ !fn° r 
>•(/. 523. The metallic sUps have again to be ann^ii ^t . ? “ *" 

curled up into a comet, .u, m/y. 624. All the sixteen assays whfoh wrLl!^se"to"llj 
623e 52.J ^25. 



unilcr operation, are to be carried through these processes in coinimny 
kepf in duo order by the iron tray, except, of course, when they are in the 
re quires, liowever, some dexterity to place all the sixteen buttons or slips 
ill dun order, and remove tlicm again before they grow too hot and melt 

It is very nocossaiy tliat the metallic slips now obtained should bo smooth nt the 
edges and, ^nsequontly, perfectly malleable. That they arc sometimes not so may 
Jtrise from the funiace being too hot or cold, tho assays being too long or too short 
a time in it, or the quantity of load not being corroetly proportiont'd to the cooixir in 
tln^ alloy. 

1'hc boiling process is now to be carried on in a row of French assay flasks, each 
heated by a small rose gas-burner, the fumes of the acid being earrii'd off by an 
(‘art hen ware flue, or by other means. A quantity (26 grms.) of nitric acid, of tho 
specific gravity 1*20, is to be poured into each flask from tho pipette measure (Jig, 62C) ; 
one omtee measure of acid is the quantity used by many assnyors. Tlio neid is to bo 
h(\Mfed nearly to tho boiling point, so tliat when the cornet is placoil in it, violent 
Holntion of the silver at once commences. This being done, consideraldo heat may l>o 
applied, until in two or three minutes the whole of the orange-coloured nitrous gas is 
drivou off. The clear acid is boiled slowly for five minutes, and then poured off into tv 
jug, di.stilled or other pure water being used to 

M-ash the adhering silver solution out of tho Fig. 620. Fig. 627, 

tlask. A second ounce of very pure nitric acid, of 
specific gravity 1*32, i.s now added, together " 
with a small piece of charcoal (a calcined pea 
answers bert), to prevent explosive ebullition, 
and the boiling of Uic comet is continued ns 
tranquilly as possible for tw'enty or thirty mi- 
nutos. Ily this time the cornet will consist of a 
soft but coherent brownish-coloured metallic 
skeleton, containing tho whole of the gold in tho 
original assay piece, almo.<4t perfectly fi’oed from 
Silver and evciy other impurity. The acid is to 
he |w)iirod off from the cornet^ w'hich is done 
hy gently inclining the flask, and tho flask is 
filled up to the top with pure water. For this 
purpose it is convenient to have a small tin or 
vojiper water cistern \Vith a stopcock, and an 
india-mbber tube. Each’ cornet must now bo 
romoYoA to a little crucible, which is done os in 627, by dexterously deeantivg it 

that is, inverting the flask into the crucible, allowing the cornet to fall through the 
wat(>r to tho bottom of the crucible, and then quickly removing the flask before much 
water can run out* Lastly, the crucible is drainiHl of water, and raised to a red heat 
in tho muffle. As lirfore, each operation is to be performed on the sixteen assays in 
company, before the next operation is begun, and tho numerical order is always 
mechanically. 

Withdrawing tho crucibles from the furnace, we find in each a small comet of bright 
which, if unrolled, would have the form h in fig. 623. It Ihen the 
<^xact counterpart of the original alloy, contracted to a much smaller siae. Ihe w>rneU 
ftre to be removed by a pair of weighing forceps from the crucibles, and placed in due 
order in the small tray (fig, 62^) They aro then to he carried back to the balance 



being always 
furnace. It 
in the muffle 
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And snccesbiTely weighed. Of course, the same pan of the balance, the right-hand pan, 
niiist be used as in weiehing out the original assay pieces, in order to elirniuato error 
of the baianoe. In this weighing, too. we may eliminate, without any additional 
trouble, the error in the initial weighing (if any were observed and recorded) by simply 
adjusting the weight so that the Wm shall not stand at zero, but swing to the same 
point of the index as it did in the prior weighing. The weights used may be the 
ordinary series, 10,000, 6000, 2000, &c., but it is much preferable to have a scries of 
weights, as 9000, 9100, 9^00, prepaid by the balance maker to suit the results 
expected. A rider-weight (see article Balance) equal to 100 being then used on a 
divided beam, gives the result with great facility, within one part, being the part 
of the original assay piece taken. 

For the purpose of correcting the results of the assays thus performed, we may 
suppose that one of the sixteen assays was what we call a ^roof or check assay, 
performed on nearly pure gold of known standard. Thus, suppose this comparison 
gold contained 9997 pts. in 10,000 of absolutely pure gold, and that an assay piece of 
9 1 54-, containing therefore very nearly 9161 pts. of pure gold, was weighed out and 
assayed, giving as a result 9158. The error then of the assay process is seven in excess, 
which amount must be subtracted from the result of each of the other fifteen assays. 
This error being known or determincHi each day previously to the weighing up of the 
regular assays, the subtraction of the error may be conveniently and accurately madt^ 
without calculation, by placing a small coiTcetion-ridor of proper weiglit on the lower 
branch of the beam, on the opposite arm to that which bears the comet. The results 
thus obtained are ready to be reported. With the same operators, apparatus, and 
materials, this correction for surcharge should remain nearly constant for weeks or 
months together. To ensure this constancy should be the great aim of tho assayer; 
but the correctness of the results mast bo almost daily tested, and especially when any 
change in the process or materials takes place. The surcharge should not exceed 
about 10 parts. 

Whatever the number of assays to be done, they must all bo arranged in lots of 
sixteen each, with proof or correction assays interspersed if noeosaary. Each page of 
the assay-book, too, may bo devoted to a lot of sixteen, and ruled accordingly. A 
symmetrical numerical arrangement is thus maintained througliout by more mechanical 
means ; mistake or disorder is rendered nearly impossible, and reference to any assay 
during? the process most easy and certain. Some might prefer a decimal arrangement 
from its numerical simplicity; but, in the mechanical parts of the process, it would bo 
found comparatively awkward. In the furuacing operations, only sixteen can generally 
be in progress at once; but in the other parts of the process as many a.ssays — 100 or 
200 if necessary — ^may and ought to be performed in company as there are trays to 
hold, or gas-burners and flasks to accommodate. The order of the numerous trays 
and other apparatus must therefore be preserved by numbers on them. It is obvious 
that the last trav of any lot of assays will generally not be full. Any as-says subject 
to irregularity should l>o at once repeated, and, if possible, joined to the original lot. 

The quantities of silver and lead stated in the above description are adapted for 
English standard gold, consisting of 9167 pts. of gold and 833 pts. of copper. Any sot 
of samples, varying in fineness say from 8600 to 10,000, would be assayed with tbo 
same quantities, the variation in the resulting alloy not being sufficient to affect the 
result materially. Each assayer must, however, estimate the average fineness of tho 
samples he receives, and make the quantity of sUver three times that of tho average 
weight of gold in the assay piece. The load must be that given as sufficient in the 
fbUowiDg table, to remove the largest quantity of copper commonly present in the 
assay piece: 


Gold In 

Lf'iul, 

Cold in 

Lead, 

10,000 f>Artl. 

grammes. 

10 , 0(10 parts. 

grammes. 

10,000 

•6 

8,700 

60 

9,800 

10 

8,300 

7-0 

9,600 

20 

8,000 

8 0 

9,400 

30 

7,700 

^ 9*0 

9,200 

40 

7,300 

ioo 

9,000 

6‘0 

7,000 

iv-0 


To sacure nnifbrmity, the same quantity of lead should be used ordinary assays; 
bub when the gold contains much -IjBss copper than usual, or’wrhops none, a snaall 
piece of copper wire, the size of a pins head, must be added, when wrapping up 
the aseay pieee in lead-foil. ThisjmQ prevent failure in the cupelling. 

/stprmd pxoc^ above described is, fixr the moat pa^ such ai mtmy . 

ol the Xondon assaycTB now adopt. We have ourselves, howeveTr employed^for 
years a modification of the boiling process, which is at once quicker, m 
PevUesome, and more accurate. It is only to be recommended, ho^^ever, where w® 
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gamples ■» pretty uniform m comp^jtum, so that proper acUustments may be made 
to obtain the comets alway" smooth-edged and strong. In this process, each metallic 
»l,p. after lamination, IS stamped with a small number at one end, as shon-n in/f,« 
523, 524, 525. a senes of siiittll niimenU punches, from 1 to 16, beinff kept’^for 
this punxjso. The assays fi-om this point need no longer bo kept separate. After 
ann^ing m a crucible, and coiling up as usual, each lot of sixteen is put into an 
English flat-bottomed assay-flask, containing say sixteen ounces of the weak acid 
(specific gravity 1*20), already heated over a sand-bath or gas flame. I he solution 
and boiling proceed just as if each assay were in a separate flask. The labour of 
manipulation hoing reduced nearly to the part, the washing with distilled water 
maybe several times repeated, and the sixteen ounces of strong acid maybe applied in 
two equal parts, with an intermediate washing, each portion being boiled ton ininuten 
Several bits of charcoal must be always in the acid to prevent bumping. Tlie decanta- 
tion is porfonned by filling tJie flask with water, closing its mouth with tlie thumb 
inverting it into a basin full of water, and then withdrawing the thumb. The corru ts 
fall out uninjured. By a pair of light forceps they may be safely picked out, placed in 
rows on a pii'cc of tile, and annealed. The figures oi*iginally impressed on the alloy of 
3 pts. of silver to 1 pt. of gold remain as legible as before, now tlmt the 3 pts. of silver 
arc goiK^; the order of the assays i.s tlius known. Occasionally, but rarelj", it may 
happen that a cornet la broken up, and its fragments spoil the remaiiuhT of tlie sixteen. 
Yet, having performed many thousand assays by this rnf^thoil, we may state that it is* 
on conditions already stated, not more liable to accidents tlian the separate melhod,’ 
while it is rather more speedy, effects a great and obvious saving of labour, ami, by 
allowing perfect uniformity of action in the boiling process, admits of greater accuracy 
than can be otherwise attained. When the assays in the flask are loss lhan sixteen in 
number, the acid used must bo proportionally less; marks may easily l)c made on the 
flask with black varnish, to indicate the proper quantity of acul for each number of 
as.says, ^ The fumes from tlio flasks may easily bo carried off by a J incli glass tube 
fitting into the mouth of the flfisk, and communi^iting with a flue. Other aminge- 
mciils for 8iipi.)lying a good heat, as well as hot acid and hot distilled water, may easily 
bo contrived by any p(?rson who requires to carry on the process on a largo scale. 

Standarrl Pure Gold. — To prepare the pure gold necessary for comparison assays, ns 
already described, cornets or otht^r fine gold must be dissolved in aijua- regia, and the 
excess of acid must be di’ivon off as completely as pos.siblo by slow evaporation. Tlie 
chloride of gold is then dissolved in a large Ixidy of jiuro water, say two or three 
gallons to each ouhco of gold, and the whole left iiiulisturbeil for a week. A sediment 
of chloride of silver, a little insoluble subchloridc of gold, and unj* other impurity 
l-n^sent will then have perfectly settled down. The clear liquor is carefully drawn off by :i 
siphon, filtered through thick paper into a perfectly clean vessel, and the precipitation 
of the metallic gold effected by oxalic acid, solution of protosulphate of iron, or sul- 
phurous acid. Of these reagents we prefer the bust, which is to be slowly pass('d 
through a wash-liottle and into the gold-solution, at as low a temperature ns possible, 
and up to saturation. It is still bettor to precipitate the gold fractionally iii tlin o 
parts, of which the .middle and largest part only is to be iisrd. The soft gold powder 
IS to be well washeni, boiled in pure hydrochloric aciil, again washed and dried, finally 
melted in a strongly hcatccl muflle in a cmcible of white French clay with a liftlo 
acid sulphate of potassium and crystallised borax. Gold of at least the fineness 9997 
or 9998 will generally be obtained in tJiis way. 

To perform the assays with despatch, every possible preparation must be made 
boforenand. The pieces of assay-lead of uniform weight may bo most easily obtaimjxi 
V>y use of a bullet-mould made to cast pistol shuts of the proper weight and five or six 
at a time. 


^ The assay-silver must be rolled out at a flatting mill to the thickness of a fonrpenny 
^>icce, and then cutup into square pieces of uniform size and of the required v eight, 
hy means of a pair of fixed shears, with an adjustable guide or gauge on the lower 
blade. It is nccessair %f course to recover the silver after its solution in the nitric 
acid, and use it agaiirrepeatcdly. This may be done by precipitating witli common 
Balt, collecting and washing the chloride of silver, and when free from nitric aci 
reducing it by pia<^a df zinc or iron laid iu it and caused to evolve hydrogen by adding 
a little stdphurm The metallic silver-powder wliich is in a little time obtuined 

be melted ^ soon as it is cleared of the zinc or iron and 
Much economy may be practised, if desired, in the use of the * * , 

the stronger acidXspecittc ^ity 1 -32) after being used for one ^ P 

diluted with a prbper quiStity of distilled water, and again used as the weaker aci^ 

foe another I ^ '' 


, Even after bdiug used- as weak acid, the silver it contains nioy be 
b}-drochloi^4i|iid,^d both the silvOr and nitric acid become again serviceable The 
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mwt extrcti^ caro, however, must be tHken that no nitric acid used in an assay con. 
tains the slightest trace of chlorine ; otherwise gold will bo dissolved and the assay 
entirely falsifted. The presence of chlorine may of course be known by a cloudy 
white precipitate when silver is added to the clear liquid; but wo prefer as a precaution 
to reverse the test, and never use any acid which does not contain a very minute trac^. 
of Hlver, and yet remain clear. If a larger quantity of silver were in the strong acid 
it would, from an action not properly understood, increase tlie surcharge^ or quantity 
of silver remaining undissolved m the cornet. Bv the alternate use of hydrochloric 
acid and silver solution, any good nitric acid may bo prepared for the assay process, the 
chloride of silver produced, however small in quantity, being allowed entirely to subside. 

The cupels used by the gold assaycr should bo of the finest bone-dust, made by 
Deleuil et Fils, of Paris, who also supply, directly or through the London dealers, tho 
best furnaces, muffles, crucibles, flasks, and other such apparatus, that is to be had. 
The cupels may be Imd ready made, or may be made in the laboratory with a proper 
mould. When large numbers are rcmiire<{, it is usual to employ a press resembling a 
small embossing press. Inferior English bone-carili is apt to disengage carl)onic acid 
in the furnace, which spirts out small quantities of tho melted metal and hopelessly 
falsifies the assay. 

Of course in practice no purchase of bullion must be made on the result of a single 
assay, so liable as it is to accidents or mistakes ; but the mean result of several assays, 
not differi^ more than ten or twenty parts among themselves, must bo adopted. 
Thus the Bank of England carry on the whole of their enormous transactions in 
bullion upon triple aswiys of each ingot made by some scientific assayer of high 
standing. In evoiy mint, two or more assayers are employed to check each other’s 
results. 

A clear idea of the accuracy of the process above described may be gained from tlio 
following table, wh ch shows the differences of the reports of two assayers upon 1161 
samples fri)m gold ingots, each assayer making only a single assay on each. 



Number of 
AHiayi 

diflr.>rfiig. 


Number of 
A Mays 
(UffV'rliifr. 

Differ- 

ences. 

Number of 
Assayi 
differing. 

Differ- 

ences. 

Niimlier of 
Assays 
differing. 

0 

123 

, 9 


18 

1 

27 

1 

1 

257 

! 


19 

1 

28 

2 

2 

240 

i 11 


20 

2 

29 

2 

3 

205 

12 

15 

21 

4 

30 

1 

4 

156 

13 

11 

22 

2 

31 

2 


117 

14 

8 

23 

2 

35 

1 


79 

15 

7 

24 

0 

44 

1 


65 

16 

8 

25 

G 

45 

1 

8 1 

62 

17 

1 

26 

2 

49 

1 


The differences are expressed in parts of 10,000. 

The mean difference of those which do not differ more than 16 parts is 3*8. Such 
differences arise from a want of perfect uniformity in the procejM. The differences 
beyond 16 parts obviously assume a different and unconvergent character, arising 
from particles of gold detached from the soft cornets ; only 33 assays are thus erro- 
neous, and these would be corrected by a repetition of the assays. Of course a 
difihrenoe of one part in the assay report corre.spond8 to no more than a difference of 
If. in 10,000f. in the bullion transaction. Tho reduction of tho result of an assay 
decimally expressed to the trade report in carats, grains, and eights, is a simple ques- 
tion of ariChmetic. W. S. J. 

001iD«8BATnul* SXnr. The peritoneal or serous membrane separa^ 
fbom the intestinal tube of the ox and other animals. It is attenuated by being 
^beaten with a hammer, and subsequently prepared so as to resist putrefaction. 

Boq Urds Dictionary of Arts, xo\, 

OOliB-VinUPUL Purple or Powder of CV7s«2«.-r?When dichlon^h 
added to a dilute solution of gold, a purple-coloured powder w^ch has |^i^ed 
these names. It is obtained of a finer tint when dichlorid^l^; & is added to a 
solution of sesquichloride of iron, till the colour of tho liquid of ^froen, 

ind the mixture is added, drop by drop, to a solution of ti^Ubriaeb^ gold; the liquid, 
hi that state, is firoe ftom mtiielaci^ and veiy diiut^#%fter 24 hours, a 
tiowder is deposited, which is slightly transparent, and 'pirple-red by transmitted 
but assumes a dull blue emour when dried. Heated to redness, it los^ o 
tittle water, but no ojtygen, ? and retains its flurmev appearance. J| ?iniii^ed w 
jiiiinionia on the filter wnflo atill moist, it is dissolved, ahd a 
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throng wUcfc nval* in beauty the permanganiite of Dotaaainm Vr^ .kj » j 
the ^ounng matter separatee very gradually, weeks ehmim **^"“*‘ 

of the liquid becomes colourless ; iJut it is 

close Tcssel between 140° and 180° F. The oowder of Caasinr^'^^Lr w" . “*?* !” • 
ofpot«.h .«ndsod». It may also be 

parts of tin, and 16 parte of silver, under boni, to pwvra* the 

ineTollic^Id, tom which U» »hl‘^’ bf‘%8wlv^d ’out“^*]StomuS®^^ 

ammonia, and the fact that mereuiy does not dissolve out gold from the poWer when 
properly prepared, appear to bo conclusive against that opinion The proportions of 
Its ron^tuents vary so much, that there must be moro than one compound: or moro 
hkely the colouring comwund combines with more than one proportion Jf stannic 
oxide. Beraelius proposed the theory that the powder of Casiius may conUin the 
purple dioxido of gold (wmbmed with sesquioxide of tin, An0.Sn*0* A clanco at its 
formula shows how readilj tho powder of Cassius, as thus represenl^Ki, may pass into 
gold and stannic oxide: AuO SnW = Au + 2SnO». Tho existence of S purple 
oxide of gold. AuO, is not established ; but it is probably the substance formed when a 
solution of gold is applied to the ski^ or nails, and which dyes them purple 

Pelletier giv^ the following method of preparing a purple of Cassius of constant 
composition. 20 grammes of gold are dissolved in 100 grammes of aqua*r(^a con- 
tnimng 20 parts nitric to 80 parts of commercial hydrochloric acid; the solution is 
evaporated to dryness over the water-bath ; the residue dissolved in water • the 
filtered solution diluted with 7 or 8 decilitres of water ; and tin filings introduced 
into it : in a few minutes the liquid becomes brown and turbid, and deposits a purple 
precipitate, which merely requires to be washed and dried at a gentle heat. O^io 
purple thus prepared contains in 100 parts: 32746 stannic oxide, 14*618 stannous 
oxide, 44772 aurons oxide (Au*0) and 7*864 water. The precipitate obtained by 
treating trichloride of gold with pure stannous chloride is always brown. To obtain a 
fine purple precipitate, the chloride of gold should be treated with a mixture of stannous 
and stannic ehloridea. The fbllowing process gives a fine purple : — a. A neutral 
^lution is prepaid of 1 pt. of tin in hydrochloric acid ; b. A solution of 2 pts. of tin 
in cold nitromuriatic acid (1 pt. hydrochloric to 3 pts, nitric acid), the liquid being 
merely heated towards the cud of tho process that it may not contain any protoxide 
^ parts of gold are dissolved in nitromuriatic acid (6 hydrochloric to 1 
nitric acid), and the solation, which is nearly neutral, is diluted with 3600 parts of 
water. To this solution c the solution b is first added, and then the solution a drop 
by drop, till the proper colour is produced. If tho quantity of a is too small, the pre- 
cipitate is violet : if too largo it is brown. It must bo washed quickly, so that the 
liquid may not act upon it too long. (Graham's Elements, 2nd ed. ii. 364.) 

OOXiBSir nUJlOABXTB. An old name of sine. (Seo Tire's Hietionary 
Arts, ^c. ii. 399.) 

OOBBair SVXiBBimST ox* AXrTZlSOarr. Sulphur Antimoniiauratwn,-^ 
Pentasulphide of antimony (i. 334). 

OOBTO-OOVO or Tanutam of the Chinese. A kind of cymbal which makes a 
very loud sound on being struck. It is composed of an alloy of copper and tin, 
containing, according to Th6nard’s analysis, 80 p<T cent, copper and 20 tin. 

OOWiTBXTB* A mineral occurring in yellow or brown grains on the sh^ of 
Yli Kitk^arvi, in Finland. It is indistinctly cirstalline, and cleaves with modemte 
facility in two dir^ions. Lustre waxy. Translucent on tho edges. Streak 
Fracture conchoidal or Splinteiy. Specific gravity *= 2*7. Hardness « 4 to 6. Before 
the hlovmipe it gives 6W water, and melts to a blistered glass at a stronger heat Ae* 
cordingvlfc analysis it contains : 

, A l»0» > r<^ MnO Mgo C«0 K *0 Ka^O 

66*22 21*80 4*iS 0'82 6*00 0*77 4*46 0*46 677 -OS 69 

Which 1 

general forni , . 

1857, p. 677 ; Bamndsb^M Minsralchemu, p. 861.) 

OOBXPxbtbB. An instrument for measuring the angles of crystals, fitea 
^UTBTAlXOOftAVHT (p* 169). 

The red ooraL It oonsists of an interior stem, com* 


I by substitMxil pMitO|rides, m*0 for sesquioxides, 

ftl forhi f M*wi*)Si^>^'#liich to that of a metasilicate, B^iO . ( Jahresb. f. Chem, 
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pos^ of gelatinous matter and carbonate of calcium, with a eoitex oottsistii^* of 
tnembnine with carbonate of calcinm^ coloured by some unknown dubstance. u. 

CMglSaif ITS. Syn. with Bisry£« ^ 

OOglagJilTB. Natiye B\ilpliate of ainc. (See Sulphates.) 

CKIsiUkW. A Cornish mining term for an oxide of iron mixed with other metals. 
(See Ur^s Dictionary of Arta^ ii. 399.) 

OOSSmuaCt The cotton plant. (I^e Cotton, p. 91.) 

laOTBXTS. A variety of native ferric hydrate, Fo*0*.IPO or/6*IIO’, crystallisod 
in prisms belonging to the trimofcric system, longitudinally striated, and oAcn flattonwi 
parallel to the braehydiagonal. Cleavage very perfect parallel to the brachydiagonal; 
also fibrous, reniform, foliated, or in scales ; massive. Hardness =» 5 to 6*6. Specific 
gravity 4*0 to 4*4. Lustre imperfect adamantine. Colour yellowish, reddish, and 
blackish brown, often blood-red by transmitted light Streak brownish-yellow to ochre- 
yellow: It is found at Eisenfidd in Nassau in foliated crystallisations of a hyacinth-red 
colour {ltubingUm)ner\ together with brown haematite. It occurs also at Clifton, near 
Bristol, at Lostwitliiel and Botalhick in Cornwall, at Lake Onega {Onegite) in Siberia, 
at Oberkirchon in the Westcrwakl, Zwicken in Saxony, Eiserfeld in Siegen, Przibrani, 
&c. A capillary variety {SatMiuiblmtlti) occurs at IVzibram and olsowhoro. 

OOTTBikllDXTB. DitfrenoysUe . — Native sulpharseuite of lead. It occui's 
Crystallised in regular dodccMhcdrouB, with truuoatea etlges. Cleavage not distinct. 
Specific gravity 6*649. Lustre metallic. (^olbu||gteeJi*^grey. Streak reddish-brown. 
Brittle. The mean of two analyses by per cent. S, 2078 As, 

66*30 Pb, 0*19 Ag, 0*26 Ca, and 0*38 Fe, agrii^^^plfty with the formula 2PbS.A8’S*, 
which is analogous to that of hotcromori)hitgf;,SMmc tiiking the place of antimony. 
The mineral is found in the dolomite of St. Qothard, together with realgar, orpimeiit, 
blende, and pyrites. j(Dana, ii. 77.) 

OOVBA&B'S BJLTBACT. A saturated solution of basic acetate of lead. (See 
Acetates, i. 16.) 

OOIfTT COfTCXlBTZOXrfiU Concretions of acid urate of ammonium, formerly 
called chalk-stones, from their resemblance to chalk. (See Umc Aero.) ^ 

• OBABVATSII SOBxrrzoXfS. Solutions of acids, alkalis, &c,, of known 
strength for volumetric analysis, (i. 266.) 

< OBABVATZOJr OF OBASS TUBBB, Ao. Seo ANALYSIS, Volvmetbio 
(i. 256, 269). 

GBABUATZOlZ OF SABT WATERS. Tho concentration of sca-water and 
the water of brine-springs previous to Iwiling, by causing it to fall from a trough or 
cistern over a wall of twi^ or thorns, by which it is distributed and exposed to the air 
in the form of rain. (See Sodium, Chloride of.) 

ORAXNBR. Tho lixivium obtained by infusing pigeon’s dung in water is used 
for giving flexibility to skins in the process of tanning, and is called tho grainer, U. 

ORAZWS OF FARABZSB. Mallaguf:Ua pepper. The fruit of several zbgi- 
beiticoous plants, used to give a factitious strength to beer and cordials. 

ORAZBr-TZir. See Tin. 

ORAMBZATZTB. Syn. with Tremolitb. 

ORAMMZTB. Syn. with Wollastonitb. 

ORARATZB. Chranadin, Qrenadm,—K bitter ciystalline substance, obtained 
by Landerer from tho husks of unripe TOmegranates. It crystallises in stellate groups of 
needles, and when heated emits the odour of burnt bread. To ppepare it, the aqueous 
'decoction of the alcoholic extract of the husks is boiled with white of e^ to precipi- 
tate tannin, then evaporated ; the residue is exhausted with dilute sulphuric acid, and 
the granatin, precipitated from the acid liquid by potash, is purified by recrystallisation. 

• The name granatin was also applied by Latour de Trie to a sweet subst^ce which 

he obtained wm the root-bark of the pomegranate tree; but this was sjwwn by 
Boutron-Charlar^ and Guillemette to be identical with maniute^ Chenu 

iii.686.) ' 

ORAirZTB. A crystalline rock composed of quait^|Pte^, ^p_^ „ 

promiscuously together. The felspar constitutes ordinirijjipubww par 
varies very widely, while the quartz usually amounts to pi^40 j^ 
granite contains about 72*3 per ^nt silica^ 16*3 ailuminaii 7*4 almis, 6*0 liiu<^ 
nesiaand oxide of iron. Pegmatite is graphic gwmite.- filesp^ting tha^^s^^ 
itonaUon of granite, see Gbologt, Chbmistbtop, p. 882, Loca4ti«j ai^J 
varions kinds of granite fbpnd iu the United Kingdom ; Ur^$ Diewma 
ii, 400. On the composition of the «anites of tha south-west of 
the Bev. a Hau^n, Mag. [4] x. 23.] 
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dividing metallic subsfonces into grains or 
small particle^ in order to facilitate their combination with other shbataneos and 
Bometinies for the pinpose of readily subdividing thoin liy weight ' 

This is done either by pouring tho melted metal into water.’orby agitatinir it in 
a lioK untd the moment of congelation, at which instant it becomes converted into a 
powder. 

Various contrivances are used to prevent danger and ensure success in the several 
m<anufactures that require granulation. Copper is giuniiUited for making bi-ass by 
pouring it throwh a perforated ladle into a covei-ed vessel of water witli a movable 
false bottom. For making small shot, a compound metal, consisting chiefly of lead 
is poured into water through a perforated vessel of another kind, in which the helMit 
above the surface of the fluid requires i>articular adjustment. In some manufactories 
of this kind, ^ tho height is upuiird of 100 feet. y 

ORAWITIiXXfi* I^Mritp, — A rock consisting of a granular mixture of 

felspar and quartz, sometimes with garnet. 

OR.a.M’TrbOSB. According to Ntigeli {J)k SUirkcmihlkorner^ 1858), starch- 
granules consist of two substances, which may bo scjwi-ated by cei-taiii solvejifH 
especially by saliva, which dissolve out tho substance that gives the blue colour 
with iodine (the time starch, called gramdosc by Nageli), and leave a skeleton of 
cellulose. Niigeli’s results have, how'cver, been called in question l>y other observers. 
(SCO Starch.) v 

O&^LPfi. See Vhtb. ^ ^ , 

GRAPB-SirOjAJl. Seo ' 

GRAPBXO GOZiB. Graphio Graphic Tilliirium. Sj/iva7iitc. — A tellurido 
of gold and silver found at Nag]^and OlKmbanya, in Transylvania. (See Sylvanitb.) 

GBiLPBZTlh A variety of native carbon occurring in opaque masses of an iron 
black or steel-grey colour, sometimes crystalline, sometimes amorphous. (See Cahhon, 
i. 758.) 

GXUkPBZTZC ikcro. or GriH^O'.— An acid discovered by Brodio 

(Ann. Ch. Pharm. cxiv. 6), and produced from graphite by the repeat eel ai^tion of 
chlorate of potassium and nitric acid. Graphite, carefully purified l>y boiling with 
acids and fUaion with hydrate of potassium in a silver crucible, is intimately mixed 
witli 3 at. chlomto of potassium; the stmngest nitric acid is added in snllicient quan- 
tity to render the mixture fluid ; and tho whole is citlior exposed to sunslijno or h(*al ed 
on the water-bath to 60° C., for three or four days. If at the end of this t ime, no rnuro 
yellow vapours are evolved, tho mixture is shaken out into a largo quantity of water, 
the undissolved portion completely washed by decantation, dried on the watcu'-batlj, 
and again brought in contact with the same quant ities of nitric acid and chlorate of 
potassium; and tho samo treatment is repeated four times, or as often as an}' further 
alteration of the substance appeal’s to bo produced. Graphite eannot bo coi)ii)l»‘t(!ly 
converted into graphitic acid by on o warming with ehlorato of potassium and nitric 
acid, even for a long time. Graphitic acid obtained as above contains alx)ut ^ per 
cent, ash, probably derived from the glass vessels. 

Graphitic acid forms perfectly transparent, thin crystals, belonging citlioT to the 
trimetric or the monoclinic system. It is somewhat soluble in pure Avater ; iiisohilile 
in water containing ^ids or salts. AftcT drying at 1()()° C. or in vacno, it gives, by 
analysis (after deducting 1*6 per cent, ash), CI O! per cent, carbon, and 1'85 hytlrugui, 
agreeing with the fommla aboA’e given, wliich requires ClOl C, 1*85 11, ainl 37*01 O. 

Graphitic acid decomposes wlien kaitrc/, with explosion, iiican- 
doscence, and evolution of gas, and leaves a black fmcly-dividcd re sidue. 
suspended in Rangoon naphtha (rectified over sodium and boiling sd 270 C.) aiul 
heated, a largo quantity of water distils OA’er between 100° and 200°, whilst iirst a 
small and 

acquires a deop red < 

coaL This^Msidi^Ou collected tu^^x o wx -- — ^ 

naphtha 66'77 to 66*98 per cent., but still contiimcd traces of tr.ins- 

paront hour^ heaUng, it weighed 65*77 per cent., and bad then 

WheHa flol^on^ of ammonium or sulphide of luWnco 

upon graj^tic acid, it deikmiposoa- with decrepitation, forming a graphi 

^S^^tioa^lfe’ife^posed in like manner ky boiling with acid solutions of euprout 

— Ocapkitic acid unites with alMl*. 

1 transfonnk into a tnmsparent joUy, without dissolving, and on addiUop 
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of acide, is ] 7 mipitated as a jolly, like silicic nckl, which, after drying in raeuo bat 
tlie samo weight as the graphitic acid o^ginally employed. ’ 

Graphitaie fertum.— Moist graphitic ai*i4, shaken up with baryta-water then 
washed and dried at 100® C., yielded a flb^nnd which contained 2l i9 per cent Ea 
and after being sunpended U water and de^posed by a stream of carbonic acid, still 
contained at lOO^J 13 30 per cent. Ba. Hence Brodie regards the former salt as 
essentially con^ning C“if»Ba''0*« (calculation 24*13 per cent. Ba), and the latter as 
C“H**Ba (calculation 13*73 per cent Ba), and gniphitic acid probably as dibasic. 
The barium-salts are hygroscopic, and detonate with violence when heatetl. 

ORAPBOMT. Symbol^ Or. Atofhie ihnght^ 33. — A modification of carbon, sup- 
posed bv Brodio to exist in grophito and graphitic acid. If the latter compound be 
regarded as analogous to tlio acid, Si*H*0*, which Wohler obtained by the action of 
raidisiug agents on graphitoidal silicon, it must contain 4 atoms of carbon or grapbon 
its formula then bccuiiuiig GriH^'O*, and the graphon entering into it with the utoiuic 
weight above given (Or* =» 4 x 33 = C“ = 11 x 1*2). 

OBAS8B8. The composition of cereal grasses, and of the ash which they leave 
when incinerated, has abeady been given in the article Cbreai. 8 (i. 823). The fol- 
lowing table (p. 943) exhibits the composition of the aah of a considerable number of 
meadow and ^ture grasses, as determined by Messrs. Way and Ogst o n. (Itoy. i\gr. 
Soc. J. vol. ix. pt. i. ; and vol. xii. pt. ii. pp. 616, 630, 638, 639; Jahresb. f. Chom. 1849 
p. 698, 1850, p. 668.) 

®BASa-OXI», BAST XBBZAB* An etlfereal yellow neutral oil, having a 
sharp agreeable taste, and an odour like that of rose-^il; it is said to bo obtained from 
Andropogon Ivnarancusa, By rectifying it wij^ water, Stenliouse obtained a resinous 
residue, and a colourless distillate having a Icis agreeable odour. This distillate, atlcr 
being dehydrated by chloride of calcium, began to boil at 147® C-., after wbidi the 
boiling point rose to 160®, where it remained stationary for a while, and then rose 
higher. Analysis gave 83*76 per cent. C, 11*47 H. and 4*77 0. By treating the samo 
distillate with sodium, a brown resin w:i8 separated ; and the oil decanted therefrom, 
and again rectified, gave 88*67 per cent, C and 11*6 II, = 0*11**. 

BBATZOlcA OXVZOZXfAXiZS. According to Walz (.Tahresb. pr. Pharm. xxi. 1 ; 
N. Jahresb. Pharm. z. 65), this plant contains gratiolin (discovered by Marchand 
[J. Chim. ni6d. 1846, p. 357]), gratiosolin, gratioloin, several resins, tannic acid, and 
ontirrhinic acid. 

Gratiolin is a veiy brittle substance, insoluble in other, slightly soluble in water, 
easily in alcohol, from which it separates in warty masses. It melts in boiling water. 
It dissolves in hydrocUoric and in nitric acid, and with purple colour in sulphuric 
acid, the colour being dwtroyed by water. Potash and ammonia colour it green with- 
out dissolving it, but the colour is not permanent. The aqueous solution of gratiolin 
is precipitate by tannic acid. (Marclia iid.) 

According to Walz, gratiolin is a glucosido, haring the composition and 

being resolved by boiling with dilute sulphuric acid into gratioletin, C‘W"0‘, a 
crystallisable Substance, insoluble in water and in other, gratiulerotin, 
a resinous substance, insoluble in water, but soluble in ether, and glucose (p. 369). 

Gratiosolin^ is another glucosido contained in the same plant, and is 

easily resolved by acids, alkalis (and oven oxidot^f lead), into glucose and gratio so- 
le tin, a substance soluble in water, and precipita^ by tannid acid; and 

gratiosoletin is further resolved by boiling with dilute acids into ^Ucose, and a tesinuus 
mixture of gratiosolcrotin, 0**IP*0*, soluble in ether, ond hydro-gratioso- 
lerotin, C**H*^'*, insoluble ill ether (p. 869). (Walz.) 

QBAmbZTS. See Tbctizitk. 

BBAITWACBB or Greyu'ackt\ is a rock composed of pieces of quartz, flinty 
slate, felspar, and clay-slate, cemented by a clay-slate basis. These pieces vary in size 
from a hen's egg to little grains. When the texture becomes exceedingly fine-grained 
the rock constitutes greywacke-slate. Its colour is usually ash or sm^e-grey, without 
the yellowishrgrey or greenish tingo frequent in primitive slate. It has not the con- 
tinuo^ lustre of primitive slate, but glimmers from inteiBpera^ fibaleil of imca. It 
contains quartz veins, but no beds of quartz. Petrifactions ai^ (bund in it 

The tenil grauwacke formation is applied to a group of rocks between the 
carboniferous strata and the primitive rocks, the true grauwicke being only an indi- 
vidual member of this group. . 

aiBAVZTTi SBBOXno. See Spxanc GnaviTT, 

B BBBB KBlBt An infiaipmablo compound, supposed by some tb haVe been 
composed of asphaltum *with utre and sulphur, by others to have had' M 
aime composition as guni^wdeiC 



Composition per cent, of the Ash of brasses. 


GRASSES. 


•Muvmni CO ^ 

iipio*«iaooi ^ 

n| anqding *h co 


OO 00 t>-»0 00 iC 

ep ^ ^ o ^ ^ 

09 :, 09 ^ m ^ 1 ^ 


*a 9 a« 9 «qnt 09 *-^ 0900»-'03 00 ^ ^ O»|^‘^woc 0 '« 9 *wo>oot-« 0 'H 

jCjP to 'tld C000097<C9<C«« VO *^««^^ooo>cofi»-«0>^oi 

OOlum-V «bi;->o«>»b«a«»o »b 


‘oauKiflqnff 
qsoJi JO -fid 

001 ui M«V 


•»l<»Ot-<’^i>-i<OQOa> f-i OCOMSOiCi^OOCD'^COCOO OOH* 

^»f 3 OM 0 ' 7 «<p^*O « OOif^H^ipOO^CNiCtTiiO-i 

^ •^•^ 09 »^O^W 01 ^QDUi?b ^<N 


•uinipos 
JO api 40 |i |3 


OOOiOOOSOii— ICO CO ooos^-i-oscoocoooeooo 
0 > 0 ) 000)^^0 A ^ 0 ^^ 00 ^ 00 ) 00030 ) 
^0300030030 O 030303030000300030 
0303000)030303 03 030303003000)000)03 

^ I— I r-t i-l ,-1 

O .CO^SOOi-f ,0 CO (MCO»0.-4»0-H .-^CDl^OOCI 

O cpe> 9 w» 7 < p ppo-ii-Hpp oico-MtocD 


‘ianiistt)oj 
JO apfiomo 


eoo*0 .eo .Oco h- t^*-iO ,r^»ooo 
ppp p ^ ^ ^ 9 * K" 

^O-tH .o ^ cbweb .Ot^OO 


. C> ‘O I 

^ o 


*.>P!jp.(qit« 

d]JOi((lioqj 


OCO«OOt^Ol'-00 


i>*<Msctr'»i-<(Mcco»t*'*^«e '3 0 
00 »'- 0 * 7 ^ 0 * 7 <C' 3 pppp 
^oocboooo^cbotbi'* 


•-I CO 

CO p P I 

O ‘b -it* 1 


*apupfqu« 

0 |'uoqj «3 


«op|Jpii|a« 

9 |i»qdins 


.03 09 i-H i-l O 



C0‘0000c0^i-«l*0 00 co«— icoococoooeooow*^ *♦••-•00 

^ pp.^i^pppp^'T'Pp N»Hp 

MojcbuaoOMOcb *fi «oot'»«i-«cboii^*i-'«oooo o^co 

^wcocococc-'i^'e^ co (Ne<i«M-«^**-ic<'COcoiO'OCO wo <o tO 


O3<0t'«0<0<-^0<N CO UOf-iO*OOOCOI'»CCO>OJ^;2 iSSSiS 

W*Hpp^p^p 03 p<pp 

cb^O^MO'cHWW n cb'^‘bwO'i#<^^*cf*C9»M<N co^o 

aqi^MOCOODOOO) eo QC.— ii-^COr^QOOI^CDQOOp 

S^i>»’^c9e9*-<*o e-i i^«(^oi»p(NCNNpt^ww 

iH o 6 ^ o o 6 6 b b b © b b b b p o o (N .m © o 

eoooi>it^ 00 co 03 i>- 

Sw^H 003 CO'^C 9 ^ ^ T "T 

<?9^ebeb4t*<NiNC3 b C9bbl<03O3'NC0T*'N<M<N«O iNC9CO 


»-i 0090000 '«*<©C 9 

C 903 r-ocop» 7 ^p 


r-lrH-^-MOCOO-H^^WOOOO 

COCC‘COaO«D<pcp<^00><N9> 


CM w w ^ ^ w ^ ^ ^ , • * • • • ^ 

bb^i^bbb'O 00 ogooco^*ooo^woo«c ?3 



§-?sgsgss s ?ssss??i||?| 
^ sssas g ssi:s 5 sgss££l 


^ JO So CO S cc « C!l ^ CO CO 


® .s a a 

a 29 J i 


nil 


' Sfll 'a 

■*s ^ E ^ 


I Jsll 

o ^ J 3 « t ? 


■ ’ ' C I 

• •S.a^ i.i S’ 

, S ^ C 1 =^ £,J . 


i I p-a“1.§ S ll-g ^aw’^'lll 

«« 9 i: 9 -^*a«p-«§s-ca 2 o. 3 ® 2 i 
i I l-ftis.i i § I S 3 |. 2 ^ « §J 

S'ri o »* 


lifii'lss 


UI 


ni 






■ -i • ■ .t . . ! ' ■' -A'-.' ■■■ ■ 

GKEfiN-EARTH^C^EEK PIGMENm 



Groon-eay& appears to haTc been produced from afugltc by tho action of alkaline 
carbonates ifli^ution, tbo change insisting in the removal of lime and magnesia, 
and the enbs^tution of alldilia in tl^|^^lace. It consists cliieily of ferrous silicate, as 
will be seen from the preceding andy^^s : a, b, from Iceland (Waltershanscn) ; c, from 
Mount Baldo (Dclesse) ; d, neighbourhood of Verona (Jameson); /, from 

Fassa in the Tyrol. (RammlBfe&g.) 

It is a frequent mineral in tho amygdaloid of Scotland, England, Ireland, Iceland, 
and the Faroe Islands. It opg^TB also in Saxony, tho Tyrol, Hungary, and near 
•Verona. (Dana, ii. 165; Birchof’s Chemical Gedogy, ii. 130, 328.) 

mitSSlI XROSr OBS. Kative ferric phosphate. (See Iron.) 

OMBH BSAB dBtS. Arsenio*phosphato of lead with chloride of lead. (See 
Lbat>.) 

OBlIBXr VIOMESTTS. Brmcn green is either a basic carbonate of copper, 
obtained by procipittiting sulphate of copper with a mixture of carbonate of soaiuni 
and caustic soda or |K)ta8h, or a hydrated oxide preptircd by precipitating with caustic 
alkali alone.— an prepared by exposing copper 

foU hydcoeluoric acid or sal-ammoniac, and 
oxhau^tiD|^^fev^^ii^ with water (i. 70). — Chrome green is either iinhydrons chromic 
oxidc^^bl^ a Prussian-blue (i. 934, 948). — Cobalt^grcen, 

oj fi feixtnre, or perhaps a compound, of tho oxides of ziiic and 

eoiklt iii W$7^^Cry$ is neutral acetate of copper (i. 14). — Emerald- 

green pt V^t pmnetier is liydrated chromic oxide (i, 950). — English-green (Fert 
anglais) is a 'liikforo of arsenito of copper with various white substances, such us 
fiuiphato of barium or calcium. — Iris green^ a colour fomerly used in miniature paint- 
ing, was prepared by macerating in cold solution of alum or giira-wutor the satiny 
epidermis of the petals of the iris, filtering the liquid through a fine calico, and leaving 
it to evaporate on plates in a shady ylsoi^^Mineral green. This terra is now gene- 
rally applied to Schcelo’s green, but it Originally denoted a mixture of 2 pts. Scheelc’s 
green with 6 pts. white lead, 2 pts. black oxide of copper, 3 pts. malachite, and J pt. 
acetate of lead. This mixture has au apple-green colour, with bluish reflex.— y 
green {Vert en grains). is a veiy fine green pigment, containing chromic acid, sulphuric 
acid, cyanogen, potassium, iron, and lead. Its preparation is kept secret, but it may 
be imitated by mixing the solutions of fcrrocyanido of potas.sium, protosulphate of 
iron, acetate of lead, and bichromate of potash. A precipitate is thus obtained of a 
very fine green colour, biit not so durable as that prepared by the inventor’s process. 
^8ap green ( Vert de vessie, vert vkgktal) is the juice of buckthorn berries combined 
with lime or alumina. — Mittis^ Vienna, or Kirchoerger^s green is an arsenate of copper 
* 2Cu*0.As*0*, prepared by precipitating sulphate of copper with arsenate of potas- 
? sium. — Mountain green is green carbonate of copper, either native or prepared by 
precipitation (i. 783). — Prussian green is ferrocyanide of cobalt; it has a very rich 
green colour when recently prepared, but quickly turns rod-grey on exposuro to the 
air: hence it is but rarely uscSL-^&Aoj/c’a green is anenite m copper (i. 876).-j‘ 
^hweipfwrt green is aceto^arsenite of copper (i, 15, S 70 ).-->-Veron€ 8 efirem (Vert de 
Paul Veronise), An arsenate of copper prepared in this country and in Alsiice by a 
process which is kept secret— This term is applmd t> cobalt or Bim 
mann’s green, and to a cyanic of zinc and iron obtained by xnaccratii^ finely ponndw 
Prussian blue in a strong of chloride of zinc., A fine colour js thus obtaiii^ 

but like, all other coburs.&m^ from cyanides, it is not perm^^nt (Sec 
Cbuleurs, pax J. Leferty^aris, 1655 ; ali> Brds Z?ictionary of Arts, L 80^'^ 
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ftotosidphatoofirOB. (SeeS}n^i,9.y_ 
ttinm. (See CAMrortt) 


vxnuoa. 

oBsanAifsima. 

0jUBBirOOVIT9> l^fttiTeaulfi 

ORaUWOVXTB. Syn. _ , 

OMBJraJiJBrD. This 
the chalk and the Wedden dei^ta, but iajWetlv ai^lolHelay to iStokini^r 
portiona of ftem. mark^ by the presenoer-^jB^ute' fraiiht of ailicateof iron 
(the glauconite of American mineralogiat^; q|e upper portion Of the aeries contains 
a calcareous sand, very nch in soluble sUiea^-and forming an excellent affricultuml 
soil. (See Glatjconitb ; also Urc'a Dictionary of ArUy ^c. ii. 402.) ” 

OSBlUrBTOiril or Diabase is a rock composed of augite with labradorite and 
oligoclase. The term greenstone is also applied to cert-ain varieties of trap, consistina 
of dark and heavy blackish-green or brownish rock composed of felspar and horn- 
blende, usually having a crystalline structure, but sometimes compact When albite 
(soda-felspar) replaces .orthodase (potash-felspar), the rock is called diorite. (Dana. 
il 162, 247.) ^ ^ 


ORSBrABZar. Syn. with Granatin. 

OBSXVATZXB. Syn. with Staurotide. 

OBBiroaBZTB. A silicate from Grengesb€yj|in Daleearlia, containing, accord- 
ing to Hisinger^s analysis, 27*01 per cent, silica, 14^1 alumina, 2T8 manganous oxide, 
26 03 ferrous oxide, 14*21 magnesia, and 12*53 watpg^; It is allied to delessite. 
Colour dark-green. (Dana, ii. 206.) 


OBBT AXrTZnfOlflrT. Native trisulphide of antimony (i. 329). 

OUST GOPPSB. Syn. with Tetrahrdritb. # 

ORBTWACaClI. Syn. with Grauwacicb (p. 941). 

ORBT BTB. See Dtbino (p. 369) ; also Ur^s Dictionary cf Arts, ^c.^ii. 403). 

OROPPZTB* A silicate found in the limestone of Gropptorp, in Sweden. It is 
crystalline, with one distinct cleavage, affording a broad cleavage-surface, and two 
others less distinct. Hardness « 2*5. Specific gravity «> 2*73. Thin splinters trans- 
lucent, Colour rose-red to brownish-red. Streak paler. Fracture spKnteiy. Accord- 
ing to Svanberg’s analysis (Ofversigt af. KongL Vetenskaps Ak^. Fdrhandlingar, 
iii. 14) it contains: > 

SIO* A1*0» Fe«0» CaO MgO 1C*0 NiW HfO 

45*01 22*56 3*06 4*56 18*28 5-23 0*22 't-7’11 


together with 0*18 of undissolved matter (total 100*13), whence Svanbeig deduces the 
formula 3Jlf0.2A^*0*.34»(0» + ZHO or 6M'0.4AP0’.9Si0* + 6H’'0, which by subr 
stituting «/• for Al* may be reduced to 2M*O.4ff^'0.3Si0* + 2H*0, or (including 
Mand al under the general symbol K), to R‘*Si«0« + 2H''‘0 or R^SiO* + |H*0, which 
is the formula of an orthosilicate. 


OROROZXiZTS. A variety of Wad or Earthy Manganese, found at Groroi, in 
Mayenne ; also at Vicdessos and Cautern, in France. (See Manoanbse.) 

GROBBVXhASt or Grossulara . — A variety'of lime-garnet. (See Garnet, p. 772.) 

ORWATFXTX or Nickel-bismuth glance . — Native sulphide of nickel and bismuth, 
found at Grunau, near.Sayn Altenkircnen, with quartz and copper pyrites. 

ORTOBRZrmi A nearly pure iron augite, FeSiO*. A specimen from Collo- 
brferes, analysed by Grtiner (Compt. rend. xxiv. 794), yielded 43*9 SiO* 52*2 FeO, 
1*1 MgO, 0*5 CaO. and 1-9 Al*0* = 99*6. 

OVACZSTa A bitter substance extracted from Guaco, the leaves and stem^f the 
Mikania Chiaeo, a plant nearly allied to the genus Eupatonum, growing in Mexico 
and South America, whence it has been imported into Europe and used as a remedy 
against cholera. Guacin is obtained, according to Fettenkofer, by exhausting guaco . 
with alcohol, decolorising with animal charcoal, distilling off the alcohol, dissolving the 
residue in eth^. and leaving the solution to evaporate. ^ It then remains as a light 
brown resinous mass, perfectly soluble in alcohol, partially in w^cr, 
hitter taste and emetic action, and emitting an intoxicating odour when tnturatea witn 
sulphuric acid. (Handw. d. Chem. iii. 714.) 


OITAZAO. See Guataouv. , , , . . 

OVAXAOnra. C»H«0. Gaiacene. Gvajol--rhe light oil 
distillation of guaiae resin. It is colourlesa and has an 2 92 

bitter almonds: Spedfio gravity 0*874. BoiHiig point 118® C. ^ 

^en exposed to^wTair it oxi^ses, and is conver^ into beauty vS^^aiiBSc ootasH 
(DevillCCtopt reni xrii, 1143; xix. 134). It is not 

n<du,tl6i^r by an atooholio solution of ses|uichloride of iron (if it contains gu 1, 





^ITAlACOXi^ 

According 


i^tes.of alkali-metals. 

, ... ^ i» the fomef^^ai!^:|^ pjodio^^^ 

^ co^ might h» wgiMr^ as t^e aldefi^' ^ angelic acid 

into that fusiSi ^th hytolse of potassimiL 

:^^m, Ai^, (nu -r ^ uio. 

^jrAtAOto Aoiib^ See OtriuioiTXo Acn>. 

OVAUOOiik Hydride of Guaiodyl, Owdacylous add. Pyrogmiadc acid 
(Gm; ^ S^, — Gerh. iii. TSO.-^Hlaaiwetz, Ann. Ch. Pharm. cvi. 361.)— Produced* 
tether ^th guaiacene and pyreguaiaein, by the dry distillation of miaiac resin. 
Vth^ the crude oil obtained by this distillation is washed with water and rectified at 
am^erate heat^|maiacene passes over first, and afterwards, when the heat is increased, 
the guaiacol distils. It may be purified by repeated rectification, or, according to 
Voliiel, by dissolving it in potash, boiling it with water as long as any light oil passes 
over, then mixing it with a quantity of sulphuric acid not quite sufficient to combine 
with the whole of the potash, redissolving the separated oil in potash, boiling the solu- 
tion in a retort, till the milky oil which passes over becomes perfoctly clear on the 
addition of a small quantity of potash, again separating the oil by sulpnuric acid, and 
. diKpg in Vacuo over sulphuric acid. 

4^%tiaiacol is a colourless oil, lia.vihg a specific gravity of 1*119 at 22® C. (Sohrero); 
l*l25 at 16^ (V olckel). It has a peculiar faint odour, somewhat like that of creosote, 
and a pungent peppery taste ]j|kc cloved It boils at 210^ C. (Sobrero), at 206® 
(Volckel). It does not redden litmus' It bums with a white smoky flame. Nitric 
add, oven when very dilute, at^cks it violently at ordinary temperatures, forming 
oxalic acid and a brown resin« With chlorine and hromine it forms crystallisable sub- 
stitution-products. It does not yield an acid when treated with oxide of silver, differ- 
in that respect the homologous compound furfurol (p. 750), which yields 
■.pyromucic acid when^tis treated. (Schwanert, Ann. Ch. Pharm. cxvi. 267.) 

Guaiacol is aolubloW and sparingly soluble in water. The alcoholic solution 

reduces ikt salts of ahd'Si^ver to the metallic state, and ferric and cujmc salts to 


pus salts. 

vea in potash, and combines also with other bases, forming crystallis- 
able salts, lihich tuni: black when exposed to air and moisture. It does not decompose 
ca®bona^^:-f^,, , . . 

ha composition of guaiacol various statements have been given. 
“ lilies an^yses, it contains 68 -9 per cent, carbon, 6*4 hydrogen, and 
tiding to, Sobrero, 68*7 per cent. C, 6 8 H, and 26’4 0, whence 
] the formula and Sobrero, Pelletier and Deville 

i ihore probable formula, C’H*0*, or C'*H*0* (calculation, 67*74 per 
and 26*81 O), which likewise agrees nearly with the vapour-density as 
determined ^^ ttgse chemists (exp. 4*49 ; calc, for 2 volumes, 4*30). 

According tO^S^iwetz, guaiacol, obtained as above, is not a definite com^und, but 
a mixturis^n variable proportions of the two homologous compounds, and 

By agitating the purified oil with stro^ ammonia, or passing ammonia-gas 
into ij^ preiwing the resulting crystalline mass, dissolving it in warm ether, and twat- 
ing the solution in an air-tight vessel with strong alcohoHc potash, Hlasiwetz obtained 
a white crystalline mass, consisting essentially of C‘*H**KOS or C*H*KO*, according 
to the quantity of potash used. The latter salt was likewise obtained by rewatedly 
agitating the oil with moderately strong aqueous ammonia, waBhihg^the^ou which 
separated from the watery liquid, repeatedly rectifying it, dissolving it in an equri 
volume of other, and treating the solution with a slight excess of very s^ng alcoholic 
potash. On decomposing the resulting potassium-^t with oxalic or dilute sulpb^e 
acid, a colourless oil was obtained, having an agreeable odour, and varying in boilmg 
point from 203® to 230® C. The portion which distilled between 206^ to 210® had a 
specific gravity ■■ 1*117 at 13®, and exhibited nearly the composition 0^*0*; between 
216® and 218®, a distillate was ^dbtained of specific gravity 1*110 and composition 
; and between 219® and 220®, a distillate of specific gravity l'O80 and com- 
position 0*H*®0*. 

iVwi a05® to 2100. IVom 216® to 212®. Firom 219® to 2t0*. 

Calc. Exp. Calc. Exp. Calc W. 

C» . 67*74 . 67*96 C« . 68*70 . 68*61 C* • 69*56 . 69*83 

H* . 6*46 . 6*93 H>* . 6*87 . 6*93 H** • Mi • 

0» . 26*81 . 26*12 O* . 24*43 . 24*46 OV • 23*^ • 

100*00 i00*0(f 100*00 100*00 10^^ 196*00 

The formula % ecfamdy intern^ 

CWS**0*). The proportions in wmeh these two ewpotijadft : (irhkli 
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inUi 

guaiMoii* 

aujktAippmKi 


atJAIACUl*,, ■ ' 
nature of tkilesin 

IS likewise contained in wood-tar Cfeowlii^ 

Cli^^Tit^«^te8 7036 

jnother-liqnor obtained u the prepamtton of guaiaretic acid (n^SiS) To seoamta it 
the moth^hqnor 18 erapopat^to d^ynese, the residn# tmS with boiling'l^hiL 
Aealcohohe wlution evaiporat^ and the remaining britUe msaa treated with ethw' 
(m which It 18 only partly aoluble). The ethereal solution when evaporated vielS 
guaiBComo acid, aa an nncrystallisable mass, melting at 100° C., insoluble in water 
possessing lawo-rotatory power, precipitable from its alcohoUc solution by barium- and 
lead-salts. The lead-prempitote contains There is also another lead- 

salt containing a la^er proportion of lead. 

Guaiaconic acid is instantly turned bine by oxidising agents. (Hadelich.) 
OVAXACP* ^«oc. Quajaharz. Bezina gmjoH nativa. (Handw. 4 Chem 
ni. 718.— Gerh. lu. 778.— Hlasiwetz, Ann. Ch. Pharm. cvi. 361 ; cxii. 182 i-k resin- 
ous substance obtained from the Guajacum officinale., a tree growing in Jamaica. 
St Domingo, and others of the West Indian Islands. It exudes spontanrously or frm 
incisions made m the stem {Guaiacum in granU\ and is likewise obtained by moltirui 
it out from the more resinous parts of tho tree (G». in maasis) -, the latter is immift 
containing chips of wood and bark. ^ 

Guaiacum has a yellowish or reddish brown colour, and is transparent in small lumps, 
but is generally covered with a greenish-grey powder, which renders it opaque. It is 
hard and brittle, with a vitreous fracture ; specific gravity * 1 *206 to 1 *226. Its powder 
is white, but soon turns green when exposed to the air. Its taste is faint at first, but 
soon becomes acrid and produces a burning sensation in the throat It has scarcely 
any odour when cold, but when heated gives off a peculiar aromatic odour, something 
like that of gum benzoin ; it melts easily, and at a highefr temperature gives off a 
vapour which strongly irritates the lungs. 

Alcohol dissolves about the ream of guaiacum, and tB^ solution is precipitated 
by water. Ether and oil of turpentine likewise dissolve it, but leave a more considerable 
residue. In pure water it is nearly insoluble ; but when its alcoholic ^lution isjpourod 
into a considerable quantity of cold water, the resin separates in white fl^es, leaving 
a colourless Hqnid which possesses in a high degree the aromatic odour of the resin. 
It is immediately coloured deep yellow by a few drops of 'amnioni%>aud is again 
rendered colbtiriess by acids. v 

Giuuaoum dissolves in potash and in strong sulphuric acid ^1^ laiw solutii^ 
has a splen^d^red colour, and yields a violet precipitate with wat^iS^^qhol 
colours the liquid violet-blue, and in larger quantity imparts to it a dirty pliitth-g^n 
tint (Schiff, Ann. Ch. Pharm. cxi. 372). According to Kossmanp (J. p]mr||t [ii] 
xxxviii. 81 ; IMp. Ohim. pure, 1863, p. 391), it is resolved by sulphuric ^d into slii^ 
and a ^sinous body called guaiartiin, - 

Guaiacum is distinguished by the facility with which it oxidises’lnd the changes of 
colour thereby produced. Both the powder and the alcoholic solution turn green when 
exposed to the air, the change taking place most quickly, according to Wollaston, 
under the influence of the violet rays of the sp^trum, wlieroas the red rays restore the 
yellow colour. Nitrous acid colours guaiacum blue, and this reaction may be used to 
detect the presence of a small quantity of nitric acid in sulphuric acid. If the concen- 
trated acid to be tested be heated in a test-tube with a small quantity of iron filings, 
and^ the vapour passed into tincture of guaiacum, a blue colour will be produced if 
nitric acid is present, but if the sulphuric acid is pure, no change of colour will take 
place (Schif]^, Guaiacum is coloured green by fuming nitric add^ and on adding to 
the liquid a moderate quantity of water, a green precipitate is formed, while the liquid 
becomes colourless i a Jhiiger quantity of water colours tho precipitate blue and tho 
solution brown. 

The alcoholic solution of guaiacum is precipitated green by sulphuric add and blue 
by chlorine. Iodine added to the alcoholic tincture of guaiacum pr^uces either a 
greenish colour or none at all ; but the liquid turns blue on addition of water. The 
production of this blue colour is prevented if an acid be previously added ; but neutral 
salts do not prevent it. Tincture of guaiacum is coloured blue by sesquichloride of w'W, 
and on adding to the liquid a solution of hyposulphite of sodiu/my a very fine vioIct 
colour is at first produeecL but this soon disappears and leaves a colomless hquid. A 
solution of svlphurom aoid which has been digested with zinc, immediately decolori^ 
tmeture of guaiacum turned blue by ferric chloride, without at ™ 

▼lolet eolonx! Unalteved sulphuious acid also decolonses the liquid, hut much more 
slowly. (Qchiff.y - , , j 

A^ng to Ure’s wslysis, gnalacum contains 67-9 per cent. 

“d «^n. fimndi in * very pure specimen, 71 0 per cent. C, 7 03 








67 0,m 


^ IK^: and 28*97 O ; Joli Baton, wbo analysed the | 
obtained 79*8^ to 70*66 per cent C, 6*80 to 6*87 ![■ 1 

G^acum is not^ bowerer, a definite componnd* - to Unverdorben 

(Ann. Oh. Pharm. xvi. 869), it is separated by ammonia into two resinous principles, 
one of which is rery Soluble in aqueous ammonia, while the other foi^ with that 
aihali a tarry compound, which requires 6,000 parts of water to dissolve it. According 
to Pelletier, ammonia dissolves ^ of guaiac resin. According to Hlasiwetz also, 
ti colonrless crystalline resin, guaxaretic acid (see below^, amounting to a large 
ptc^l^i^n of the whole, may be obtained by treating guaiacum with alkalis, and 
decQ^i^ng lihn resulting salt with hydrochlonc acid. 

(J. pr. Chem. Ixzxvii. 321), guaiaretic acid constitutes only 
nboiit^^ of guaiac resin, and the mother-liquors from whicbit has separated yield 
per cent, of an uncrystallisable acid (^laconic acid, p. 947) soluble in ether, 
distin^shed as i9-resin, insolume in ether, but soluble in alkalis, and 
“ »il by acids. The composition of guaiacum, according to Hadelieh’s analysis, 


Guaiaretic acid (ciyatallisahle) 
Guaiaoonic acid (unciystallta 
jB-resin, C'^Hwp* or 
Gum. 

Woody matter . « ^ • 

Fixed .constituenteflj 



10*60 
70*36 
9*76 
3*70 
2-67 
0*79 . 

2-33 
100*00 

^ crystallises in small quadratic oetahe- 
obtained by boiling guaiac resin with 
milk of lime.^ It is ^alis, and precipitated by baaic acetate of 

lead; solubU ui^ M ^ sparingly in water and benzene. The 

colour is deedra^ by alkal& The colouring matter is not altered by acids. Strong 
sulphuric adraffljp^lves'it with deep blue colour, which however soon disappears. 
(B ad eli eb.)^^ ^ ; 

^ . Guaiacum subjected to diy distillation yields guaiacene, gmiacol, md. pgroguaiacin, 
>|pB^^^tifying tbe crude distillate, the guaiacene passes over below 120^ 0., theguaiacol 
; ^ temperatures, and the pyroguaiacin is found among the last portions of the 

; Guaiaretic acid subjected to dry distillation yields a mixture of pyroguaiacin and 
gBinaool. 

V!^rofnalaolii is a crystalline subst^ce, insoluble in water, easily soluble in 
alcohol. From the latter solution, it separates in iridescent lamince, generally having 
a reddish colour. It melts at 183® C., and solidifies in the ciystalline state. When 
strongly heated, it volatilises and forms a crystalline sublimate like benzoic aciA 
With nitric and chromic acids it fohns a purple-red solution. Its alcoholic solution is 
Coloured green by sesquichloride of iron. (Pelletier and Beville, Compt. rend, 
xvii. 1143; Ebermaier, J. pr. Ohem.v^^^ 291; Nachbauer, Ann. Gh. Pharm. 
cvi. 882.) With strong stdphuric aeidf it fdrins a yellow solution, which, when wanneA 
becomes reddish at then green, and ultimately dark blue j water added to it 
throws down a dark blue powder, and renders the supernatant liquid colourless. If a 
small quantity of peroxide of manganese be addeA the blue colouring is poduceA 
wi^out the aid of heat An alcoholic solution of pyroguaiacin heated with chlorine 
acquires a diiigy red colour ; with/errio chloride a green colour, 

Ppoguaiacin dissolves in hot potaeh^ and eodaJey^ and the solutipna on cooling, 
yield capillaiy crystals or iridescent laminsc, which, wlien diy, contain 
and respctively. The solutions of these salts form with nitrate 

of st/tw* a precipitate which soon turns black. (Hlasiwets.) 


OVAZABBTXO AOnk G^H^t^This acid is the crystallisable constituent 
of guaiacum, and amounts, according to fijasiwetz, to ^ of the entire resin. Thierrv 
(J. Pham, xxvii. 381), by treating me concentrate alcoholic extract of guaiacum with 
baryta-water, precipitating the baryta with sulphuric aciA concentrating the filtrate 
to a syrop, dis^lving in ether, and leaving the ether to evaporate, obtain^ crystalline 
warty mas^ which were converted by sublimation into b^ntifhl needles resembling 
cfnnamio or bensoie acid, and ve^ soluble in water, alcohol, and ether. The arid 
obtaineA called by Thierry guaiacic acid, was found by Devilfo to haVe the comp<> 
rition By dry distiliatLon, it was resolved into carbonio axihydiide end 

Hlasiwets (Ann. (% Pham, cxii tor treSfting the^ 



.V resulting potassium-salt ^wth hydiocMorio 
g^d»^bt^ed a cveBSX^mga^*^ which crystallised from alcohol in needHes of scaly 
hating a pMri||MW6 and a feint but agreeable odour of vanilla. This pro- 
duct witf regarded biJ^Mwete as probably identical with Thierry’s guaiadc acid. 

A more complete rapsti^tion of this crystalline acid by Hlasiwetz and Gilm 
(Ann. Clu Pharm. cm. 26^J^b. f. Chem. 1861, p. 685) has shown, however, that 
it has the composition C H”0*. Hence Hlasiwetz now regards it as distinct from 
Thierry’s acid, and designates it as guaiaretic acid. 

To prepare guaiaretic acid, Hlasiwetz and Gilm boil pulverised guaiac resin with 
milk of lime for half an hour, and eadiaust the dried insoluble residue in a percolator with 
hot alcohol; eimporate the alcoholic solution, and dissolvothe residue in warm seii-ley 
of specific gravity 1*3 ; the sodium-salt, which separates on cooling, by recryataUi 
sation from upiter containing soda ; decompose it witii hydrochloric acid ; and purify the 
guaiaretic acid thus separated by reciystallisation from strong acetic acid. 

Guaiaretic acid forms brittle, concentrically-grouped needles, which are opldurless 
and inodorous, permanent in the air, and melt between 75° and 80° C. It ^l^ves 
in alcohol, ether, warm acetic acid, sulphide of carbon, and dilute potash,, but in 
ammonia, and is precipitated from the potash solution by sal-ammoniac. Its alcoholio 
solution is colourod grass-green (not blue) by sesc^uichlorido of iron ; chlorine-water 
does not colour it either green or blue ; and its aq^ueous emulsion is not coloured blue 
by filming nitric acid. Hence it appears that guaiaretic acid is not the constituent of 
guaiac resin which produces the blue colour with oxidising agents. (Hlasiwetz and 
Gilm.) 

The Bolutiona of guaiaretic acid turn the pktflrofpolarisiU^ to the left. (Hadeltch.) 

Guaiaretic acid, when quickly heated f«^ tha most part unalter^^ but by 

slower distillation, it yields a yeUow oQjf diippa^ ^hi^^ fe and 

pyroguaiacin (p. 948). ^ ' ^ ' v 

Guaiaretates. — Guaiaretic acid arid salts. The guaimbates of 

the alkali-metals are ciyatallisable ; tho^ :^ thA i4^ and heavy 

metals are amo^hous precipitates. The neutral salts sMv stable only in presence of 
excess of alkali ; when boiled with water, they are converted into imd i^ts. The 
neutral harivmy-salt^ (at 160° C.), is formed by decoirflQj(liig the neutral 

potassium-salt with chloride of barium. The neutral potaasium-aalt, C®*H**K''0* with 
2H*0 or 3H*0, according to the mode of preparation, crystallises from alcohol in 
scales and gives off its water at 100° C. The acid potassium^salt, C’-^H^KO^H^Oj 
obtained by boiling the neutral salt with dilute alcohol, or by mixing an alcohoHe 
solution of the acid with carbonate of potassium, and disBolving the precipitate in 
aqueous alcohol, , is a crystalline precipitate which gives off its water at 120° 0. The 
neutral sodium^alt, C*®H*^Na*0*.2H'‘^0, forms shining crystalline laminie, which be- 
come anhydrous at 120° C. The acid sodium-salt has the composition C“H“NaO*.H*0. 

Hadelich has obtained a lead-salt containing C^H^Pb^O*, whence he regards the 
acid as tetrabasic. 

Bromoguaiaretio acid^ C*®H**BriO^ is obtained in loosely aggregated colour- 
less needles, by dropping bromine into a solution of gimiaretic acid in sulphide of 
carbon till the liquid acquires a brown colour, evaporating to dryness, washing the 
residue vnth cold alcohol, and dissolving it in hot alcohol. 

A similar product is obtained with but it is diflicult to purify. Benta- 

ehloride of pnosplwrus also forms with guaiaretic acid a^tenacious resinous mass 
difficult to purify. 

GVAHmZSra. CH*N* — h® C^* {Carbotriamim), or gijN* (Cyandiamins). 

An organic base discovered and investigated by Strecker (Ann. Ch. Pharm. cxviii. 161). 
It is produced i 1. Together with parabanic acid and small quantities of xanthine, oxalurio 
acid, and urea, by the action of hypochlorous acid on guanine. When guanine is 
immersed in hydrochloric acid of specific gravity ITO, and crystals of chlorote of potas- 
sium are gradually added (12 grms. of the chlorate to 20 grms. of guanme in 2 ot 3 
days) till the base is gradually dissolved, with evolution of the solution then 
evaporated over the water-bath, and the pasty residue treated with ® 

solution is obtained, containing hydrothlorate of guanidine, together with the ow 
products above-mentioned. The parabanic acid crystallises out fiwt; and 
the mother-liquor with water, warming it with carbonate of ? j 

neutral solutmn with absolute alcohol, filtering ftom the 
oxalurate of barium, xanthine-bai^ and cUoride of dissolves! 

wd treating the residue With abilute alcohol, 
and after removal of the alcohol, may be converted into sulphate 

wil^hafce of rilver, Tha excess of silvw-salt is then U?mixed witJ 

•^uivafent quantity of chloride of barium; the concentrated filtrate is mixea wiw 



MD 


QUAKI% 


anidine, C*H»*N-0* 


fJbohoi, which iKxm throir« down 
seBudoing in eolation), and fh>m this salt tha bMC ma^ 
the snlphttric acid with baiyta-water, and eya|Mratmg in va 

2. By heating hinret (i. 600) to 160^ — 170^ C. in diy hyd^li^oric add gM ; also, 
in email qnantitY, by boiling that componnd with the strong aqueous add : G^H^N'O* 
» OH»N» + CO* (Finckh, Ann. Ch. Pharm. exxiv. 836.) 

Gkumidine thus obtained is a ciystalline, strongly alkaline mas^ having a caustic 
taste. When exposed to tibe air, it deliquesces and absorbs carbonic acid. It unites 
with adds, forming crystalline salts. 

((^HW)*|^*» obtained by evaporating the 

colttlA^ of the base in an open vessel, or bv decomposing the sulphate with oarbonate 
of barium, crystallises in quadratic octahedrons, or in quadratic prisms with the fkces 
oeP, oP, ooPoo and P. It is very soluble in water, insoluble in alcohol, permanent in 
the air, and when heated above 125° C. gives off water, carbonic anhydnde, uid car- 
bonate of ammonium, together with a white difficultly volatile sublimate, and leaves a 
yellow residue resembUng mellone. The alkaline solution of the salt forms white 
predpitates with calcium-, barium- and silver-salts. 

; HydrocUoraU of Guanidine crystallises with difficulty in slender needles. The 
ohloroplatinatet 2(CH*N*.HCl).PtCP, crystallises from water in yellow needles or prisms. 

nitrate of Guanidine forms prismatic crystals which dissolve sparingly in cold 
water, and when heated with nitnc acid appear to be converted into nitrate of urea. 

Acid Oxalate of Giwniiftnft. lo’.H’O forms colourless 

H ) 

i water, eui^hate is also ciystallisable, easily soluble 


Bparinglv soluble in w 
iu^irater, insoluble in alcohol^ 
Ouuziidine is related in < 


ntion to several other organic bases, thus: 


ettbo- 

triahiine. 


Methjlcarb<H 
triamlne. f 


Ptphenyjcarbo- 

trUiiiltie. 




C‘» 



IN* ■ CH*.1P 

(C«H*)* 

•N* 

(c«Hn* 


H* J 


H* ^ 


Triphenylcarbo- 

triamiue. 


N» 


Trlethjrlcarbo. 

triamlne. 


C*' 

(C*H' 

H* 




mra. C»H*N*0. (Bodo Unger [1844], Ann. Ch. Pham. 4, 396.- 
Nubauer and Kerner, iMd, ci. 318. — Strecker, ibid, cviii. 141; cxviii. 161.)— 
^%rganio basic obtained from guano. It exists in all kinds of guano, aWdantly 
,#iu the Peruvian, sparingly in the African (Unger). It constitutes the essential part 
of the excrements of the garden spider, and is fbund in the green organ of the nver 
crab, and in the Bojanian organ of the pond mussel (Uoru p-f esane^ and Fr. Will, 
Ann. Ch. Pharm. lx. 117); also in the pancreas of horses (Scherer, ibid, exit 261), 
and in the scales of the bleak. (Barreswil, Compt. rend. liiL 246.) 

Pr^aration from Guano. — 1, Guano is boiled with thin milk of lime till a filtered 
sample exhibits no longer a brown but a greenish-yeUow colour ; the liquid is then 
filtered; the filtrate neutralised with hydrochloric acid; the reddish mixture of uric 
acid and guanine, which is' completely pr^ipitated after some hours, is heated with 
hydrochloric acid to extract the latt^; the filtrate cooled till the hydroohlorate of 
guanine dystaliises ont;*the crystals purified by several reexystaUisations ; and the 
guanine precipitated from the aqueous solution of this salt by The 

produc^, after washing and diying, amounts to ^ per cent, of the guano. The still 
yellowish jraono thus obtained is treated with excess of concentrated hydrochloric acid, 
with aid or heat; the liquid is decanted before the whole is dissolved; and undis- 
solved portion, already a purer salt, is collected and repeatedly treaM in the same 
manner till ammonia piecipitates white guanine from it (Unger).— 2, Guano sus- 
pended in water is jpid^ly mixed with nulk of lime ; the Uquid is heat^ to boiling 
and the brQ)|p solution is strained through u cloth filter, this treatment being repeat^ 
till the liqum becomes colourless. By this means colouring matters, amynpui*, Tolatile 
acids and other substances (including nitrate of urea and a body related to xanthine) 
are removed, while guanine and uric acid remain almost wholly undisBolved. The 
residue is now repeatedly boiled with carbonate of sodium, and wc united solutions 
are mixed with a<^tate of sodium, and then with hydrocblorio acid in su|fidient 'quaatity 
to produce a strong acid reaction. The precipitate, coosisting of gna^e an^ W 
is w^ed with moderately dilute hydrodUoric aci4 l^en boued tba 'i^ the 
Sc^ution of hydrodilorate of giunine, filter^ from the uric ari^ is ^ponMnd* 
hydrochlorate of guapine thus qbtdned still contains imc ocid, W 
goanine is precipitated ftbm the sotution % boiling with ihluta anuEfU^ ^ 
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tolv&i in hf>t pitrio ^4 to ^mpoie toe uric acid; and from toe nitrate of ffuanino 
which crystellises from ttua solution, the pure base is precipitated bv ammoniS^^ ' 

8, According to Neubauer and Kemer, pure guanine is most easily obtained by dis- 
solving the compound of guanine mth mercuric cUoride in very dilute hydrochloric 
acid, decomposing the compound with sulphydno acid gas, and precipitating toe colour- 
l^s filtrate with ainmonia. ir e 

Guanine is a white amorphous powder insoluble in water, alcohol and ether. A 
hydrate of toe base, containing 71 per cent, water, is obtained by decomposing the 
sulphate with a large quantity of water. It resembles the anhydrous base, retams its 
water at 100® C., but gives up toe whole of it at 126°. 

Guanine is decomposed by digestion with hydrochloric acid and chhratt of 
yielding guanidine and parabanic acid, together with smaller quantitiesof oxa- 
luric acid, xan thin e and urea. The formation of guanidine and parabanic acid is 
represented by toe equation : 

C*H*N*0 + H*0 + 0» - CH^N* + C»H*N*0* + CO*: 

Ouanina Guani- Parabanic 

dine. acid. 

that of xanthine, which is formed in small quantity only, by 

2C»H»N»0 + 0* « 2C»H^N<0* + H*0 + N* 

JUitroua acid converts guanine into xanthine, the transformation being explained 
by the equation just given (Strecker). 

'Permanganate of potassium^ added to a solution of guanine in caustic soda, converts 
it into oxyguanine, with formation of carbonic anhydride, oxalic acid, 

ammonia, and urea. (Kern or.) 

Guanine appears to be sometimes converted in toe animal oiganism into urea: 
when added to the food of rabbits, it increases the qu^tity of urea excreted in the 
urine, which, moreover, does not, under the same circumstances, contain either Ranine, 
uric acid, or hippuiic acid : part of the gimnine waa^ diowever, found in the solid 
excrements. (Kerner, Ann. Ch. Pharra. ciii. 249.) ^ '' 

Compounds of Guanine. — Guanine unites with acids, with alkalis and other me- 
tallic oxides, and with metallic salts and chlorides. It dissolves in the stronger acids, 
but not in formic, acetic, lactic, citric, succinic, or hippurfe acid (Neubauer and ; 
Kerner). The compounds of guanine with acids are very unstable; they are aljl de- 
composed by water, and those v^ch contain volatile acids are likewise decomposed by . 
heat. (Unger.) " 

Hydrobromate of Guanine^ 6(C*XI*N*0.HBr).7H*0 (?), ciystallises from a hot soluti<Mh 
of recently precroitated guanine in hydrobromic acid, in yellowish-white prismatia, 
needles, which effloresce below 100° C., melt at about 180°, and give off their acid at a 
stronger heat% (Kerner.) 

HydrochloraU of Guanine, C»H*N*0.HC1.H*0, is obtained in delicate needles bv 
dissolving guairine in strong boiling hydrochloric acid, and leaving toe solution to cool. 
The water of ciystallisation is eimelled at 100°, and the acid at 200°. Guanine 
absorbs hydrochioric add gas and forms a dihydrochlorate, C*H*N*0.2HC1, which 
gives off half its add at 100° or in vacuo. (Unger.) 

Monohydrochloiate of g^uanine forms crystal no compounds with the chlorides of cad- 
mium, zinc, mercury, and platinum. The cadmium-sal t, 4(C*H*N®0.HC1).6(MC1* + 9aq., 
separates on mixing the moderately-concentrated solutions of the component salts, 
in drusy aggregates of thin white laminss. The cinc'-salt, 2(C*H*N*0,HCl).ZnCl*.3H*0, 
is obtained in larffd crystals on adding* hydrochlorate of guanine to a very stroi^ 
solution of chloride of zinc. The mercury-salt, 2(C*H‘N*O.H01).Hg' C1*.H*0, is 
obtained by adding an alcoholic solution of mercuric chloride to a strong solution 
of hydrochlorafca of guanine (Neubauer and Kerner). The platinum^Mlt, 
C»H»N*O.Ha.PtCl«.2H='0, is deposited in orange-yellow crystals on mixing a boiling 
solution of the hydimhlorate with tetrachloride of platinum. (Unger.) 

6(C*H*N*0.HI).7H*0 (?), cryst^ses in toe same form m 
toe hy^biomate ; it is sparingly soluble in pure water, easily in dilute hyqnodic acid. 
When exposed to air and Ught^ it turns yellow. The mother-liquor ^olds lemon-yeUow 
concentrically-grouped la tmtiss, containing a larger quantity of iodine. (Neubauer 
and Kerner.) . , , 

NitraU of Shuiwin^ A solution of guanine and boiling 
ocKfflng capillaiy^ eiystals of toe CWNK).raW§H ^ 

of q‘H‘N‘0.2HHO« 2H«0. Severd intern^ 

nitrates appear sIm to axi^ A nitrate ofmercurosum and guamne is obtam«l on 
compound salts in crystals, which dissolve q)aniigly in 

water, and defiaaridA emittong wnite fumes when heated. (U^er.) i aIm- 

separates on mixing a soluUon of the 
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hydroohlomte with oxalate of ammoniam, ia ezratali iduch do not cite oSt anTthinff 
at 100® 0. (Unger.) V » J 

Phosphate of Qvmine separates in crystals fix>m its solution, but is difficult to obtain 
pure. 

Sulphafe of Qmnine, 2C*H*N*0.H*S0*.2H*0, obtained by diluting with water a 
solution of ^anine in strong sulphui^ acid, forms yellowish needles sometimes an 
inch lon^, which give off their water iSt 120® C. (Unger). A sulphate of silver and 
guanine is obtain^ on adding nitrate of silver to a veiy dilute solution of sulphate of 
,^gnanine, as a bulky translucent precipitate, which shrinks very much in drying, and 
a hard mass of a pale desh-colour. (Unger.) 

TwtfaU of OuaninSf 3C*H*N*0.2C*H*0*,2H*0, separates from a dilute and 
0 tr 6 n|fy ^d solution, in yellowish radiated nodules, which do not give off anything 

Compounds of Guanine with Metallic oxides and, salts, Ghianine dissolves in aqueous 
solutions of the caustic ibsed alkalis. A strong solution of caustic soda^ saturated 
with guanine, and then mixed with a lai^ quantity of alcohol, deposits the compound 
0*H*;N*0.NaH0.2H*0, in confused laminae, which effloresce in the air, and rapidly 
absorb carbonic acid. Water decomposes them, dissolving the soda and sepaiating the 
guanine (Unger). A barium-compound of guanine, C*IPBa"N*0, separates on 
cooling from a solution of guanine in baryta-water, m needle-shaped prisms, which 
become opaque when dried over oil of vitriol. 

A compound of guanine with mercuric chloride, C*H*N*O.IIg''Cl*.|H*0, is ob- 
tained as a white oystalline powder on adding a cold-saturated aqueous solution of 
mercuric chloride in slight excess to a moderately concentrated solution of hydro- 
chlorate of guanine. It dissolves readily in acids and in cyanide of potassium 
^eubauer and Kerner). A compound of guanine with nitrate of eilvKr, 
C*H*K*0.AglS’0*, is pioduce^n mixing the solutions of nitrate of silver and nitrate of 
guanine (Strecker). On adding nitrate of silver to a very dilute solution of 
" of guanine, a bulky translucent precipitate is formed, which shrinks very 
dr^ng. When decomposed by zinc, it yields silver, guanine, and sulphuric 
b no nitric acid. (Unger.) 

c^uiine. Wheid^anine ia dissolved in nitric acid of specific parity 1 d 5-1 *20 
at the boiling heat, and the solution, after boiling till it no longer gives a permanent 
precipitate with ammonia, is left to cool, or evaporated to a syrup and precipitated 
With water, golden-yellow flocks are obtained, having the composition ot nitrate of 
\i n^ro-gmnine, C*H\NO*)N*O.HNO*, the mother-liquor retaining a portion of the 
aame compound, together with oxalic acid. Ajhghtly alkaline solution of the nitro- 
compound yields orange-yellow precipitatos with acetate of lead, and a dingy yellow- 
green precipitate with acetate of copper. The silver compoimd has the formula 
2C*H\N0*)N*0.3Ag®0. (I!|pubauer and Kerner.) 

When to the warm soli^i^ of nitrate of nitroguanine, crystals of nitrite of potas- 
sium are gradually added till a brisk evolution of nitrous fames takes place, and the 
iolution is then poured into a large quantity water, lemon-yellow flocks ore 

precipitated, which appear to consist of a mixture of xanthine am nitroxanthine. 
(Strecker.) 

Oxjgnralne. C**H*W0® (?). — ^When a solution of guanine in caustic soda is 
treated with a solution of permanganate of potassium till the liquid assumes a 
reddish-yellow colour, oxyguanine is formed, toother with carbonic acid, oxalic acid, 
ammonia, and urea, and separates from the alkaline solution, on addition of hydro- 
chloric acid, as an amorphous, gelatinous, reddish-white precipitate. It is inodorous 
and tasteless, insoluble in water, alcohol, and ether, and dissolves but partially when 
heated with acids: from the nitric acid solution it separates unaltered on evaporation. 
It dissolves with iheiUty in ammonia, pota^^ soda, lime-water, and bar^water, and 
is precipitated from these solutions by carboido acid ; it i^ however, sligml^ soluble in 
the acid om^bonates of the alkali-metals. Its solubility in ammonia>distingoishes it 
from guauii||b adds. The ammoniacal solutibn forms preci- 

pitates wiflP^tato of lead and nitrate of silver, liie silver^mpound appears to 
coutain C"iDWO*.Ag;*0. (Kerner, Ann, CL Phanm ciii. 249.) 

OtrAXrxra. Syn. with Struvitb. 

UVAtfO* A substance found on many of the small islands of tbeBod^mPceaiv 
liear the coasts of Peru and Bolivia, and on the south-west dt Africa. Xt emdsts br 
the excrementitious deposit of sea-birds, and occurs in beds hO ot flO fret tldbk. .It 
fbfidi a very powerful and valuable manufe, for which puxpof^ itihld b^ 
ages in P^ and within the last twmty years enormoui basn 

imported into Kn^^d and otbei^ countries of Burops fbr i 
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oxalic, phosphoric, and car^nic acids ; also phosphates and sulphates uf earthy and 
altadine bases, together water, organic matter, clay and sand. Its composition b 
Teiy variable, and it is often adulterated. 

The following table will give some idea of the variations in the composition of 
unadulterated guano (Pelouze et Fr6my, Traite, 2“« ed. vi. 696): 

Composition of Guano. 



Arrican. 

American. | 

Combustible organic matter. 



' 

/ 



uric, oxalic, iilmic acid, &c. 

39*6 

37*01 



rll-3 

36-6 


Ammonia in the form of car- 




42*69 




bonate, urate, &c. 

9*6 

9*5 > 



131-7 

8-6 

7*6 

Fixed alkaline salts, sulphates. 







phosphates, chlorides, &c. . 

7*8 

6*6 


8*1 

6-6 

8*2 

Phosphates of calcium and 







magnesium 

17*6 

18-0 

22*39 

22-6 

20*6 

22*6 

Oxalate of calcium 

. . 

. . 

. . 

2-6 



Sand and earthy matters 


0*6 

0*81 

1*6 

1*6 

2*6 

Water 

26*0 

28-6 

27-13 

22-2 

26*0 

26-0 


100*1 

100*0 

100-00 

100-0 

99*6 

100*8 


The value of guano depends chiefly on the quantities of ammonia and phosphoric 
acid which it contains. 

For further details on the composition of guano, and for the method of estimating 
its commercial value, see Ure^s JJiciionary of Arts, Manufactures, and Mines, ii.^413 ; 
also Anderson's Agricultural Chemistry, Edinburgh, 1863, p. 204. 

OVAlfcXimat A silicotitanate of calcium, having the same compositioS|vli|:;' 
Bphene (y. v.), from Monte Somma, where it occurs, togcthcftjivith spliene, in blocks im- 
bedded in tufa, and chiefly consisting of glassy felspar and nephelin. The crystals are ’ 
dimetric (c* 0-371 2), exhibiting the faces oP,P« (with lateral edge-angle *= 40^^44'), 
2Poo , ooPoo , ooP, a)P2, ooP3. They are tabular between oP or ooPoo , and cleave, 
not very perfectly, parallel to ooPoo. Colour sulphur-yellow. Lustre adamantine. 
Ti-ansparent to translucent. Streak dull. Powder whitish-grey. Fracture irregular. 
Hardness «■ 8. Specific gravity « 3*487, The mineral melts before tlie blow-pipe, 
without much change of cedour ; floats in small pieces without al^ration, in a bend of 
phosphorus-salt or borax. Strong hydrochloric acid dissolves it part ially, leaving a 
residue of silica. It gfives by analysis 38’64 pCT cent SiO^,J33*92 liO'*, 28-011 CaO, 
with traces of ferric and manganic oxides. . , . , • i j 

Guarinite Ukewiso occurs (without sphene) in a grcyish-violot trachyte, impla^eu on 
nephelin ; rarely, together vrith sphene, in the mixture of augite and mica which is so 
frequent on Somma. (Guiscardi, Cimento, vii. 448.) 

OVATJLOAinnnB. See Enabgitb (p. 488). 

The oleaginous seeds of this plant contain 7-02 
per cent water, 43*22 oil, 19*37 albuminous substances, 13-37 ^gar, gum, &c., 14-33 
ceUulose, and 3*48 ash. « 100*08. Nitrogen * 310 per cent (Anderson, Highland 
Agr. Soc. J. new aeries, No. 69, p. 376.) 

aVM. Gamme, Gummi. Ffiamenschkim. (?"?• 
table substance which forms a thick riutinoiis liquid with water, is insoluble in alajol, 
and is convertoA by nitric acid into oxidic and mucic a<ii^. Gums g:. 

in the vegetable kxngdom, indeed more or less in all kinds of plants, 

kinds of gum aria kifown, via. gum-arabic, gum 
of tragacinth,md. gum o/oeedo first flvo, wh.A 

proper, emia epontoaeoTwlyfrom the stems and branches of trees, and ^metimw^m 
the fruit ; they are more or less soluble in water, both hot and co . 
the gtm cf Msds, also called mucilage, differs the proper, g 

soluble in wato, but merely swelling up when boiled ^ of ocacis 


!»»«» white Mid. * * 
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teid. Thifl acid, In combination with lime, magnesia, and po^h, eonititatcs, In 
ths essential part of gum-arabic. When a solution of gum is tmted with a soluble 
salt of lead, copper, di;c., a predmiate is fbrmed consisting of an arabaU of the metil 
The lead-compound contains C’E^b^O^MPO. The corresponding salts of the ullraiifl 
and earths are soluble in water, but are precipitated by alcohol 

The specific gravity of gum-arabic is 1'365. It contains 70*40 per cent arabin and 
17*60 water, the remainder consistingof saline and earthy matters, viz. acid malate 
of cfdcium, which may be extracted by hot alcohol, the chlorides of calcium and 
potassium, acetate of potassium, and traces of silica, iron, and phosphate of calcium. 

The ^ueous solution of gum-arabic, and of tbe other natural gums, so Ihr as they 
are soluble in wateiy turns the plane of polarisation of a ray of light to the left ; for 
pure arabin [a] « (B4champ). The solution turns add when exposed to 

the aif, apd, according to Fermond {BertheMs Ckm. org. il 260), is converted, 
after a long time, into a peculiar su^r, which is dextro-rotatory; according to 
Mat|imen4, on the other hand (Compt. rend, zxxix^ 914), the solution preserves its 
tevo-rotatory power unaltered for months. 

Gum-arabic left for some time in contact with dilute ^utphurip acidf is converted into 
dextrin, and on boiling, into a fermentable dextro-rotatory sugar, prol^blv identical 
with galactose, the product obtained from milk-sugar by the action of aci^ (Berthelot, 
Chiin, org, il 219). 

When strong sulphuric acid is covered with a layer of very strong solution of 
ordinary gum, the gum, after standing for some hours, is completely converted into 
metagummic acid; but gum-arabic, previously freed from lime by oxalic add, is 
not converted into metagummic acid under these circumstances (Fr6my). When 
pulverised gum-arabic is triturated with strong snlphuric acid, it becomes coloured, 
after some hours ; and on diluting with water, neutrdising with^ chalk, then filtering 
the. solution, and evaporating, sulphogummic acid remains, together with a 
peculiar gum resembling that which is produced from linen by the action of sulphuric 
acid (Br ac 0 nn 0 1), and not capable of fermenting with yeast. (Qu^r i n - Y arry.) 

0^-arabic, heat^ with moderately strong nitric add, is oxidised, with formation 
of thucie, saccharic^ oxalic and tartaric adds. With fuming nitric add, it yields sub- 
stitution-products. 

Qum, heated in sealed tubes with bromine, yields a colourl^ or yellowish liquid, 
probably C**H*0'*Br*, which, when treated with oxide of silver, oxide of lead, or 
caustic soda, is converted into isodiglycolethylenic acid, C*®H**0** ^Barthand 
Hlasiwetz, Ann. Oh. Pharm. cxxil 96). Gum-arabic in the solid state is not acted 
fipon hj chlorine, either moist or dry veiy slowly in aqueous solution, a small quan- 

tity of carbonic anhydride being,^lyi^. jGum*arabic heated with water, acid carbonate 
of i^assium, and iodine, yields (Mil ^ rend. xxi. 828.) 

Gum solution does not Gum is iibf' altered by saliva oi by the 

^ gastric juice. Left in, o W j; a^f^^ for | i^^^awarm place, it 

yields alcohol and a smOT quantity orla^o^pf^ previbuz:n<ft>rmation of 

mannitewr glycerin. (Berthelot.) ■ 

Ghim-aramc is much used in m^iciue to m syrups, and 

in numerous processes in the arts. It is addclf to ink to h^d iih ^spension the 
tannate of iron, which would otherwise separate from the water; also tp bilking for a 
similar purpose. Large quantities of it are also used for giving lus^ to crape and 
silk, for thickening colours, &c. , 

2. Gum Senegal, obtained from a species of acacia grdpl^ Senb^ (if. 

is veiy much like gum-arajbio. It occurs in commerce m, rauier lai|t^r masses, aoout 
the sizb of ^ partridge's^egg, or sometimes larapr, widit; a hollow centre. Specific 
gravity, 1*436. It contains 81*10 per ceiit arabin, 16*10 water, and 2 or 3 per cent, 
saline matters. It fbnns a somewhat stiong^^uldl^ th^ guiiira^]ijfe#na is much 
used in ealico-ptinting fbr thickening the 

3. Cherry-tree gum, whirh 'nTiidiin 
commerce in large shining reddish lomps^ 

forms a thickismcilage wi^ water, but is <wy ^ 

contains aiabin, and. the h^luble portion eontmim siraUar 

eharactw, wMcb, acc^iding to Fr4my, is a compound of metagommic 
Gheny4^ gtun coitoW#2*l per eentj^arabm, 34*9 cerasioi 13 wa|sl|p^ 1 
malfor. It fo i^vby hatfors for l- ' 

cerafia, may 

arabie by leavisg a syr«i|^ atfintm^ df ^ak imbstsiicie^^ 

(s6e above); by heating the solid gnm for s^e time to 

J J. . /*_ 1 _rL:- At. : ■JiA.m -am* 

cent 

isim 
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irith with a small quantity of Hm, it is converted into a salt of 

arahie add. In like manner, natural cerasin, and metagummate of calcium obtained 
by heating gum-arabic, are dissolved by boiling with water. Natural cerasin likewise 
dissolves more easily when boiled with water, after addition of an alkaline carbonate, and 
with separation of carbonate of calcium (Fr4my). Cerasin boiled with nitric acid of 
specific gravity 1*139 yields as much mucio acid as gum-arabic. (Gu6rin-Varry.'i 
4. Qum o/BaaaorOf which appears to be the produce of a cactus, is white or honey- 
coloured, mealy and silve^ on the surface, and in the form of somewhat flattened and 
elongated masses. It is insipid, and crackles between the teeth. In water it swells up 
to a transparent jelly, but only a small portion dissolves. The soluble portion con- 
tains arabin, amounting to about 1 per cent, of the gum ; the insoluble portion contains 
bassorin (i. 619} ; it dissolves with the aid of heat in potash and in weak acids. 

6. Gum Tragaoanth ot Adragant from the Aitragcdva verus, a tree 

growing in Armenia and the north of Persia. It is met with in contorted orvermicu- 
Lted threads, white or yellow, and opaque ; speciflc gravity 1*384. It swells tm in water 
and dissolves to about one-half. The soluble portion contains arabin ; the insoluble por- 
tion contains grains of starch, and is turned blue by tincture of iodine. It is dissolved 
almost completely by dilute sulphuric, hydrochloric and oxalic acids at a temperature of 
90® or 100® 0. The filtered liquid treated with alcohol deposits flocks of arabin, and 
a considerable quantity of glucose remains in solution. Gum tragacanth dissolves 
almost entirely in wat^ when boiled with it for some time. It contains 63 *3 per cent, 
arabin, 83*3 bassorin and starch, 11*0 water, and 2 to 3 saline matters. It is used in 
medicine and in caHoo-printing, also by shoemakers. 

6, Gum of seeds and roots^ or This substance appears to be auniver- 

gally difPdsed constituent of plants, and is especially abundant in marsh-mallow root, in 
the tubers of various species of orchis (Salef miwilage), the seeds of Plantago psyllium, 
linseed, the seeds of quinces, and or vanous species of Salvia and other Lahiata, 
in the bark and leaves of the lime and elm, and in certain algee, especially 8pharo» 
coccus crispus, of which it forms nearly the entire substance, and Fucus saccharinus. 
By steeping either of these seeds, roots, &c., in hot water, the mucilage is obtained^ in 
the form of a thick jelly, consisting of minute cells enclosing a soluble substance, and 
swollen by absorpfion - of water. On digesting it with dilute sulphuric acid at 
80® to 100® 0., it dissolves completely, and the solution contains gkcose. To obtain 
the soluble part of mucilage, hnseed is shidten up with cold acidulated water, the 
liquid fllterea and heated to coagulate albumin, then concentrated and precipitated by 
alcohol The substance thus obtained is less transparent and brittle than ordinary 
gum. It is soluble in cold water, but the solution is not so clear or so ductile as umt 
of gum. According to NHgeli and Cramer (^haipi. Centr. 1866, p. 426), it ^elm 
up when water is poured upon ih hut does imt form a true solution. It is insoluble in 
alcohol, and is Hneous solntion, or intoon, by Hncture of gM, 

The aqu 60 UB j^uti<m,^ ^ ^antago psvlhm is not alt^ M ddute 

acids, but Quhtt^totwllage ^ adds, alkalis, and many salU. Mucilage 

boiled with and, according to older auth<^faevlAej^ 

mucic acid. to N3gdi ahc^ifemer, quince-muoilage yields, mth mtnc acid, 

nothing but 05^0/^. The ash of mncO^e contains carbonate and phosphate or 
calcium, somellbnes, Also, magnesia, iron, and potash. j v 

7. Artificial gums,^, British Gum, Artificial Grni, F^jnced ^ tte 

torrofiiction twm gfBm ia forming » ^id 

Boltttion tnmi’aie nlwifli olimiMtion of » ray of light to the right, whereas the eoiu 
tions of aU natural gums^ig^ (See Dextbiw.) 

‘ Gum /ro» gpun is produce^ lather 

sieacil Balts. It is 


guihmieacid|fA|| 


5f lead (p. 


acid by 
precipit 
paration.-r 
a solution 
verts it into 
which 

tanspai^tj 

by - 




tncn carbonised) and filtration, and then 
a portion of the alkali used in fte ,>1^ 

■ 'taateleas, and easily soluble in watM, 
fclwiaiji^thedwne purposes as ordinsry gum. 

(Eeiehardt.) ^ . ■ 

Tiatn. for the organic acid (Nei»bauer*s « 
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gummic and metagummic acid (p. 954) as similar to that which exists between soluble 
pectin-substances and insoluble pectose. 

The same name is applied by Koichardt (Ann. Ch. Pharm. cxxvii. 800) to a 
crystalline acid, which he finds to be produced, together with a peculiar kind 

of gum, in the oxidation of glucose by cupric oxide in alkaline solution (p. 860), the 
reaction taking place in the manner shown by the equation : 

4C«H»*0® + 20CuO = 2C®H'®0‘® + +H*0 + 10Cu«O. 

To prepare gummic acid, cupric acetate mixed with a slight excess of alkali is heated 
to about eO'^ C. and glucose added till the reduction is complete, small portions of 
alkali being added from time to time, to replace that which has been neutralised by the 
gummic acid formed. The filtered liquid is then neutralised with acetic acid; the 
gummic acid is precipitated by sulphydric acid or chloride of barium ; and the gum 
from the filtrate by basic acetate of lead. 

Gummic acid separated from the lead-precipitate by sulphydric acid or from the 
barium precipitate by sulphuric acid, crystallises by evaporation, first at a gentle heat, 
afterwards over chloride of calcium, in rhombic prisms having a strong acid taste 
like that of citric or tartaric acid. At 100° C. it does not^ive off water, but begins to 
emit acud vapours; it turns brown at 130°, and melts with intumescence at 160°, giving 
off water in continually increasing proportion together with acid vapours. Of the 
residue left after heating the acid to 210° only a small portion is soluble in water. 

The gummates of the alkali-metals are soluble in water; tiie other salts sparingly 
soluble. To the barium- and silver-salts, Reichardt assigns the formula 
and to the lead-salt, ^l^O.C^IPO'^.HO, 


OIFM-&BSXKS> When incisions are made in the stems, branches, or roots of some 
vegetables, there exudes a milky juice, which gradually hardens in the air, and seems 
to be formed of resin and essential oil, kept in suspension by water, often loaded with 
gum and several other vegetable matters. To this soli difiod juice the name gum-resin 
is given, — an improper one, since it gives a false notion of the body it represents. All 
the gum-resins are solid, denser than water, opaque and brittle; the greater number 
have an acrid taste and a strong smell Their colour is very variable. Water dissolves 
them in part, and so does alcohol. The aqueous solution becomes transparent with 
difficulty. When water is poured into the ^oholic solution, it becomes immediately 
turbid, the resinous matter separating in a state of extreme division, and giving to 
the liquor a milky aspect The principal gum-resins are frankincense, scaminony, 
a.safoetida, aloes, cuphorbium, galbanum, myzxlv olibanum, opoponax, gum-ammoniac, 
and gamboge. U. 


GUK'-COTTOM’, See Pyboxyluc. 

OITirPOWBlSR. The invention of gunpowder, which has been ascribed by 
popular tradition, in Germany to Berthold, Schwartz, a Benedictine monk who 
lived about the beginning of the fourteenth century, and in this country to Roger 
Bacon in the latter part of the thirteen^ centiu^ has been found by recent investi- 
gations to date from a much earlier and other incendiary projectiles 

appear to have been known to the Chinese St least two centuries before the ChristiuD 
era; and the Greek historians relate that Alexander, in his expedition into India, was 
deterred from attacking the Oxydracm, a tribe dwelling betwieen the Hyphasis and the 
Ganges, becauSO they were under tho care of the gods^JJ^; 0VQ|^farew their enemies 
with thunder and lightning, which they shot ;^m thenrW|8:v know with cer- 
tainty that gunpowder was used in^ ^e eigh^ Christian era : for the 

work of Karcus Greecits, ^tled > ^*ZibelF contains 

exact directions for making a rocket and {sssparhslg charging iV and 

even reoommenda that the charcoal shoi^ >1# willow-Wood, which 

modem experience has shown to he que Roger 

Bacon, writing in the thirteenth centuiyi^ lipeelaehf gunpowdex^hs^;;^^ well 

Jmown m aU ttountries for making squibs and Other firewotks. ' ^ ^ o 
The rocket appears to hOTe been for a long time the only fonn of &c^diaiy prqjec- 
used in war, ThO of cannon is by ah Arabian author^ Who spea)|i of 

^ King of OraiM^at the siege of Baza iti^X323* An 

shows that fire-arms were Icnowhjin; that city 
in 1326;v|^id;m of expenditure from 1336. to 134$ show 

that fiiWaia^ ejaapld!^ to war. Riald artilleiy appears to lioTO fiw* 

1346. 

<>/ the 

poster, toOWaywdy to totofcareof nitW, 

power depmb hpon its pro^3i^^P|r burning rapidly and 

and tooli&g V combusuon A'^antity of gas which oceqj^ihm 1000 times 
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the volume of the origiual powder. The quantity and chemical corapoBition of the 
gases thus evolved depend upon the proportions in which the nitre, sulphur, and char- 
coal are mixed. 

It was formerly supposed that, in the combustion of gnmpowder, tlie whole of the 
nitrogen was set free, and that the whole of the oxygen of the nitre entered into com- 
bination with the charcoal, forming carbonic anhydride, carbonic oxide, or a mixture of 
the two, while the potassium of tlie nitre combined with the sulphur, forming sidphide 
of potassium, thus : 

(1.) 2KNO> + S + C* = K^S + N* + SCO*. 

(2.) 2KNOV+ S + C« =3 K=^S + + 6CO. 

powder composed according to the first of these formula contains 74-9 per cent, nitre, 
11*8 sulphur, 13*3 charcoal; and yields, according to theory, 48*9 percent, by weight 
of carbonic anhydride, 10*3 nitrogen, and 40*7 sulphide of potassium. A cubic inch 
of this powder* should yield 74*6 cubic inches nitrogen, and 22-13 carbonic anhydride, 
or 296 cubic inches, of gas in all. 

The second kind of powder contains by weight 65*4 per cent, nitre, 10*4 sulphur, and 
24*2 charcoal, and should yield, according to tho second of the above ocpiations, .'>4-9 
per cent, by , -freight of carbonic oxide, 9*1 nitrogen, aiid 3G-0 snlphido of potassium, or 
1 volume of it should yield G6 vols. nitrogen and 391 vols. carbonic oxide :^4o7 vols. gas. 

It appears, then, that the second kind of powder is capable of yielding U l imea as 
great a volume of gas at the same prps.sure and temperature ; but on the oth<‘r haml, 
carbon, in burning to carlionic anhydride, evolves a far greater quantity of heat than in 
burning only to carbonic oxide, and the greater expansion of the gases thence resulting 
more than compensates for the smaller quantity of gas originally produced. Moreover, 
the second kind of powder burns so slowly, that the combustion is not complete by the 
time the ball issues from the gun, so that part of the projectile force is lost. 

The actual products of the combustion of gunpowder are in reality much more com- 
plicated than they appear to be from the preceding theoretical considerations ; never- 
theless experience has shown that the best kinds of powder for fire-arms, botii large and 
small, are composed very nearly in the proportions indicated by the first of the formuhw 
above given, as may be seen by comparing the percentage composition of the various 
kinds of powder for frre-arms given in the foUowing table, with the theoretical compo- 
sition of the powder Ko. 1. 


Composition of Gunpowder, 


Detcrlption of Powder. 


Swedish war powder . . 

Wurtembnrg musket powder « 
Hessian artillery powder • 

„ musket powder . 

Hanoverian war powder • 

Mailand „ • . 

Grenelle powder , . , . 

Italian war powder , • • 

Hartford powder . • # 

Curtis and Harvey’s poVd^ 
Wurtembupg war-powde® • • 

Austrian musket powdiri^ • 

Hessian war powder . « 

French sporting^ po^isr from 
Angouleme and Le BbncHet • 
English, from W^thsm Abbey i 
B^ese powdef ' . > • 

French ^wnd^^powiee from 
Btsonne . , . 

Butch artOleiy powder . • 

Russian „ 

Italian sportW powder • 

Fowder from {mamny • . 

Chinese powder . ^ c . 


Charcoal. 

Sulphur. 

Nitre, 

Authority. 

90 

16-0 

750 

Meyer 

106 

14*8 

74-6 

tt 

10*7 

15-1 

71-2 

u 

10*7 

15’6 

73*7 

tt 

10-8 

18*0 

71-2 

>1 

ii-d 

11-9 

76-2 

ft 

11*9 

11-9 

76-2 

If 

12*0 

120 

76-0 

Prechtl 

12-6 

7-7 

79-7 

Meyer 

12*7 

9-2 

78*1 


12'S 

12*5 

74-6 

linck 

B-l 

11*3 

76-6 

n 

13*3 

13*4 

73*3 

M 

13*6 

9*6 

76*9 

Prechtl 

1 S*T 

10*1 

76-2 

Ure 

. 14*0 

10*0 

76*0 

Meyer 

16*9 

9*0 

76*1 

»» 

16*0 

10*0 

74*0 

Prechtl 

16*0 

13*9 

69*8 

Meyer 

17*7 

18*2 

11*7 

3*6 

70*6 ' 
73:2 

Prechtl 

18*9 

4*8 

76*8 

Meyer 

23*1 

16*4 

61*5 

Prechtl 


of water, 


AiSieoraini’td^^O^ of a glv«i TOlume U (W that of a» equal bulk 
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In all these kinds of powder, excepting the Chinese, which approaches . nearh 
to No, 2 (p, 957), the ph)portions of the ingredients are nearly the same, the varil 
ations arising cliiefly from the different degrees of purity of the materials used ; in 
some the proportion of charcoal is increased, and that of sulphur diminished, to 
lUlow for the smaller percentage of carbon in the charcoal employed ; in others the 
jpercentage of nitre is somewhat increased, probably to obtain a more rapidly burning 
powder. ^ 

Blasting powder nsnaUy contains a larger proportion of sulphur, tfbieh is a Reaper 
material than cliarcoal, and may be used in excess in the coinposi^on of this ^wder; 
but if present in large quantity in powder for fire-arms, would corrode the metal! 
The composition of French blasting powder, and of its products of combui^on, is 
approidmately that which is indicated by the equation : 

KNO* + S + C* « KS+N + CO* + CO. 

100 pts. of this powder contain 64*3 pts, nitre, 20*4 sulphur, and 14*7 charcoal, 
and should yield by combustion 39*0 pts. by weight of disulphide of poUsnum, 
9*9 N, 31*2 carbonic anhydride, and 19*9 carbonic oxide. 

The actual products of the combustion of gunpowder are, however, as already 
observed, much more complicated than the preceding theory would indicate ; indeej 
notwithstanding the near agreement of the composition of the best kinds of powder 
with that pointed out by theory, the equations above given cannot bo taken as 
the real representation of the chemical change which takes place^ inasmuch as 
residue of the combustion is found to consist mainly of sulphate, and carbonate 
of potassium, with only a small quantity of sulphide. When powder burns in 
. contact r^th the air, it might be supposed that the sulphate of potassium is formed 
fioin the sulphide by atmospheric oxidation; but the same result is obtained in burning 
powder in a close vessel or even in a vacuum,- whence it follows that th(3 sulphate of 
potassium is a direct product of the combustion of tho powder independently of 
atmoflplieric oxidation. 

Gay-Lussac and Chevreul, by burning gunpowder in a copper tube, obtained a 
gaseous mixture containing in 100 pts. 45*4 pts. CO*, 37*5 N, 8*1 NO* 0*6 carburetted 
hydrogen, and 8*3 of a peculiar gas containing carbon, hydrogen, and oxygen. 
In another experiment, they obtained 53 per cent. CO*, 42 N, and 5 CO. Tlie solid 
residue was found to contain fiul[ihate, carbonate, and the higher sulphides of potas- 
sium, as well tis the protosulphide. 

More elaborate investigations of the products of combustion of gunpowder have 
been made of late years by A. Vogel, jun. (Dingl. pol. J. cxxxvi. 156), by Bunsen 
and Schischkoff (Pogg. Ann. cii. 321; Wagner’s Jahresb. 1857, p. 131; 1858, 
p. 158); by Li nek (Ann. Ch. Pliarm. cix. 53); and by Karolyi (Phil. Mag. [4] 
xxvi. 272). The experiments of Bunsen and Schischkoff were made with ^rting 
powder; those of Linck with Wurteraburg war-powder : those of Karolyi with Austrian 
war-powder. Tho following table exhibits a comparative view of the results of these 
experiments:— 


Bunien and 

Scbischkoir. Linck. Karolyi. 






Sporting 

War 

Smail-arm 

Ordnance 





powder. 

powder. 

powder. 


Nitre • 

• 

• 


78-99 

74*66 

77*15 

• 73-78 

\ Sulphur 


V 

• 

9*84 

12*49 

8*63 

12-80 

YCarbon 



t 

7*69 

12*31 

11*78 

JO-88 


; • 

• 

' ■■ • 

4 

• 

0*41 

8*07 

1 0-64 1 

0*42 

1-79 

0*28 

0-38 

l‘$2 

' ’ ' -v." 




100*00 

100*00 

100*05 

99-OT 

Product of Combustion by Volxme* 


Nitrogen. . 




4112 

34*68 

35*33 

87-68 

Carbonie anhydride 




52*67 

52*14 " 

48*90 

42‘W' 

Oarbonio oadde , 

. • 


• 

3*88 

4*33 ^ 

5*18 


Hydrogen . « 

• 


a 

1*21 

1*63 S 

6*90 


Sulphydric acid « 




0*60 

7*18^' 



Oxygen . . 
Mawgu • V 

• 

• 

t 

0*52 

• • 

0*04/^ 
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Total Products of Combustion by Weight, 


gulpliat®of potassium 
Caroonate . 

Hypoaulphite . 

Sulphide • • 

SulpTicK^aaato . 

^^itTate 
Ohaxcoal • 

Sulphur - . . 

Sesquicarbonate of ammonium 
Nitrogen . 

Carbonic an%dride 
Carb<>iii<3 oxide . 
ifydfogen . 

Sulphjrdric add 
Oxygen • • 

Marsh gaa . ^ 

Loss • • ^ 


1UU‘UU 

Quantity of gas (in cubic centime-) 
tres) for a gramme of powder . i 


Bunsen and 




Schihchkoff, 

liiMk. 

Karolyl. 

Sporting 

War 

Small-arm 

Ordnance 

fMtifde.r, 

powder. 

powder. 

powder. 

42*27 

29 01 

36*17 

36-96 

12*64 

16*43 

20*78 

19*40 

3*27 

9*63 

1-77 

2*85 

2*13 

3*76 

% • 

0*11 

0*30 

116 



372 

1*20 



0*73 

1*84 

2*60 

2*57 

0*14 

0*31 

1*16 

4-69 

2*86 

2*05 

2*66 

2-08 

9*98 

9*66 

10*06 

977 

20*12 

22*47 

21*79 

17-39 

0*94 

M8 

1*47 

2-04 

0*02 

0*03 

0*14 

on 

0*18 

2*38 

0*23 

0-27 

014 

0*01 



, . 


0*49 

0*40 

0*66 

. . 

0-68 

017 

100-00 

100*00 

100-00 

10000 

103-10 

218-35 

226 59 

200*91 


Bunsen and SchisclikofF find that the smoko of gunpowder has nearly the same com- 
position as the solid residue of the combustion, consisting mainly of sulphate, 
carbonate, and hyposulpliito of potassium. 

The heat produced by the combustion of gunpowder has been variously cstimaf (‘cl by 
different observers. Buusen and Schisehkolf found that one gi*animc of sj)orting. 
powder evolved, in burning, a quantity of heat sulficicnt to raise the teinpi rature of an 
equal weight of water C43*9® C. This number, however, must be diminished by tho 
amount of heat due to tho further combustion of the infiaminahle gases present by the 
air mechanically enclosed within the powder. This correclion reduces the amount of 
heat diio to the actual combustion of the powder to 61i)’5°C. ; and this number 
divided by the sum of the specific heats of thepro<luct« of combustion (estimated by Ih 
and S. as «= 0*207) gives 2993'^ C. for the tempcniture of the flame produced by the 
combustion of gunpowder. If tho powder is burnt in a confined space, so that the gases 
cannot expand, the temperature of the flame will be considerably bigli or, equal in fact 
to the quotient obtained by dividing the heat of combustion by tho specific heat of tlio 

products referred to a constant volume, that is to say, = 3340° C. 

The maximum pressure exerted by tho gases, at the first instant of evolution, on the 
inner surface oi the gun, and on tho projectile, is estimated by Bunsen and 
Scdiischkoff at 4374 atmospheres. Former experimenters had estimated it at much 
higher amounts, but the data on which their calculations were founded do not ^H^pcar 
to be veiy trustworthy. The greatest mechanical effect or theoretical working effect of 
the powder examined by Bunsen and SchischkofF is estimated by them at 67,149 
metre-kilogrammes * for a kilogramme of powder. ^ r j 

For descriptions of the machinery and processes used in the manufacture ofgunpowaer 
see Bichardson and Watts's Chemical Technology ^ vol. i. pt. iv , — Abel and Jiloxam s 
Handbook of Chemistry, London, 1864, ^, 2 Z^.—Ure'sDictwna^ofArt^Manufac^^ 
and MineSj ii. 429. — Regnault, Cotirsde Chimie BlmeniairefiL 2 ^ 1 »^Psloug 6 et Jfremy, 
Tiraitl de Chimie gSnirale^ 3me 6d. ii, 292, 

Analysis of Chmpowder . — 1. Determination of Moisture , — A known weight ® ^ .® 
powder is either placed for several days in a vacuum over oil of vitriol, or it is p ac m 
a TJ-tube kept at a temperature of 60° or 70°C. and exposed to a current of diy air. in 
either case the loss of weight of the powder gives tho quantity or moisture i»n 
2. Determination of m 10 grms. of the dry powder are 

the undissolved residue, consisting of sulphur and charcoal, is . . 

' ^er previously dried ajitd weighed, then washed, /up filter ffives 

heat, and veiled. Tht total wei^t, dimimehed hy th^t 
the nm of the weights of the sulphur and carton, which, diwctlv by 

wei^ of the po»*r, giyee the ifitre. The latter may also ^ detonnined directly by 

W re^Jlogimiiael. the force regreiented by the fsU ef. mogr.iBme weight thfOugbU-britb* 
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evaporating the aqueous solution, together with the wash-waters, and drying the 
residue in a small porcelain capsule at 149° C. 

3. Determination of the Sui.'phHr and Charcoal . — A weighed portion of the dry residue 
of charcoal and sulphur obtained as above is introduced into a small flask, and digested 
with a mixture of sulphide of carbon and ether, wliich dissolves the sulphur and leaves 
the charcoal. The latter is collected on a small tared filter, washed with the mixture 
of sulphide of carbon and ether, then dried and weighed. The weight of the sulphur 
is known by difference ; or it may be determined directly by evaporating the solution, 
and weighing the residue. 

Some analysts dissolve out the sulphur by means of a solution of sulphide or 
hyposulphite^ of sodium ; but this method is objectionable, because these liquids 
likewise attack the charcoal, forming a peculiar acid called idmic acid. 

The charcoal in gunpowder is not pure carbon, but contains also hydrogen and 
oxygen, varying in quantity according to the degree to which the carbonisation has 
been carried. Its composition has a great influence on the quality of the powder, and 
must therefore be determined when a complete analysis is desired. The analysis of 
the charcoal is made by combustion with oxide of copper, as desci-ibed under Analysis, 
Organic (i. 232). 

The quantity of sulphur in gunpowder may also be determined by operating directly 
on the powder itself. For this purpose. 10 grms. of the dry jiowdcr are digested in a 
email quantity of hot water, nitric acid ie added, the whole heated to boiling, and 
chlorate of potassium added by small qutftitities. The sulphur tlien dissolves in the 
form- of sulphuric acid, and may be precipitated from the filtrate by chloride of barium. 
The precipitate of sulphate of barium is collected and washed, with the precautions 
indicated.at page 503, vol i., then dried and weighed, and the amount of sulphur thence 
detormiued. 

Another hi ethod of determining the sulphur is to mix a known weight of the dry powder 
with an equal weight of nitre and 4 or 5 times the same weight of clilorido of sodium, 
and throw the mixture by small portions into a red-liot platinum crucible. Deflagra- 
tion then takes place slowl^^, without projection of the mixture. Wlien it is ended, the 
fused mass is taken up with water, the liquid is supersaturated with hydrocliloric acid, 
and the sulphuric acid is precipitated by cliloride of barium. 

It is sometimes required to determine merely the percentage of nitre contained in a 
sample of gunpowder. This is easily done by treating 50 grammes of the powder with 
200 grammes of Iiot water, and filtering the liquid into a glass cylindetr having a mark 
indicating the capacity of 500 cubic centimetres. The residue on the filter is washed 
with water till the filtered liquid just fills the cylinder up to the mark. The liquid is 
then cooled to 15° C., and a small quantity of water is added to make up for the con- 
traction caused by cooling. It is then w^ll stirred to render it homogeneous, and a 
small hydrometer is immersed in it, graduated in such a manner that the degree to 
which it is immersed indicates immediately the number of hundredth parts of nitrate 
of potassium contained in the 50 grammes of powder. By this method the proportion 
of nitre may be easUy estimated within 0-3 per cent. (Regnault) 

OtTSBOrZTSy or Gurkcfian. — A variety of dolomite found at Phillipstown, New 
York. It has n semi-opalme appearance, and a fracture nearly like that of porcelain. 

avKpliim'' ,See Gtrolitb. 

OtTTMlf A substance resembling caoutchouc, obtained from the 

Isonarda Per^^XWpeo'ker) or Is. Gutta^ a large tree of t he sapotaceous order, growing 
in the peninsula of 'Malacca, Borneo, and many of the other islands of the Indian 
Archipelago, also, according to B leek rode (Itep. Chim. app. i. 403) from 
Muelleri, It exudes from incisions in the bark, and is usually procured by the waste- 
ful process of cutting down the trees, ringing the bark at distances of 12 or 18 inches 
apart, and placing a cocoa-nut shell, spathe of a palm, or some similar receptacle, ^der 
the trunk, to receive the milky sap which exudes from the incisions. Tho juice is 
afterwards inspissated by boiling. 

The crude gutta percha imported into Europe is prepared for manufacturing pmposos 
by rasping it in cold water, whereby it is freed from the greater part of the soluble 
salts, earthy matters, and extraneous organic substances which it contains, and washed 
with tepid water in a series of large basins, Tho residue is then heated for some tamo 
to 110° C. (2309F.) to reduce it to a single mass, and expel the last traces of water, 
which would otherwise remain between the particles of the gutta percha and dimini^ 
its coherence. ^ 

Another mode of purification is to dissolve the crude gutta percha in sulphide of 
carbon, filter the brown turbid solution under a bell-jar, and leave the limpid wlourless 
filtrate to evaporate in the air in shallow porcelain ^hes or on plates of glass. On 
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pooring cold water on the diy residue, the films scpiirale from the glass or porcelain 
after a few minutes, and may ho lifted olf without breaking. (Pay on.) 

Purified gutta percha has a browni.sh rod colour and a donsily of ()-979. It lioeoim'H 
eloofrical by friction, and in a very slow conductor of oleef ricity. Kcnce it is much used 
for forming insulating supports in electrical apparatus, and for coating tcl('grnph wires 
which are to be iiunicrsodin water. At the ordinary t(‘m])erature of our rliniale, it pos- 
sesses considerable tenacity, about equal to tliat of strong leather, and somewhat. less 
flexibility. At about 48® 0, (llo® P.) it softens and becomes pasty, tliougli still very 
tenacious. Jletween 42® and CO® C. (103® and 104® P.) it may easily be spn*ad out 
into sheets or drawn into threads or tubes. Its .suppien(\ss aiul diictflity dlminisli as 
the temperature lowers, and it does not posses.s, at any temperature, llie clast !<• exten- 
sibility of caoutchouc. When softened by heat, it may bo worked by j.ressiire into any 
required shape, and \^*ill take the fine.st impressions of a mould ; hence it is iiiucli used 
tor ornamental mouldings of picture frani(‘S, &c, 

Gutta percha i.s remarkably porous; a thin film of it obtained l)y Icaviiig adropofitt 
solution in sulpliide of carbon to evaporate spontaneously on a plate of glass, a|)pears, 
when examined l>y the microscope, to be full of minute pores, like a sieve. This poi tuis 
structure may be changed by traction into a flbroiis stnictiiri', the gutta percha being 
capable of extending in tbi.s manner to double its original length ; it then possesses little 
farther extensibility, but will support without breaking a force ecpuil to the double of 
tlint wliicli produced the extension. 

Gutta percha i.s insoluble in water, .sparingly soluble in aidiydrous alcohol and anliy- 
<Irous ether. It dissolves in small quantity in boiling olive oil, and is dt^posited from 
t he solution on cooling. IJenzeiu*. .sulphide of carbon, chloroform, and oil of turpentine 
dissolve it easily with the aid of heat. It resksts the action of alkaline solutions, of 
liy'h’ochloric acid, and of hydrofluoric acid: bottles made of gutta percha form very 
convenient rceeptaclea for hydrofluoric acid. It is car1)oiiised by strong sulphuric acid, 
and converted into a yellow resin by nitric acid. By dry distillation it yit'lds very 
infiamrnabic oils. 


According to Payen (Compt. rend. xxxv. 109), gutta percha purified hy solution in 
sulphide of carbon, as above described, is a mixture of three proximate principles; viz. 
- 1. A portion insoluble in alcohol, whether cold or boiling, and amounting to 70—82 
per cent, of tho whole. This is called by Payen pure gutta. — 2. A crystalline substance 
called albari, insoluble in cold, but soluble in boiling alcohol; this has been already 
described (I. 64), it amounts to 19 — 14 per cent, of tho gutta percha — 3. A y(‘llow 
resinous substance called fluavil (ii. 609) soluble in cold alcohol, and amounting to 
6 — 4 per cent, of the w'hole. According to Payen, these three substances are isoiruiric, 
their composition being expressed by tho formula Payen’a pure gutta is w'hitc, 


opaque, elastic; solteiis and becomes adhe.sivc at 50® C. ; mclis at about loO dissolves 
ill bonzeno when heated, in sulphid(3 of carbon at ordinary temperatures, but is insoluble 
in alcohol and in ether. ... 

From the experiments of Oiidenians (Pep. Chiin. npp. i. 455), and of v. Baum- 
hauer (J. pr. Chem. Ixxviii. 277) , it appears however that pure gutta is a hydrocarlion 
isomeric witli oil of turpentine, ami that alhaii and fluavil are formed froru it 

by oxidation,— fluavil being (C*‘»n‘'')'0 and alban C'«IP«0,— probably together with a 
whole series of other products of oxidation, including formic acid. This oxidation 
appears to take place during the extraction of the gutta percha from the tree8,.and if 
it could he prevented, there is no doubt tliat pure gutta would be at once obtained. 

(Bloekrode.) tr • i i 

Baumlmner prepares pure gutta by exbau.sting gutta pei’cna wjth water and 
hydrochloric acid, and treating the residue with boiling etlier (winch di.ssolvc.s CAcry- 
thing excepting a few black flocks), leaving the filtrate to cool, pressing the suhstanco 
which separates, and repeating tho treatmoiit till the ethoreal liquid retains notliing in 
solution alter cooling. , , . ^ ^ ^ . 

Pure gutta thus prepared is perfectly white when reduced to fine powder ; ea 'o. 
together and becomes transparent at 100 ® 0., becoming somewhat turbid on coo mg, 
and more so aaor some time; at 150® it begin.s to medt ^ 

tenacious ma.ss ; at 180® an oily liquid begins to distil over ; at 210 the mass In c m c. 
filled with vapour-bubbles, and at 280® it froths strongly. Gutta is strongly 
by ozonised o^n ; also by strong hydrochloric acid, with which it appears to form 
two compounds containing chlorine. It is insoluble in cold ether, but becomes solub e 

“'rhr^w jus\“gfven'5tlio constitution of pufta percha is confirme(l ^ 
its diy distillation. Ore ville Williams (Chem. .Soc. .T. xv. 1-t) ^ " 

decomposed by dry distillation, essentially in the saino manner as 
resolred, for the W part, into tho polymeric, hydrocarbons. 
caoutchin, C'«H“ and hevoeno, which is probably also polymeric with the other two. 
VoT.. II, 3 Q 
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The caoutchin foms about 20, the isoprene about 0 p^ ceut of the erude diedllat^ 
The distillate also contaius a small qttantitj^(tf ^ter, which, instead of being aU^ine 
as with caoutchouc, is strongly add, and contains a volatile acid, apparently one of ^e 
lower members of the series 0*H^^ On neutralising the acid hquid with potash or 
soda, the odour of a volatile base becomes perceptible. 

Mteraiiona of Guita Percha. Both the ordina^ substance and the pure gutta 
obtained as above, experience, when exposed to the air, especially at a temperature of 
26^ to 80^ 0. (77^ to 86^ F.) and in thin sheets or threads, a peculiar alteration 
which takes place with various degrees of rapidity, and completely deprives the 
material of its flexibility, tenacity, and extensibility, thereby rendering it quite useless 
for industrial purposes; at the same time a peculiar pungent odour is evolved, which 
communicates itself to water or other liquids kept in vessels made of the gutta percha 
(Payen). This alteration is especially liable to occur in tropical climates, an instance 
of wiiich was experienced in the construction of the East Indian telegraphs. Enormous 
quantities of gutta percha employed for this purpose became in a comparatively short 
time entirely useless, involving a loss of thousands of pounds. This altered gutta 
percha was submitted for examination to Dr. Hofmann (Chem. Soc. Qu. J, xiii. 87), 
who found that the change was due to oxidation. The alter^ gutta percha was a brown 
very brittle mass, from which cold alcohol extracted a brittle substance containing, on 
the average, 62*8 per cent, carbon, 9*3 hydrogen, and 27*9 oxygen. From the residue 
of this operation, boiling alcohol extracted a substance of similar physical character, 
containing on the average 67*7 per ceiit% carbon, 10*1 hydrogen, and 22*2 oxy- 
gen. The residue, insoluble both in cold and in boiling alcohol, was unchanged gutta 
percha, which yielded by analysis 88*1 per cent, carbon and 12*5 hydrogen. On the 
oxidation of gutta percha, see also Adriani (Chem. News, ii. 227, 289, 813 ; Jahresb, 
1860, p. 496). 

Eeapedang the manufacture and uses of gutta percha, see Ure's Dictionary of Arta^ 
Manufactures, and Mines, i. 433 ; also Payen, Precis de Chimie industrielle, 4me. 4d, 
(1869) I. 184. 

CITnrA<kUX&&ZTB. C“H**0*. — A fossil rosin, said to form an extensive deposit 
near Guayaquil in South America. It yields easily to the knife and may bo rubbed to 
powder. Specific gravity 1*092. Colour pale yellow. Lustre not resinous, or 
imperfectly so. Slightly soluble in water and largely in alcohol, forming an intensely 
bitter yellow solution. Begins to melt at 167® F., but does not flow easily till 
heated to 21 2° F. Becomes viscid as it cools, and may be drawn out into fine threads. 
Dissolves in cold sulphuric acid, with dark reddish brown colour. A few drops of 
ammonia added to the alcoholic solution darken the colour and finally change it to a 
brownish red. Contains 76*665 per cent. C, 8*174 H, and 16*161 O. (Johnston, 
Phil. Mag, xiii. 329 ; Dana, ii, 468.) 

GTMirZTB. Syn. with Deweylitb (p. 312.) 

OTPSVM. CVSOVH’^O, or CaO.SO’ + H^O. Sulphate of lime. Alabaster, 
Selenite. Satin spar. Schaumkalk. Plaster of Paris,— This mineral occurs both 
crystalline and massive. The crystals belong to the monoclinic system. Batio of axes 
a : 6 : c s 1*446 ; I ; 0*6976. Inclination of clinodiagonal to principal axis *» 81® 26|; 
•f P : + P in clinodiagonal principal section *= 1 38® 44'; — P : — P in the same « 143® 28'; 
ooP : ooP in the same 68® 46\ Ordinary combinations ooP . [ ooPoo ] . +P . -P 
(fy* 30i, p, 166) and ooP . { ooPoo ] . -P 302). Twins like fi^ 333 (p. 162). 
Cleavage V^ distinct, parallel to [ ooPoo ]. {Kopp's KrystaUogra^ie, p. 306.) 

Hardness — 1*6. 'Specific gravity =» 2*314 — 2*328. Lustre of [ ooPoo ] pearly and 
shining ; of the other faces sub-vitreous. Massive varieties often glistening, sotnetimes 
dull, earthy. Colour usually white, sometimes grey, flesh-red, honey-yellow, oebre- 
V yellow, blue; impure varieties often black, brown, red or reddish-brown. Streak 
white. Transparent in various degrees down to perfect opacity. The transparent 
varieties are c^led Selenite ; the fine massive varieties, Alaiaster ; the fibrous, 
spar, Schaumicalk is a variety in small scales having a pearly lustre. 

.Gypsum contains 46*61 per cent. SO*, 32*60 CaO, and 20*93 water; or 54*66 SO*, 
24*61 Ca, and 20*93 water. In the gypsum of the volcano of Albay, island of Ijuzon, 
De la Trobe found 6*48 per cent, silica. . 

Before the blowpipe ^psum becomes white, exfoliates, and falls to powder^ At a 
very high temperature it melts with difficulfy to a white enamel. The white ^wd^ 
obtained by heat hardens to a compact solid when moistened. Gypsum diaspiTeA.^ 
400 — 600 pts. water. . . i j i 

Gypsum often forms extensive beds in secondaiy countries, and is slab tond m 
tertiai 7 and recent deposits, occasionaUy in crystalline rocks. It is also a prooMit 
volcanoes, occurring amut f^aroles or where sulphur-gases are escaping^ 

the sulphuric acid generated therefrom, and the lime afifoi^ed by the decompoainfl 
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1et¥18i Kme beixig contained in angite and labradorito. Gjrpsum is also produced by 
the decomposition of pyrites^ when lime is present, and often about sulphur-springs 
where sulpbydric acid is emitted, this gas <manging, through reaction with Tegetable 
matter, into sulphuric acid. Gypsum is also deposited on the evaporation of sea- water 
and brines. 

Fine specimens of selenite are found in the salt-mines of Bex in Switzerland, at 
Hall in the T^ol, in the sulphur mines of Sicily, in the gypsum-formation near O^ana 
in Spain, in tne clay of Shotover Hill near Oxfoi^ ; largo lenticular crystals are found 
at Montmartre near Paris. Alabaster occurs at Castolino, 35 miles from Leghorn. 
Fibrous gypsum occurs in Cheshire and Derbyshire, in the red-sandstone near Moffat, 
in the Forth river, near Belfast, &c. Scaly foliated gypsum {Schaumkalk) occurs with 
selenite at Montmartre. Gypsum occurs in extensive beds in several states of North 
America, particularly in Now York, Ohio, Hlinoia, Tennessee, and Arkansas, and is 
usually associated with salt-springs. Gypsum occurs altered to calcspar. 

IMaster of Paris, or gypsum, heated and ground up, is used for making moulds, 
taking casts of statues, medals, &c., and for producing a hard finish on walls ; also 
in the manufacture of artificial marble, as the scagliola tables of Leghorn, and in the 
glazing of porcelain. Alabaster is used for making statues and vases. Fibrous gyp- 
sum, when cut en cahochon and polished, forms an artificial gem resembling cat’s-eye. 
(Dana, ii. 379.) 

OTROXiZTZS or OtTROXiZTB. A mineral closely related to apophyllite. It occurs 
in spherical concretions having a lamellar radiate structure, white and pearly. Hard- 
noss ~ 3 to 4. Before the blowpipe and with acids it behaves like apo[)hy]lite. Analysis 
gave 60‘70 per cent. SiO*, 1*48 APO^, 33 24 CaO, 0*18 MgO and 14*18 water, agree- 
iiig approximately with the formula 3(2Ca0.3Si0*).8H^0, or 3(Ca*Si0^.2Si0*).8II‘^0. 
(Anderson, Phil. Mag. [4] i. 101.) 

OTHOPRORZO RCZB. (Stenhouse, Phil. Trans. 1849, p. 393; Jaliresb. f. 
Chein. 1849, p. 458.) — An acid obtained from two lichens, Gyroi^ra puatulata and 
Lecanora tariarea^ which are collected abundantly in Norway for the manufacture of 
archil. To prepare the acid, the lichen is macerated with milk of lime ; the strained liquid 
is treated with hydrochloric acid ; aud the resulting red-brown gelatinous precipitate, after 
washing and drying, is heated nearly to boiling with weak alcohol, to remove a green 
resin, then with animal charcoal and strong alcohol, which leaves undissolved a brown 
humus-like substance. The filtered solution deposits gyrophoric acid in crystals, which 
may be purified by repeated crystallisation from alcohol, with help of animal charcoal, 

Gyrophoric acid forms small, soft, colourle.9s ciystals having neither taste nor smell. 
It is nearly insoluble in water^ even at the boiling heat, very slight ly soluble in cthr 
and in cold alcohol^ more soluble in boiling alcohol. It is a very weak acid ; its solu- 
tions do not redden litmus, and the addition of the smallest quantity of pota.sh or am- 
monia gives them an alkaline reaction. It is nearly insoluble in ammonia^ dissolves in 
excess oi potash or baryta-water^ and is precipitated unaltered by acids. 

By boiling with excess of potash or baryta-water ^ it is resolved into carbonic acid and 
orcin; but when boiled with a very small quantity of an alkali, it is converted into an 
acid of intermediate composition, soluble in water, having a distinct acid reaction, and 
differing from gyrophoric acid in crystalline form, Gyrophoric acid is reddened by 
chloride of lime, vi^en exposed to the air in contact- with excess of aynmionia^ it is 
slowly converted into a purple substance. Boiled for some time with strong alcohol^ it 
yields (besides orcin and a resin) a product having the characters and composition 
of orsellate of ethyl, C'®H**0* (j'. v). — ^With wood-spirit^ it yields the corresponding 
methyl-ether. i 

Stenhouse assigtns to gyrophoric acid the formula O’*. Gerhardt (TVoiw, 

iii. 818) regarded it as identical, either with Iccanorie acid, or with evernic 

acid, C>GI'®0^ to the latter of which it certainly approximates closely (analyses 60*81, 
61*16, and 61*12 per cent. carl)on, 4*90, 5*20 and 5*0 hydrogen; calculation for C”H'®0% 
61*44 C, 4*82 H, aud 33*74 0). 

OTROTRORR. A name applied to various contrivances for reversing the direction 
of an electric current, converting a continuous into an interrupted current, separating 
the two currents of an induction-coil, &c. 

OYTaR. A peculiar mud, mixed with organic matter, found at the end of Ae 
Sandeflord in Norway. After drying at 100<^ C. it contains 16*29 per 
soluble in water and hy^^loric acid, 9*92 water and organic matter, and 73 »0 sana 
and decomposed clay. (A. and H. Strecker, Ann. Ch. Pharm. xcv. 177.) 
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COmiTB. The following new obsemtions on this alkaloid hare been made bv 
Th, Wertheim (Ann. Ch. Pharm. cxxiii. 167 ; Rep. Chim. pure, 1863, p, 45): 

The conine was prepared firom fresh hemlock aeeds (p. 2), and rectified sereral times 
in a current of hydrogen. It was perfectly limpid and colourless, or very slightly 
coloured. It remained unaltered for months, and could even be distilled in an oil-bath 
in contact with the air. It boiled at 163*5® C. under a barometric pressure of 739 mm. 
Conine does not dissolve a trace of chloride of calcium, which may therefore be used to 
dry it 

Aaioooiiliydriiie. — ^Nitrous anhydride passed into pure conine is 

absorbed in large quantity, and after the excess has been expelled by a current of car- 
bonic anhydride at 30^ or 40^ C., a molecule of conine, C®ir*N, is found to have absorbed 
exactly one molecule of nitrous anhydride. Water extracts nitric acid from the pro- 
duct ; and if the remainder be washed several times with water, then with dilute 
carbonate of sodium, dilute hydrochloric acid, and again with water, it leaves a yellow 
oil, rather lighter than water, liaving an aromatic odour and burning^ taste, and without 
action on vegetable colours. 

This substance is azoconhydrine. Its composition is most simply expressed by the 
formula C*H*®N*0, which is that of conine + H + N + 6. The nitrous anhydride 
probably unites in the first instance directly with the conine, forming the compound 
which is subsequently decomposed by the water, yielding nitric acid and 
Hzuconbydrine : 

+ H^O = C»H'«N20 + HNO» 

Ordina^ commercial conine treated as above does not yield azoconhydrine, a violent 
decomposition taking place after a certain amount of nitrous gas has been absorbed. 
This. effect perhaps arises from the presence of methyl-conine (p. 6). 

The formula of azoconhydrine, may be derived from that of conhydrine, 

C®H'’NO, by the substitution of 1 at. N for 1 at. H ; but its vapour-density, 22*25 
(obs.), show that this formula must be quadrupled, making it which for a 

condensation to 2 volumes, gives as the calculated density, the number 21*62. 

Azoconhydrine is as poisonous as conine, but appears to act more slowly. It is in- 
soluble in water, soluble in alcohol and ether, and dissolves without alteration in strong 
hydrochloric and sulphuric acids, whence it is precipitated unchanged by water. 
Ammonia and the fixed alkalis neither dissolve nor decompose it, even with the aid of 
heat. When heated above 200^ C. it decomposes, giving off strongly alkaline vapours, 
which have tlie odour of conine. 

Diy hydrochlono add gas converts azoconhydrine into hydro chlorate ofconine, 
eliminating at the same time a gas which contains 1 voL nitrogen to 2 vols, nitric 
oxide : 

+ 4HC1 - 4(C'‘H«N.Ha) + N* + 2NO + 2H*0. 

The same gas passed into a solution of azoconhydrine in anhydrous ether, forms a 
magma of white shining crystals, apparently consisting of hydroehlorate of 
ethyl-con ine, resulting from the intervention of the ether, 

Oonylene. This compound is produced by the action of phosphoric 

anhydride on azoconhyc^e. When the latter substance is heated to 80® or 90® C., 
with excess of phosphoric anhydride, pounded glass bein^; added to moderate the action, 
nitrogen gas is rapidly evolved, and conylene distils over In the form of a yellow^ oil : 

- 40«ff< + 4H*0 + 4N*, 

Conylene is a yellowish oil, ha^ng a pungent disagreeable odour, of specifle gravity 
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0*7007 at 18® 0., inaoluble in water, soluble in alcohol and ether, boiling at 120® under 
a pressure of 738 mm. Vapour-density, obs. » 3-80; calc. (2 vols.) *= 3’66. 

Bromine XiXiitGB energetically with conylene, forming a product containing more than 
2 at. bromine. ^ Dibromide of conylene, is obtained by gradually adding 

alcoholic bromine to a well-cooled alcoholic solution of conylene till the mixture 
retains a faint yellow colour after agitation, precipitating with water, washing with 
dilute potash and then with water, dissolving in ether, drying the mixture with 
chloride of <^cium, and expelling the ether by evaporation in vacuo. It is a liquid of 
specific gravity 1*6679 at 16*25® C., having a disagreeable odour, somewhat like that of 
mustard, insoluble in water, soluble in alcohol and ether. Treated with pulverised 
hydrate of potassium it yields a liquid which, after two rectifications in a current of 
hydrogen, is perfectly colourless, lighter than water, and has very nearly the compo- 
sition of oxide of conylene, 


Conhydrine, C®II'’NO, is perhaps a compound of oxide of conylene with ammonia; 
and CO nine, ^ |n, might perhaps be produced by the action of ammonia on 


bromide of conylene. 


CKOTOirTXiIlXrB. C^H*. (E. C a yen ton, Ann. Ch. Pharm. cxxvii. 347.) — A 
hydrocarbon, homologous with allylene, related to croton ic neid, in the 

same manner as ethylidene, to acetic acid, and to tetrylene, C*H*, in the same 

manner as acetylene to ethylene. It is produced by the action of «‘t liylate of sodium 
on bromototrylene, the reaction being precisely analogous to that by which Sawilsch 
obtained allylene from bromotritylene, (i. 1112): 

C'H’Br + C=‘n*NaO « NaBr + + C’H*. 


Crotonylene is liquid below 15^ C., but volatilises very quickly if not surrounded by 
ico. It has a very strong, slightly alliaceous odour, boils at about 18® C., and distils 
between 18® and 24®. Vapour-density, obs. 1-936; calc. (2 vols.) = 1-868. 

It unites very energetically with hromine. When bromine is dropt into crotonylene 
cooled by a freezing mixture, dibromide of crotonylene, C^H®Br‘Vis obtained, us 
a liquid heavier than water, distilling between 148® and 158® C. with evolution of 
liydrobromic acid, and leaving a residue of charcoal. — This liquid left for some days in 
contact with excess of bromi ne is converted into t he t e t r a b r o m i d e, C^I l”Br\ a crystal- 
line compound isomeric with dibromide of dibromotetryleno, C^lPBr’.Br®, which it also 
much resembles ; but the latter distils undecomposed between 148® and 158® C., at which 
temperature, as already observed, the bromide of crotonylene is partly decomposed ; 
moreover dibromide of dibromotetrylenc does not volatili.so at ordinaiy tompiu-aliires, 
even when kept for months in an open dish ; and the same is the cas(* with the isomeric 
compound obtained by passing the vapours resulting from the decomf)ositiou of amylic 
alcohol- vapour at a red heat, into bromine ; but dibromide of crotonylene volatilises 
completely under these circumstances in 10 or 12 days. 

BXXiXTimiC ACXB. C^H»N80* —This acid, discovered by Schl ieper (p. 330), 
has lately been more fully investigated by Baeyer (Ann. Ch. Pharm. cxxvii. 211), who 
obtains it by the action of nitric acid on hydurilic acid. Hydurilic arid dissolves in 
nitric acid of ordinary strength, with copious evolution of nitrous vapours, forming a 
yellow solution. As soon as tlie evolution of gas has ceased, and a sample of the 
liquid forms with ammonia, no longer a reddisli but a white precipitate, the liquid is 
left to itself, and on cooling, solidifies to a maSvS of crystalline laminse, which W'hen 
pressed and recrystallised from a small quantify of hot water, yield pure dilituric acid. 
The mother-liquor retains alloxan, togetlier witli a small quantity of dilituric acid, 
which may be obtained by precipitation with ammonia or ferrous sulphate. Tho 
reaction takes place in two stages, violuric acid being formed in the first instance, and 
afterwards converted into dilituric acid : 

-e HNO* =- + C‘H-N‘0^ + H^O. 

Hjdurilic acid. Violuric Jicid. Alloxan. 

C<H*N»0* + HNO* = CWN>0* + UNO*. 

Violuric acid. llilituric acid. 

Schlieper obtained diliturie acid by boiling alloxantin with hydrochloric acid and 
treating the resulting crystals with nitric acid (p. 331). It was probably formed in 
this case by the action of the nitric acid on hydurilate of ammonium resulting from the 
action of the hydrochloric acid on dialuric acid (p. 316), contained in the alloxantin. 
(See Hydukilic acid.) . j i • 

Dilituric acid crystallises in colourless quadratic prisms and lamin®, containing 
6 at. water (C<H*N*0*.6H*0). The crystals effloresce when exposed to the air, and 
dissolve easily in hot^ more slowly in cold water, forming a deep yellow solution. 
is less soluble in alcohol, insoluble in ether. When heated it decomposes, with 
evolution of nitrous vapour**, and leaves a brown red mass. 
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pilituric acid is easily recognised by the deep yellow colour with which it dissolves 
in water, and more especially in dilute potash: also by forming a white precipitate with 
' arnTTumium^salts, d, white precipitate composed of needle-shaped ciystals with ferrous 
and a lemon-yellow precipitate with acetate of ^ver. 

Piliturio acid exhibits the characters of a nitro- compound : when heated with 
hypoohlonte of calcium, it yields considerable quantities of chloropicrin (i. 923); 
Some of its salts explode violently when heated ; and its amount of nitrogen cannot be 
determined by ignition with soda-lime. — ^When bromine is added to dilituric acid 
suspended in cold water, a very loosely combined compound is formed, which may be 
separated from the aqueous solution by ether, and is so unstable, that a few drops of 
benzene separate the whole of the dilituric acid from the ethereal solution in its 
original state, bromobenzene being probably formed at the same time. But when 
dilituric acid is heated to 100® C. with bromine and a small quantity of water in a 
sealed tube, it is resolved into nitric acid and bromalloxan, the compound NO"Br 
being probably formed in the first instance, and afterwards converted into nitric acid : 

C^H*N*0« + Br* « C'HWBr^O* + NO*Br + HBr. 

Dilituric add. Bromalloxan. 

Hydriodio acid reduces dilituric acid to uramil: 

C'H»N»0» + 6HI = + 2H*0 + 3P. 

This reaction and the preceding arc analogous to those exhibited under similar 
circumstances by violuric acid (^. v.). In fact, these two acids differ only by 1 at. 
oxygon, and the formation of dilituric acid from violuric acid (p. 965) is simply the 
conversion of a nitroso-compound into a nitro-compound: 

C^H»(N0)N20» + 0 = CTP(N02)F0* 

Violuric acid. Dilituric acid. 

Dilituric and violuric acids mixed in hot concentrated solution unite and form 
violantin, OHWO®, a very unstable compound, which is partly resolved into its 
component acids when recrystallised from water. 

Diliturates. — Dilituric acid is tribasic, but it is especially inclined to form salts 
containing only one atom of metal. Of these acid salts the sodium-salt is the most 
soluble, the others being sparingly soluble or insoluble. Tho diliturates have a white 
or yellow colour, and are remarkably stable, tho acid not being separated from them by 
mineral acids. , 

Diliturait of Ammonium, C*H*(Nn\)N*0* is formed as a white crystullino pre- 
cipitate on mixing dilituric acid with ammonia or an ammonium-salt; from very 
dilute solutions it separates in concentrically grouped prisms. It is very slightly 
soluble in cold, somewhat more in hot water, and ciystallises therefrom in small 
crystals and shining lamin®. It is not altered by ammonia or by nitric acid; in strong 
sulphuric acid it Sssolves without decomposition, and is precipitated therefrom by 
water. Dilute potash dissolves it, with evolution of ammonia, forming a deep yellow 
liquid containing dipotassic dialurato; strong potash-solution colours it yellow without 
dissolving it. When heated it burns away with deflagration. 

Diliturate of Barium, separates on mixing dilituric acid witli acetate of bariiun, in 
slender needles, which are decomposed by soluble sulphates, but not by free sulphuric 
acid. Chloride of barium converts this salt into a double stUt, C'‘H^Ba"N®0*".Ba"CP. 
4H*0, which may also be obtained in beautiful heavy crysUils resembling twin-crystals 
of gypsum, on mixing a hot solution of dilituric acid with chloride of barium. Tho 
ctystals give oflF their water at 140® C. 

Diliturate of Calcium, obtained by precipitating acetate of calcium 

with dilituric acid, forms slender white needles containing 4 at. water, half of which 
they give ofif at 140® C. 

IHLUurate of Copper, C*H^Cu"N®0*®.12H*0, is obtained by mixing dilituric acid with 
a soluble copper-salt, as a white precipitate composed of slender needles with greenish 
iridescence. It gives ofif its water at 100® 0. and explodes at a higher temperature. 

^iiurates of Iron, The/errw? salt, or is precipitated 

on adding dilituric acid to a solution of ferric chloride, in small, light yellow needles, 
nearly insoluble in cold, sparingly soluble in hot water. Between 110® and 120® C. it 
gives off its water and assumes a brick-red colour, and at a stronger heat it explodes. 

The ferrous ealtf C®fi<Fe''If*0‘®.16H*0, is formed on mixing dilituric acid with ferrous 
sulphate, as a white precipitate consisting of slender needles, and having a faint 
stareak of green. It is very sparingly soluble in water, and is not decomposed by dilute 
•ttlphuric acid. At 120® C. it gives off 6 at. water, becoming darit brown, and at a 
higher temperature it deflagrates. It also gradually loses its water when left over sol'* 
phurie add, but quickly recovers it on exposure to moist air. 

JHlUufate <f Lead is a yellowish white precipitate. 

Diliturates qf Botassiwn,^l!hB fwmopotaasic salt, C*H*KN*0\ is obtained W ft 
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whitft crystalline precipitate on adding hydrochloric acid to a solution of dilituric acid 
in potash. It is also formed on mixing dilituric acid with the solution of any potassium- 
salt, separating especially from dilute solutions in large cubes, which however do not 
appear to belong to the regular system. It is nearly insoluble in cold water, sparingly 
soluble in hot water, and contains no water of crystallisation. 

The dipotassic salt, C^HK-N»0*, which was examined bv Schlicper, separates in 
spherical groups of beautiful yellow needles on adding alcohol to the hot lemon-yellow 
solution of dilituric acid or of the ammonium-salt in potash-ley. It is insoluble in 
alcohol and in strong potash-ley ; water decomposes it partially, abstracting potash and 
converting it into the monopotassic-salt. When heated to a certain temperature, it 
decomposes, as observed by Schlieper, with slight detonation, and is resolved into 
cyanate of potassium, carbonic anhydride, and probably cyanic acid : 

C'HKWO* « 2CNKO + CNHO + CO«. 


It likewise explodes when moistened with strong sulphuric acid. The solution of this 
salt precipitates ferrous and cupric sulphates, but the iirecipitates consist, not of di- 
metaUic salts, but of mixtures of the acid potassium-salt with an acid diliturato of iron 


or copper. 

DUitiirates of Silver . — The monoargentic salt, C*H*AgN*0* 2H*0, is obtained by 
adding dilituric acid to nitrate of silver, and separates from soinf'wliat dilute solutions 
in weU-developod prisms. — When dilituric acid is added to a warm solution of acetate 
of silver, a yellow precipitate of triargentic salt is first formed : but this dissolves in 
excess of dilituric acid, and as the solution cools, the acid salt ci^stallises in colourless 
needles. It is sparingly soluble in cold, moderately soluble in hot water. When 
heated it turns yellow and decomposes with explosion. 

The triargentic salt, is produced on mixing dilituric acid witli excess of 

a hot solution of acetate of silver, as a lemon-yellow prtudpitate composed of needles, 
anhydrous and sparingly soluble in water. It explodes somewhat violently when 
heated, but not by percussion. 

DUiturate of C^H'*NaN*0* is most ea.‘<ily prepared by mixing the liot con- 

centrated .solutions of dilituric acid and acetate of sodium, and crystallises on cooling 
in long, colourless, silky noodles, forming an interlaced mass when dry. It may also be 
obtained by decomposing the barium-salt with sulphate of sodium. It dissolves easily 
in water, and effloresces when left over oil of vitriol. It appears to contain 4 at. water 
of crystallisation. 

BllTTHROMAWKXTlI (p. 504). — The following metliod of preparing this sub- 
stance is given by -V. de Luynes (Compt. rend. Ivi. 803). Krythric acid (p. 502) 
washed and drained is mixed with a quantity of milk of lime .somewhat le-^s than suffi- 
cient to decompose it completely, and heated for about two hours to 150° C. in a closed 
iron vessel ; the exclusion of the air during the reaction prevents the formation of a 
large quantity of resinous matter. The liquid, filtered to separate carbonate of calcium, 
and evaporated at u gentle heat, depo.sits orcin in fine crystals ; and the niother-hquors 
yield by further evaporation a crystalline miiss of orcin and erythromannite, from 
which the former may be dissolved out by ether. 

Erythromannite exhibits in a high degree the phenomenon of surfvsion, that is to 
say, it remains liquid when cooled a considerable number of degrees below its melting 
point. Heated with potash to 240° C. it is resolved into oxalic acid and hydrogen : 

4- 4H»0 « 2C^n-0* + 7H*. 


The aqueous solution of erythromannite in contact with platinum -black, absorbs 
oxygen so rapidly that the mass becomes incandescent; with a dilute solution, the action 
is less violent *and yields an acid. , , . , 

The iodide of tetryl formed by the action of hydnodic acid on ciythromannite 
(p. 695) acts strongly on acetate of silver, yielding tetrylene and acetate of tetryl. The 
latter when decomposed by potash yields tetrylie alcoliol, identical with that obtained 
from tetrylene, not with that produced by fermentation (De Luynes). (See Teteyeio 
Alcohol.) 

BTBTJbf ZOBZBB Ol* (p. 633). — Messrs. Kieth andBeilstein (Ann. Ch. 
Phann. ocxtI 260) prepare this compound by introducing into a flask 10 pts. of amor- 
pilous phosphorus, 60 pts. alcohol of 90 per cent., and l^J 

miiturl to iW for 24^our8. and then distilling. The distallate thus obtained is but 
slightly contaminated with free iodine, and yields rery nearly the theoretical quantity 
of iodide of ethyL 

HTSnnbf PROTOBintPHlBB OF (p. 646). — This compound, heated with 
fuming nitric acid, dissolves, with evolution of red vapours, but without forming a t^e 
of rolphiiric acid; and the solution evaporated nearly to a syrup, sohdifles on cooling 
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to a etj^atalliM mass, cooaistingof di6thylBuI|)hoQe CH'^SO* (analogous to 8u1< 
phobenzide C'^H'^SO’), This compound c^stallises easily fiom Tatar or alcohol, in 
thin, colourless, tabular crystals sereral inches long; melts at TO^’C.; boils at 248°; offers 
great resistance to the action of oxidising substances. It may be distilled unaltered 
^m faming nitric acid. Nascent hydrogen reduces it to protosulphide of ethyl. 

With nitric acid of specific gravity 1‘2, a different action takes place, the sulphide 
dissolving easily at ordinary temperatures, without much evolution of gas, and losing 
its penetrating odour. The product formed appears to be analogous in composition to 
nitrate of tellurethyL The solution gentlv heated with ferricyanide offotmim and 
free alkali, yields on cooling crystals which appear to consist of diethylsnlphone.— The 
same solution reduces ohroinate ofptimium, the liquid on cooling depositing rhombic 
tables, the composition of which has not yet been determined.— IVric eUoride added 
to the nitric acid solution produces an abundant separation of oily drops which 
solidify in the cmtallino form on cooling, and probably consist of dichlorido of 
sulphethyl (C‘H*)'%01*, analogous to dichlorido of selenethyl. (A v. Oefele, Ann. 
Ch. Pharm. cxxvii. 370.) 

HTBTXiBingh XOSOCBftORISB or. C^'H^CU.-This compound, described at 
p. 679, 08 obtained by the action of chloride of iodine on iodide of ethylene, is likewise 
produced by the action of chloride of iodine on ethylene-gas, namely by passing this 
gas through an aqueous solution of chloride of iodine, w-ashing the red oil which falls to 
the bottom with caustic potash, and distilling. That which passes over above 146° C. 
is iodochloride of ethylene. 

This compound has a density of 2161. Ilealod with alcoholic potash, it yields 
iodide of potassium, and gives off a gas burning with a green-edged fiume, probably 
chloretbylene, C'H’Cl. 

Tritylene obtained from glycerin yields in like manner iodochloride of tritylene. 
(Maxwell Simpson, Proc. Boy. Soc. xii. 278 ; B6p. Chim. pure, 1863, p. 600.) 

XIVOBTIC ACID. (Scheuch, Ann. Ch. Pharm. exxv. 14.}— An 

acid obtained by the action of carbonic anhydride on eugenate of sodium : 

C“H"NaO» + CO» - C‘'H"NaO‘. 

Eugenate of Eugetateof 

lodlum. lodium. 

Sodium is dissolved in eugenic acid contained in a retort through which a current of 
carbonic anhydride is passing, the action being assisted towards the end by a gentle 
heat. The cooled mass dissolved in warm water and heated with hydrochloric acid, 
yields an oil which is a mixture of eugenic and eugetic acids. It is agitated severul 
times with solution of carbonate of ammonium, and evaporated with ad^tion of carbo- 
nate of ammonium; hydrochloric acid is then added, the liquid shaken up with ether, 
the ethereal solution evaporated, and the crystalline residue rocrystallised from boiling 
water. Theproductisnot very abundant. 

Eugetic acid crystallises from its hot aqueous solution in long colourless prisms. It 
melts at 124° C., is sparingly soluble in cold water, very soluble in alcohol and ether, 
Its solutions have an add reaction. The aqueous solution is coloured blue by ferris 
chkida. The acid is losolved by heat into eugenic acid and carbonic anhydride, 
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Cyanide of Yttrium 
Cyanide of Zinc .... 

Cyanine .... 

Cyanite (s. Kyanite). 

Cyanochrome .... 

Cyanoform ? 

Cyanogen 

Cyanogen, Acetate of . . . 

Cyanogen, Benzoate of ? 

Cyanogen, Bromide of . 

Cyanogen, Chloride of . 

J. Gaseous Chloride 

CotniK)unds with other Ohio 
rides .... 

2. Liquid Chloride . 

8. Solid Chloride . 

Chlorocyanic oil . . 

Cyanogen, Detection and Estimation 
(.’yunogeu. Iodide of . . . 

Cyanogen, Sulphydrates of . 
Cyanogen, Sulphide of (s. Sulphocyani 
Anhydride). 

Cyano'il . . . , . 

Cyauolite 

Cyanosite 

Cyaiiotoluidine (s. Cyanobenzylamine 
i. 576). 

Cyanotrichite .... 
Cyanous acid .... 
Cyanuramic acids .... 
Ainmelino .... 
Melanurenic acid . 

’Animelido .... 
Cyanurnmide; Mdamint 
Cyanuric acid .... 

, Cyaniirates . . . 

Cyanuric Ethers .... 
Triethylic Cyanurato 
Diethylic Cyanurate 
Cyanurate of Methyl 
Cyanurate of Phenyl 
Cyanurin . . 

Cyanyl 

Cyanylic acid .... 
Cyclamen europ<eam . 

Cyclamin 

Cyclaminetin .... 

Cyclopite 

Cymene or Cymol 

Nitrocymene .... 
Dinitrocymene 

Cymene, Bromide of . . . 

Cymene, Chloride of , 
Cymene-sulphuric acid (s. Cymyl-su 
phurous acid). * 

Cyinid . , . . 

Cymidine (g. Cyrnylamine). 

Gy min (a. Cymene). 


Cyminic acid (s Cuminic acid). 
Cyraoglycol (s. Cumoglycol, p. 181). 
Cymol (8. Cymene). 

Cymophane (s. Chi^'soberyl, i. 968). 

Cymyl 

Cymylamines 

Cymyl -dithioiiic acid (s. Cymyl-sul- 
phnrous acid). 

Cymylic Alcohol ..... 
Gymyl-sulphorous acid .... 

Gynapine 

Cynene 

Cynodine 

Cynosurus cristatus .... 
Cynurenic acid (s. Kynurenic acid). 
Cyperus esculcntus .... 

Cyprin (s. Vesuvian). 

Cypripedin 

Cystine 

Cystinoid tubercles .... 

Cytisine 


Dactylis ...... 

Dadyl 

Daedalia quercina 

Daggod (s. Birch-tar, i. 589). 
Daguerreotype (s. Light, Chemical 
action of). 

Dahlia .... . . 

Dalanouite (s. Delanovite). 

Dalarnite 

Daleiochin or Thalleiochin . 
Damaluric and Damolic acids 
Damascus Steel (s. Iron). 

Dammara resin, Australian . 

East Indian . . . 

Damnmric acid (s. Dammara resin, 
Australian). 

Dammarin (s. Dammara resin, East In- 
dian). 

I Dainmarol ^ ) (s. Dammara resin, Aus- 
I Damniarone j traliaii). 

Daminar-puti -j . _ Dammara resin, 
Uaminarv East Indian). 


Daminar-puti ) j 

Dammaryl I * ] 

Dammarylic acid j 
Damourite 
Danaite . . . 

Danburite . • 

Dannemorite . 

Daphnetin 
Daphnin • 

Dapicho . • 

Darwinite 

Dassipis (s. llyraceum). 
Dates . . 

Datholito 
Datisca caniiabina 
Datiscetiu 
Datiscin 

Datolite (s. Datholite). 
Datura . 

Daucus Carrota . 
Dauphin ite (s. Anatcue) 
Davidsonite . f 

Davy Lamp (i. 1101). 
Davyne . • 

Davyte (s. Slypterite), 
Decantation . • 

Dechenite 
Decoction . • 



XU 


310 


811 


812 


814 


PAOR 

Pecrepitatioa • • • • • 808 

Decoloriineter 

Decomposition (& Chemical Affinitr) 
i. 868). 

DegeroUe or DegerOelte 
Delamba • • 

Delnnorite • 

Delessite . • 

Deliouescence 
Deipnin • • 

Deiphinic acid 
Delphinine • 

Delphinite (s. Epidote, p. 

Delphinium • • 

l)elphinono (s. Valerone). 

Delvauxite • 

Deinidoihte . . 

Dendrachates 
Dendrites 
Deoxidation . 

Dephlegination 
Dephlogistication . 

Depilatories . « 

Dermatin . 

Density (a. Specific Gravity). 

Desclolzite .... 

Desmin (a. Stilbito). 

Desoxalic acid (s. Kacemo-carbonic acid). 
Detonation ..... 

Deu to* compounds .... 

Devonite (a. Wavellite). 

Deweyllite 

Dextrin • • . « • 

Dextrin-sugar .... 
Dextrin-syrup (s. Dextrin). 

Dextroracemic or Dextrotartaric acid 

Diabase 

Diabetic sugar .... 

Diaclasite 

Diadoi'bite 

Diagometer ..... 

Diagonite (s. Brewsterite, I 663). 

Diagiydium 

Diallage 

Diallauite, Diall^ite, or Dialogite 
Diallyl-urea (s. Carbamide, i. 754, and 
Sinapoline). 

Dialuramide • • . • 

Dialuricacid .... 

Dialysis .... 

Diamagnetism • . 

Diamond . • • • 

Diana . . • . . . 

Dianic acid • • • • 

Dianite . . • 

Diapbanite (s. Dipbanite). 

Diaptaorite .... 

Diaspora • • • • 

Diastase . . • • 

Diastase, animal • • . 

Diostasite . • 

Diaterebio acid (s. Terebic acid). 
Diathermanous 
Diazo-compounds . ' . 

DicbrpYsm .... 

DiobroTte . . « • 

Di-componnds . • 

Dictamnos albas . 

Didrimite or Didymite 
Didymium .... 

Dldymium, Chloride of 
Didymium, Detection and Estimation of •— 
Dldymium, Oxides of . • .822 


315 


316 

817 

318 

3X9 


820 


821 


FAOl 
• 82! 


B2i 


827 

821 


829 


330 


830 and 965 
. 331 


Dif^mium, Sulphide of • 

Diffluan 

Difiliaion * • . • 

Diformene or Biformene 
Digenite .... 

Digester or Digestor . * 

Digestion .... 

Digestion, Animal • . 

Digestive Salt . . . 

Digestor (s. Digester). 

Digitalacrin . . 

Digitalein . . , . 

"Digitaletin ...» 

Digitalic acid 

Digitalicrin (s. Digitalacrin). 

Digitalin .... 

Digitalin-fat (s. Digitalacrin). 

Digitaliretin .... 

Digitalis .... 

Digitalissic acid (s. Digitalis). 

Digitalosmin .... 

Digitoleic acid 

Dihydrite .... 

Dilatation (s. Heat). 

Dilatometer .... 

Dilituric acid .... 

Dillnite ..... 

Dill, Oil of .... 

Diinagnetite ... 

Dimetaphosphoric acid (s. Phosphorus, 
oxygen* acids of). 

Dimopphine .... 

Dimorphism and Trimorptrism 

Dinite 

Diuitraramony I and Dibromonitracetoni- 
trile (8. Trinitracetonitrile). 

Dinitroethylic and Dinitromethylic acids 
(s. Nitrous ethers). 

Diopside 
Dioptase . 

Diorite * , . 

Dioscorea . . 

Diosma crenata 
Dioxylite (s. Lanarkite). 

Dipbanite . 

Diphenin 

Diplobase (s. Alstonite, i. 

Diploite . • 

Dippel’s oil . . 

Dipyre , 

Disacrone 
Dlsacryl 

Discrasite (s. Antimonial Silver, i. 317), 
Disomose (s. Nickel-glance), 

Disterrite (s. Clintonite, i. 1026). 

Disthene (a. Kyanite). 

Disinfectants ...... 337 

Distillation .... 

Distillation, Dry or Destructive 
Disulph-anisolic, -benzolic, -etholic, -me- 
tholic, and -propolic acids (s. Sul' 
phurous ethers). 

Ditetryl .842 

Dithionic acid (s. Sulphur, Oxygen^ acids 

oO* 

Diuret (s. Biuret, 1. 600). 

Divi-divi 

Docimasy . . 

Doeglal . • 

DoegUo acid . * 

Doegling Train* oil 
Dog-tooth spar 
Dolerin . . • 


149). 


834 


335 


836 


848 



THE SECOND VOLUME. 975 


Doltrite • • . • 

Dolomite • • 

Dome • • • • 

Domeykite • 

Domite • • • • 

Donaria • • • « 

Dopplerite^ ... 

Dracenine, Dracine, or Draoonine (s. Dra 
gon*8 Blood). 

Draco mitigatoi . . • . 

Dracol . . . ... . 

Draconic add (a. Anisic add). 

gS£t}c- 

Draconyl 

Draconyl or Dragonyl, Chloride of 

Dragonic add (s. Anisic acid). 
Dragon’s Blood 
Drawing-slate 
Dreelite .... 

Drupocin . . 

Druse .... 

Dryabalanops Camphora 
Drymis Wiiiteri . 

Dschut (s. J ute). 

I)ucktownite . • • 

Ductility , , , 

Dufrenite . . • 

Dufrenoysite 

Dulcamarin .... 

Dulcarin (s. Bittersweet, i. 600) 

Dulcin (s. Dalcite\ 

Dulcinan (s. Dulcitan). 

Dulcitan . • , 

Dulcitanides 

Benzo , Butyro-, and Stearo 
citan . " . 

Dulci tartaric acid . 

Dulcite and Melampyrite • 
Dulcitates 

Hex- and Tetra-nitrodulcite 
Dulcisulpburic acid. - • 

Dulcose (s. Dulcite). , 

Duniasin . , 

Dumasite .... 
Dumerillia • . , , 

Eyeing . , . 

Action of Mordants 
Steam-colours 
Pigment printing • 

Red dyes • . , 

Blue dyes . . • 

Yellow dyes .... 
Crimson, Pink, Chenv-colour, 
pie, &C. : Antline-ifyei 
Green dyes 

Browns, Greys, and Blacks 
Dyhenyles .... 
Dyotriyles . , , , 

Dyoxylite (s, Lanarkite). 
pysclazite (s. Okenite). 
pyakolite (s, Saussurite). 

py«>uite 

pyslysin 

p.vslyle (s. Eulyte, p. 606). 

pyslytite 

Dysnite or Dyssnite (s. Rhodonite). 
p.v*»odyl . . : 


PAQB 

848 

344 


845 


846 


847 


dul- 


Pur 


848 


350 

351 


352 

854 

355 

356 

858 

859 

860 


E. 


E»rth» 

FAGS 
• 860 

iSSMiSaneseJO-W-d). 

Eau de Cologne .... 

. 861 

Eau de Javelle .... 

Eau de Luce 


fiblanin (s. Pyroxanthin). 

Ebonite 


Ebony 1 


Ebullioscope 


Ebullition (s. Heat). 

Ecgonine 4 . . . . 


Echinites 

_ 

Eclogite 


Eddoes . , . ' . 

- ■ , 

Edelforsite or iEdelforsfte 


Edelite .... 

! 863^: 

Edenite 


Educt 


Edulcoration 


Edwardsite (s. Monazite). 
Kifervesccnce . . , , 


Efflorescence 

. 

Egeran (s. Idocrase). 

Egg 

. 863 

Eggs of Birds. 

Changes of the egg during ir 


icu- 

bation .... 

. 8G4 

Eggs of Fishes . • 

. 365 

Eggs of Reptiles . 

. 866 

'Eggs of Arachnida and Insects 

, 

Eggs of Moll usca . 

• — 

Ehlite 

. 367 

Ehrenbergite ..... 


Ekbergite 

, — 

Elaene 


ElaeoUte 


Elaeoraeter 

— 

Elaeoptene 

. 368 

Elaeosaccharum .... 

• — 

KlaSrin 

. — 

Elaic acid fs. Oleic acid). 

Elafdic acid 


Elaldic ethers .... 

. •— 

Eluldin 

— 

Elain (s Olein). 

Elain-phosphorio and Elain-sulphuric 

acids (8.0Ieo* phosphoric and oleo -2 

)Ul- 

phuric acidsY 


Elaiodic acid (s. Ricinoleic acid). 
Elaiometer 

. 369 

Elaldehyde 


Elaone (s. Oleone). 

Elasmose 


Elastic Bitumin (s. Elaterite). 
Elastic tissue 


Elasticity ..... 

. — 

Elasticity of Gases . 

. 870 

Liquids 

. — 

Solids . 

. 372 

Elaterin 

. 873 

Elaterite 

. 874 

Elaterium 

— 

Elatbin 

— 

Elatin (s. Elaterin). 

Elayl (s. Ethylene). 

Elecampin (s. Inulin). 

Electricity . • _ . • . • • 






JJSTDEX TO 


Electrlcitj! 

Theoiy of Electricity 
Electrical Machines 
Electroscopes and Electrometers 
Laws of Electric Attraction and Re 
pulsion . « . . 

Distribution of Electricity 
Quantity and Intensity of Charg 
Development of Electricity by In 
d action or Influence 
Electrophorus . , , 

Condenser .... 

Coated Plate and Leyden Jar 
Unit-jar .... 

The Electric Discharge . 

Discharge throngli Air and other 
Gases ; the Wectric Light • 
Spark, Brush, and Glow . 

Dark discharge 
Discharge in Rarefied air 
Discharge in different Gases . 
Luminous discharge in Liquids 
and Solids .... 
Duration of the Electric Light 
Velocity of the Electric discharge 
Mechanical and Thermic effects 
of the Electric discharge 
Chemical effects of the Electric 
discharge .... 
Magnetic effects of the Electric . 
discharge .... 
Molecular Theory of Electric action 
Theory of a Single E^Iectric fluid . 
Development of Electricity by Me- 
chanical action : 

1. By Friction .... 

Friction of Good Conductors 

2. By Pressure .... 
fl. By Cleavage and Separation of 

Surfaces .... 

4. Bj' Vibration .... 
Development of Electricity by Heat : 

1. In Crystals. Pyro-electricity . 

2. In Good Conductors. Thermo- 

electricity .... 
Development of Electricity by Che- 
mical action : Galoanic or Vol- 
taic Electricity 

1. By the Chemical action of Li- 
quids on Solids ; Voltaic 
Battery .... 
Simple Voltaic circuit or Vol- 
taic couple 

Compound Voltaic Circuit; 

Voltaic Pile or Battery . 
Constant Batteries 
% B3^ the Chemical action of Solu- 
tions one upon the other 
BecquerePs Oxygen-circuit 
8. By the Mutual action of Gases 
and Liquids ; Polarisation, 

Gob ' batteries, . . 

Grove’s Gas-batteiy . 

Passive state of metals 
4. By Combustion 
Chemical Effects of ihe Electric Cur- 
rent: Electrolysis . 

Positive and Negative Elements 
or Radicles .... 
Relation between Conduction and 
Decomposition. 

Secondary Products of Electro- 
lysis — 

Electrolytic reduction of metals . 437 


PAOB 

877 

878 
880 

881 

882 

883 

884 

885 

386 

388 


389 

390 

891 

893 


395 

307 

398 

399 
404 


405 

406 
409 


410 

411 

412 


414 


415 

422 

424 

427 

428 


429 

430 

431 

432 


435 


Electricity: 

Electrolysis : 

Law of Definite Electrolytic action 
Relations between the Quantity 
and Intensity of the Current 
and its Decomposing power 
Magnetic action of' the Electric 
Current : Electro-magnetism , 
Galvanoscopes and Galvanome- 
ters 

Action of the Magnet upon the 

Current 

Mutual action of Electric Cuirenta 
Amphre’s Theory of Magnetism 
Magnetisation by the Electric 

Current 

Electro d3riiamic Induction : Mug- 
netn-eketridiy .... 
Induced currents of higher orders 
Theory of Electro-magnetic In- 
duction ... 

Magneto- electric machines . 
Induction coil .... 
Measurement of the force of Elec- 
tric Currents .... 

, Ohm’s Formulas 

The Tangent Galvanometer or 
I’angent Compass . 

The Sine Galvanometer or Sine 

Compass 

Comparison between the Mag- 
netic Galvanometer and the 
Voltameter .... 
Reduction of the force of the 

Ellectric Current to Absolute 
Mechanical Measure 
Electric resistance of Conductors 
The Rheostat or Current -regu- 
lator ... 

Conducting powers of metals, &c. 
—Heating Effects of the Electric 
Current , , , . , 

Light produced by the Electric 
Current . . . , 

Physiological action of the Electric 
Current : Animal Electricity , 
General Law of Nervous Exci- 
tation by the Current 
The Muscular Current . . 

The Nervous current , 

Electric Fishes .... 

Development of Electricity in 
Plants ...... 

Electricity, Atmospheric . , . 

E^lectrodes 

J^lectro-dynamics 

Electrolysis • . \ , 

Electro-magnetism . . , . 

Electrometer 

Electro- motive Force .... 

Electromotor 

Electro-negative, and Electro-positive 
Eloctro-nitrogurets .... 

Electrophorus (p. 385). 

Electro-plating . , , , . 

Electroscope ...... 

Electrotype . . . . . 

Electmm . . . . , 

Elementary Analysis (s. Analyslsi Or- 
ganic, i. 225). 

Elements . , ... 

Elemi . . . , , , i 

Klemin . . , . , . • 

Elephant’s Fat . . ... 


pagb 

438 

440 

442 

443 

444 
440 

447 

448 

451 

453 

454 

455 

458 

459 

460 
4C1 


462 

463 

464 
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467 
471 
473 


474 

476 


478 

481 


482 
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R?epliatit’fl Urine . 

Glhuyarite • 

R liquation 
Rliasite • . . 

Kliagic acid • 

Klutriation • • 

Jlinbolite . • 

Kmbrithite 
Kmerald 
j'-inernld Nickel 

JOnieraldine (see Dyeing, p. 868), 

Kniery . 

Einerylite . « * 

Emetine . • 

Emmonite 

J'iiiUKlin . . . 

Kmplectite . • 

Kinpyreuma • 

Emiiislc acid . 

Emul.sin . . . 

I'.mulsion 
Emyiliii . 

Emilloehromc (s. Aesculin, i. 60). 

Emimel . 

Knaigite 
Enccladite 

Kiideilionite ("s. Bournonite). 

Endive . . 

Kndomaderm (s. Ghitin). 

Endopliacin . 

Endoamose (s. Osmose). 

Kngelliardite (a. Zircon). 

Enstatite . . 

EoYdin . 

E[)liesite . . 

Epibromhydrin (s. Bromliydrins i. 667), 
EjiiclilorbVdrin (a. ClorhyUrins 1 894; 
al.so ii. 898). 

Epiclilorite . . • . . • • 

E})i<rlilorobromhydriti (ii. 899). 
Eidderinis of Animals (a. Horny 

I’isHue) 

Epidermis of plants , , • • 

Epiderinose (s. Horny Tissue) 
Epideamine (s. Kpislilbite). 
Kpidibrombydrin (ii. 899). 
EpidiclilorhyArin (a. Cliioi hydrins, i. 894; 

also ii. 899). 

Epidote . , 

Epiglaubito , 

Epi-iodhydrin (ii. 898). 

Epsoinite or Epsom salt 

Epiatilbite 

i^uationa, Chemical (a. Notation) 
Equisetic acid (a. Aconitic icld). 
Equiaetum ... 

EiiuivalenU . 

Erbium . , , . 

Eremacausia , , , 

Erdmannite . 

Eremite .... 

Ergotine , , , 

Erica carnea .... 

Erica vulgaris (a. Calluna, 1. 722). 
Ericaceae , . , 

Ericinol 
Encinone 

Ericolin . . , 

Erinite . 

Eriophnrum vaginatum 
Entaiinic acid 
Erlanite * , 

Vou U. 
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484 


486 


48G 


487 


488 


489 


491 


496 

497 
499 


600 

601 


Erubeacite ... , 

Erucic acid 

Enicin 

Krvuiii Lons (s. Lentil). . , 

Eryglncin (s. Erytlironmnnite) 
Kry|»ierin (s. Picroerytliriii, p. 503). 
Erysimum AlJiariu 
Erythraraiu ..... 

Erythretin 

Ery til relic acid .... 
Erylhric acid or Erythrin 

Picroerythrin , 

Erj’thrine (s, Cobalt-bluom, i. 10.57). 

Eryihrito 

E>ythrobetic acid .... 
Erytliroilaiium .... 

Erytlirogeii 

Erytlirogonic acid .... 
Erythrogluci-suljdjuric acid (a. Ery 
^ thromanni-siilpluiric acid, p. 506). 
Krytliroglucin (a. Erythromaniiitc). - 
Erythroleic acid . " . 

Er^'throlein or Krytlirolitmin 
Erytlirolesic acid (s. Erythretic acid). 
Erythrolic acid . . . . , 

Erytliroinannite . . . 604 

Nitro- erythroin.annite 
Erythroniannitic ethers . 

Erythronium 

E>ythrophyll ..... 
Krytliroprotide .... 

Erythro retin 

Erythroso 

J'>yth rosin 

ErythroxyJino .... 
ErythroxyJon Coca (a. Coca, i. 1059). 

Erythrozyme 

Erythrylin 

Eschcrite 

Kscliholtzia califoriiica , 

Escliwegite 

E^aciilin (s. Aesculin), i. 60. 

Kseiibcckiue • . . • • 

Ksmarkite 

Esparsette (s. Hedysarum). 

ICsrur 

ICssences • * • • • 

Ksseuite . . . . 

Ester ...... 

Etiial (s. Cetylic Alcohol, i 841). 
Etbulic acid (s. l^almitic acid). 

Etbalol 

Ethalene (s. Palmitene). 

Ethal.vl 

Ethainide, Ethamine, Ethaminine . 
Ethaminc-sulphuric acid (a. Sulphe- 
tliainic acid) 

Ethenc (a. Etuylene). 

Eriionidea .... 

Ether 

Etherene (a. Ethylene). 

Etherification 

Etherin and Etherol . . 

Etherinatnone . • • 

Eiheriplatinic acid . • 

Etherol (a. Etherin). 

Etherone , . . • 

Ethers . . . • • . 

Ethers containing Monatomic Alco- 
hol •radicles : 

1. Oxidoa .... 

2. Sulphides, Selenides, Tellu- 

rides • • • 


TAOS 

601 


502 


5o;; 


504 


nd H67 
605 

506 


607 


608 


610 

611 


8 E 
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Ktbers—containing Moimtomio Alcohol* 
radicles ; 

8. Oxygen-salts : 

0 . Containing Monatomic Acid- 
radicles .... 512 

b. Containing Diatomic Acid- 
radicles .... 514 

c. Containing Triatomic Acid- 
radicles .... 516 

4. Haloid Salts of Monatomic 
Alcohol-radicles ... — 

Ethers containing Diatomic Alcohol- 
radicles; Otycol-ethers i 

<1. Oxides 517 

2. Oxygen-salts .... 518 
8. Haloid-salts .... 519 
Ethers containing Triatomic Alco- 
hol-radicles — 

Ethers contaiaing Tetratomic Alco- 
hol-radicles 521 

Ethers containing Hexatomic Alco- 
hol-radicles — 

Polyethylenic, Polyglyceric ethers, 

&C. 522 

Ethers, Acetic 523 

Ethers, Bromhydric or Hydrobromic . — 

Ethide, Boric (see Ethyl, Boride of, p. 526). 

Ethionic acid — 

Kthionic Anhydride . . . . 

Ethyl 524 

*Ethyl-amyl ..... 526 
Ethyl-tetryl . . . . . — 

Ethyl, Antimonides of (s. Antimony- 
radicles, Organic, i. 839). 

Ethyl, Arsenides of (s. Arsenic-radicles, 
Organic, i. 397). 

Ethyl, Boride of : Borethyl . . . — 

Ammonio-borethyl .... 526 
Oxide of Borethyl .... 527 
Dioxethylo-borethyl and Dioxhy- 
dro-borethyl . . . . — 

Ethyl, Bromide of . • . . . 528 

Ethyl, Chloride of — 

Chlorinated Derivatires of Chloride 

of Ethyl 680 

Monochlorinated Chloride of Ethyl 531 
Di-, Tri-, Tetra-, and Per-chlon- 
nated Chloride of Ethyl . . 532 

Heavy Hydrochloric ether , . — 

Ethyl, Chloroplatinate of . . . — 

Ethyl, Chlorosulpbate of . . . — 

.Ethyl, Cyanide of — 

Ethyl, Flnoride of 538 

Ethyl, Hydrate of (s. Alcohol, i. 72). 

Ethyl, Hydride of — - 

Ethyl, Iodide of . . . 533 and 967 

Ethyl, Nitrides of (& Ethylamines). 

Ethyl, Oxide of: Ethylio €ther . . 586 

Chlorinated and Sulphuretted Deri- 
yatives of Ethylic ether : 
Honochlorethylic ether . . 540 

Dichlorethylic ether . • • — 

Sulphethylic ether . . . 541 

Chlorosufphetbylic ether . . — 

Perchlorethylic ether . . . — - 

Perchlorobromethylic ether. . — 

Doable Ethers containing Ethyl: 
Ethylatt9 '. — 

Ethylate of Amyl (i. 206). 

Ethylate of Cetyl fi. 842). 

Ethylate of Benzylene (i. 578). 
Ethylates of Ethylene (ii. 579). 
Ethylate of Methyl . . . 542 


^ PAG* 

Ethyl, Oxide of— Ethylates t « 

Ethylate of Octyl . • * 642 

Ethylate of Potassium . — 

Ethylate of Sodium . . 643 

Ethylate of Tetryl . . . ^ 

Ethyl, Phosphides of (s. Phosphorus- 
bases). 

Ethyl, Plumbides of (a. Plumbethyls). 

Ethyl, Selenhydrate of . . . . — 

Ethyl, Selenide of 544 

Ethyl, Stannides of (s. Stannethyls). 

Ethyl, Sulphides of 

Protosulphide. • . 545 and 967 

Compounds of EthvHc Sulphide 
with Metallic Chlorides : ilfer- 
cury atidpifttinum-compounda . — 

Chlorinated Derivatives of Etby- 
lic Sulphide : 

Di- and IVi-chlorethylic Sul- 
phides — 

Tetra- and Per-chlorethylic 
Sulphides .... 546 
Disulphide of Ethyl . , , — 

Tri- and Penta-sulphides . , 547 

Ethyl, Sulphydrate of . . . . — 

Sulphcthylates, or Mercaptides . 548 
Zeise’s Indifferent Sulphuretted Oil 549 
Ethyl, Telluride of, or Tellurethyl . 660 
Salts of Telhiretbyl . , . — 

Etbylacetamide . . . • . 652 

Ethyl-diacetamide ... — 

Ethylamines and Ethylamrooniums • — 

Ethylamine 653 

Salts of Ethylamine . . . 666 

Substitution-products of Ethyla- 
mine : 

Dichlorethylamine . • • 558 

Dibromethylamine . . . 

Di-iodethylamine . . , — 

Diethylamine — 

Tricthylamine • . . .569 

Triethy l-carbotriamine, or Triethyl- 
cyanodiamine • . . .660 

Diethyl-ainylamine . • . — 

Tetrethylammonium • • .561 

Triethylamylammonium . . 663 

Triethyl oxethy I -acetyl-ammonium — 

Trielbyloxacetyl-ammonium — 

Ethylanimoniuin (s. Ethylamines). 
Ethylamyl (s. Ethyl, p. 626). 

Ethyls mylcitric acid . . • ,564 

Ethylamylic ether (i. 206). 

EthylaniJine (s. Phenylamines). 

Ethyl-bases (s. Ethylamine^ Ethyl- 
arsines, -phosphines, &c. 
Ethyl-benzylamine (a. BeUzethylamine^ 
1.676). 

Ethyl-bromaniline (s. Phenylamln^ De- 
rivatives of). 

Ethyl-butylic ether (s. Ethyl, Oxide di 
V. 543). 

Etnyl-cacodyl (s. Arsendfethyl, 1 897). 
Ktbyl-carbamic acid Carbamic acio, 
i. 751). 

Ethyl-carbamides . . . • • 

Ethyl-chloraiiiline (s. Phenylamlncii 
Derivatives of). 

Ethyl-codeine (s. Codeine h 1068). 
Kthyl-conine (s. Conine, ii 6). 
Ethyl-eyanamlde (s. Cyanethy]api{<!te)f 
Ethyl-oyananiltne (s. Pticbylaniiii^ 
rivatives of)* ^ 

Btbyl-diacetamide (i>» 959)* 
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fithyl-dithiofflc acid (s. Sulphurous Ethylene-phcnylamines (s. Phenyl- 
ethers). amine). 

Ethylene . . . . • • . 565 Ethylene-phosphines (a. Phosphorus- 

Ethylene, Acetates of : bases). 

Monoacetate . . . • . 566 Ethylene-succinic acid (p. 582). 

Monethylenic Diacetate . . . 567 Ethylene -sulphuric acid (p. 682). 

Polyethylenic Diacetates . . — Ethylene-sulphurous acids (s. Sul- 

Ethylene, Acetobutyrate of . . . 568 phurous ethers). 

Ethylene, Accto-vaicrate of . • . — Etnyleiic-tetraniuies and -triamines 

Ethylene, Acetoxychloride of . . — (p. 688). 

Ethylene, Acetoxyiodide of ... — Ethylene- ureas (s. Ethyleuc-carbamides 

Ethylene, Benzoate of . . . . — p. 695). 

Ethylene, Bromide of . . . . 669 Eiylidene ...... 598 

Brominated Derivatives of Bromide Bromide, Chloride, and Oxychloride 

of Ethylene .... 670 of Ethylideue .... 699 

Ethylene, Butyrate of . . . .671 Chlorethy late of Ethylideue . . 600 

Ethylene, Butyroxychloride of . . — Ethyl -formaraide (s. Formamide). 

Ethylene, Chloride of . . . — Ethyl-formyl — . 

Chlorinated Derivatives of Chloride Ethyl-plycocine (s. Glycocine, p. 905). ' 

of Ethylene 673 Ethyl -glycollic acid (s. Glycollic ethers. 

Ethylene, Chloriodide of . . . 674 p. 916). 

Etliylene, Cyanide of . . . . Ethyl-hemipinic acid (s. Ilemipinic 

Ethylene, Dibrotnide, Dichloride, and ethers). 

Di-iodido of (a. Ethylene, Bromide, Ethylia (s. Ethylamine). 

Chloride, and Iodide of). Ethylides or Ethides . . . , 

Ethylene, Ethylates of . . . . — Ethyl-lactic acid (a. Lactic ethers). 

Ethylene, Hydrates of, or Ethylenic Al- Ethyl-malic acid (s. Malic ethers). . 

cohols — Ethyl -meconic acid (s. Meeonic ethers). 

Monoethylenic Alcohol : Glj/col . — Ethyl-mellic acid (s. Mellic ethers). 

Ethylenatea of Sodium . . 676 Ethyl-mercaptan (s. Ethyl, Sulphydrate 

Polyethylenic alcohols . , . — p. 647). 

Ethylene, Hydroxybromide of . . 677 Kthyf-methylamines (s.Methylaminea). 

Ethylene, Hydroxychloride of . . — Ethyl-methyl-coninium(s.Coniiie,p.l09). 

Ethylene, Hydroxyiodide of . . . 678 Ethyl-methylic ether (s. Ethyl, Oxide 

Etliylene, Iodide of . . . . — ol^ p. 642). 

Ethylene, lodated ..... 579 Ethyl-morphine (a. Morphine). 

Ethylene, Todochloride of , 679 and 968 Eitliyl-mucic acid (s. Mucic ethers). 

Ethylene, Oxide of .... 679 Kthyl-nicotine (s. Nicotine). 

Dioxethylene 680 Ethyl-nitraniline (s. Nitraniline, under 

Compound of Ethylenic Oxide Phenylamines). 

with Aldehyde .... — Ethyl-nitrophenidine (s. Phenic ethers). 

Sthylene, Oxybromide of . . • — Ethyl-octylic ether (s. Ethyl, Oxide of, 

ithylene, Oxysulphide of , . • — p. 642). 

Dioxysulphide of Ethylene . . 681 Ethyl-oxacetic acid (s. Glycollic ethers, 

Sthylene, Oxysulphydrate of , , — p. 916). 

Diethylenic Oxysulphydrate . . — Ethyl-oxalic acid (s. Oxalic ethers). 

Ethylene, Stearate of ... . 582 Ethyl-oxamic acid (s. Oxaniic ethers). 

Ithylene, Succinate of . . . — Ethyl-oxamide (s. Oxamide). 

'.th3dene, Sulphate (acid) of . . . 582 Ethyl-paratartaric acid (s. Paratartaric 

Ithylene, Sulphides of . . . . — aci<l). 

Ithyleno, Sulphites of . . . . 683 Ethyl-phenylamines Phenylamines). 

Ithylene, Sulphobromide of . . . — Ethyl-phosphines (s. Phosphorus-bases), 

ithylene, SiUphochlorides of . • . — Ethyl- phosphoric and -phosphorous 

ithylene, Sulphydrates of . . . 685 acids (s. Phosphoric and Phos[)horous 

thylene-basea — ethers). 

Diamines — Ethyl-picoline (s. Picoline). 

Ethylene-diamines containing mon- Ethyl-piperidine (a. Piperidine), 

atomic and Diatomic Alcohol- Ethyl-pteritaimic acid (s. Pteritannic 

radicles * 687 acid). 

Ethylene-triamines . . . . 688 Ethyl-pyridine (s. Pyridine). 

Ethylated Ethylene- triamlnea . 690 Ethyl -quinine (s. Quinine). 

Ethylene-tetraminea . , . 691 Ethyl -selenhydric acid (s. Ethyl, Selon- 

EthylatedTetrammoniums. . — hydrate of, p. 643). 

Monatomic Bases produced by the Ethyl-sinamine (a. Sinninine). 

action of Dibromide of Ethylene Ethyl- stibines (s. Antimony-radicles, 

on Ammonia and the Monamines 698 Qrganic, i. 841). 

Oxethylenamines or £thylene-hy- Ethyl-strychnine (a. Strychnine), 

doramines . . . . • — Ethyl-sulphydric acid (s. Ethyl, Sul- 

hylene-carbaroides . . . , 696 phydrates of, p. 647). 

hylene-dichloride of Platinum . . •— Ethyl-sulphocarbonic and -sulphophos- 

hylene-hydorsmines (s. Ethylene* pboric acids (s. Sulphocarbonic and 

leases, p, 694) I Sulpbophosphoric ethers). 
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Ethyl-sulphuric and. -sulphurous acids 
(s. Sulphuric and Sulphurous ethers). 
Ethyl-tannuvSpidic acid (s. Tannic acids) 
Etli}d-tartaric acid (s, 'I’artaric ethers). 
Ethyl-thioBinarnine (s. Thiosinamine). 
Ethyl-toluidine (s. Toluidine). 
Ethyl-trithionic acid (s. Metliyl-dithi- 
onic acid). 

Ethvl-urea (s. Carbamide, L 754; also 
ii.* 664). 

Ethyl -urethane (s. Carbamic acid, i. 751). 
Eucairite (s. Eukairite, p. C05). 

Eucalyn . 

Eucalyptus 

Eucampito (s. Eukamptite, p. 

Euchema spinosum 
Euclilorine 
Euchrolc acid • 

Euchroite 
Euchrone 
Euchyaiderlte. 

Kucluae . . 

Euclasito 
Eiidialyte 

Eudiometer (s. Analysis of Gases, i. 268). 

Eudiopliite 

Eiigenallopbanic acid (s. Allophanic 
acid, i. 134). 

Eugenanisic anhydride .... 
Eug(‘ne-glance (s. Eolybasite). 
Eugeneaite . . . . • 

Eiigenethyl 

Eugenic acid . • • • • 

Eugenin. . . . . 

Eugcno-benzoic anhydride • • 

Eugenol (s. Eugenic acid). 
Eugeno-cuminic anhydride (p. 108). 
Eugcno-toluylic anhydride . 

Eugetic acid (s. Addenda, p. 968). 
Euglena viridis 
Eukairite 
Eukamptito . 

Euklose (s. Euclase). 

Eukolyte 
Eukolyte-titanite 
Eulyain . 

Eulysite • 

Eulyte and Dyslyte 
Eulytin . 

Eumanite 
Euodyl . 

Euonymin 
£uon3rmite 
Eupatorium 
Euphorbia 

Kuphorbin (s. Euphorbiom). 
Euphorbium .... 
Enphotide (s. Gabbro). 

Euphrasia 
Euphyllite 
Eupione . 

Eupyrchrolte . 

EuritQ » 

Eosyochite 
Entomite 
Euxanthio acid 

Bromeuxantbic acid 
Ghioreuxanthic add 
Kitroeuxantbic add 
Coccinonio acid • 

Uamathionic add • 


FAQB 


601 


602 

GOB 


604 


605 


606 


607 

608 


609 


^0 


Euxanthone . • , 

Euxenito 

EuzeoUte (s. Stilbite). 
Evaporation (s. Heat). 

Evernia . . . . 

Evernic acid . . < 

Evorninic acid « 

Evernitic acid . , 

Exnnthalosc . • 

Excrements . . . 

Excrctin . . . 

Excrotolic acid . . 

Exophacin . . < 

Exosmoso (a. Osmose). 
Expansion (s. Heat). 
Exsiccator . . . 

Extract . • . < 

Eye . • • 


FAOB 
. 610 
. 611 


612 

613 

614 


F. 

Pieces (a. Excrements). 

Fagin . . . • • 

Fagus (s. Beech). 

Falil-erz (s. Tetrahedrite). 

Fahlunite • . . • 

Fassaito ..... 

Fats . . * • t 

Faujasite • . • • 

Fayalito ..... 

Fnycnce . • • • • 

Feather-alum. . • 

Feather-ore .... 

Feathers ...» 

Feldspar (s. Felspar). 

Felsite 

Felsobanyite (s. Gibbsite). 

Felspar 

Orthoclase . . • 

Albito . . . . 

Green Felspar of Bodenmais 
Felspatbic rocks . 

Fennel, Oil of. 

Fergusonite . . . . 

Fermentation and Putrefaction 

Circumstances which prevent or 
interrupt these processes 
Theories of fermentation 
Fermentation, Acetous . 

Fermentation, Alcoholic or Vinous 
Fermentation, Butyrous 
Fermentation, Gallous or Tannous 
Fermentation, Loctous . 

Fermentation, Mucous . 

Fermentation, Pectous . 

Fermentation, Saccharous 
Fermentation, Sinapons . 

Fermentation, Tannous (a. Formenta* 
tion, Gallons, p. . 681). 

Fermentation, Urinous . ^ ♦ 

Fermentation, Vinous fp. 627). 
Fermentation, Viscous (s. Fermentation, 
Mucous, jK 682). 

Ferment Oils . . 

Ferrates , 

Ferric acid . • 

Ferric oxide . 

Ferric salts . . • ^ 

Ferri-, or Ferrid-cyanldei (•. Cyanides 
of Iron, p. 248). 

Ferrites • . • • • • • 


615 

616 
617 


618 

619 

621 

622 

628 


625 

626 
628 

6dl 


632 

633 

634 


686 

638 
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639 

640 

642 

643 

644 

645 


646 


647 


651 


664 


PAQB 

Ferrocobaltino 638 

Ferrocyanldea ) (s. Cyanides of Iron, 
Ferroprussiates j p. 222 ). 

Fibrin 

Preparation . 

Formation from Albumin 
Properties and Composition 
Decompositions 

Sources and Physiological relations 
Fibrin, Vegetable . 

Fibroferrile .... 

Fibroin 

Fibrolite .... 

Fichtelite .... 

* Ficaria 

Ficiarin 

Fir.inite (s. Vivianite). 

Ficus 

Fioldite ..... 

Figure-stone (s. Agalraatolite, i. 60). 

Fiticic acid .... 

Filiinelisic acid 
Filimelisi-sulphuric acid 
Filipelosic acid 

Chlorofilipelosic acid 

Filix 

Filixolinic and Filosmylic acids 
Filtration .... 

Fiorite 

Fi reblende . • . . 

Fire-clay .... 

Fire-damp .... 

Firo-opnl (s. Opal). 

Fireworks (s. Pyrotechiiy). 

Firewood (a Wood). 

Fischerita .... 

Fisli-oil (s. Oils). . 

Fixed air ... . 

Fixity 

FJnke-white .... 

Flame . . • . • 

Flavin 

Fhivindin .... 

Flavine 

Flax . . 

Composition of the Ash of the Stem 
and Seed 

Composition of Flax-soils 
Steep-waters . . 

Hot-water steeping 

Flesh 

Flesh-juice . . . 

Broth — Liebig’s broth for invalids 
Flexible Sandstone 
Flexible Silver ore (s. Stembergite), 

Flint 

Flinty Slate (s. Slate). 

f loatstone . . . . « 

los ferri . . • . 

Flour . , • . . 

Flowers, Colours of • • 

Fiuavil ...... 

Flucerine . . . . 

Fluollite 

Fluoborie acid (a. Boron, Fluoride of, i, 

633). 

Fluocerine • • . » 

Fluocerite . . • • 

Flaochjoie • • . . 

Fluolite . . , • • 

Fluor (s. Fluor spar), 

Fluorhydric or Hydrofluoric acid 
Fluori^B of Aluminium (i. 167). 


666 

666 


667 

658 

659 

eco 

661 

665 

667 


668 


669 


Fluoride of Ammonium 
Fluoride of Antimony (i. 822). 

Fluoride of Arsenic (i 317). 

Fluoride of Benzoyl . . . • 

Fluoride of Barium (i. 604). 

Fluoride of Boron (i. 632). 

Fluorides of Cadmium, Calcium, Cerium, 
Cobalt, Cupper, &c. (sec the several 
metals). 

Fluoride of Fthyl (ii. 633). 

Fluoride of Hydrogen (ii. 669). 

Fluoride of l‘liosphorus (s. Phosphorus 
Fluoride of). 

Fluoride of Silicon (s. Silicon, Fluoride 
of). 

Fluorides, Metallic .... 

Fluorifles, Organic .... 

Fluorine ...... 

Fluorine, Detection and Estimation of : 

1. Beactions . . . . . 

2. Quantitative estimation 
Estimation in Solutions 

in insoluble com- 
pounds 

—■ of free Hydrofluoric 

acid in presence of 
Fluorides 

3. Separation of Fluorine fn»m other 

Elements .... 

4. Atomic weight of Fluorine 

Fluor spar 

Fiuos’Iicanilide 

Fluosilicates ) (g. Fluorides, p. 671 ; 
Fluotantalates >also Silicon, Tantalum, 
Fluotitanates J Titanium). 

Flux ....... 

FIy-))owder 

Fodder 

Foliated Tellurium (s. Nogyagite). 

Food (s. Nutrition). 

Forinami<le ...... 

Naphthyl-formamide . 
Phenyl-formaraido .... 

Forinunilide 

Formenamino , . . . 

Forrnene, trinitrated (s. Nitroform). 

Furniic acid 

Occurreree 

Formation .... 
I'rcpunition .... 
Ib'opcrties .... 
Decompositions 
Formates 
Formic Ethers 

Formomethylal (s. Methylal). 
Formonaphthnlide (s. Naplithylforma- 
mide, p. 681), 

Forrnonetin . 

Formulse, Rational 
Formyl . . . . 

Formylia, Formylamino 
Formviine . . . - 

Formyl -diphenyl -diamine (a. Phenyla- 
niines). 

Forsterite 

Fosresinic acid . . 

Fournetito 
Fowlerite 

Foyaite .... 

Fracture of Minerals • 

Fragaria . i • 

Fraidronite . . ' . 

Francolite . • 


rA08 

670 


671 


672 


673 

674 

675 


676 

677 
679 


680 


681 

682 


683 

685 

687 

688 
693 


696 

705 


706 
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Frangulin . . , 


a 

> PAGE 
. 706 

G 


xvitrofrangulic acid ^ 


• 


707 


PAGB 

Frankincense • 





Gabbro 

. . 756 

Franklinite . • . 




T* 

Gabbrouite (s. Scapolite). 

« . -*• 

Fraxetin . . • 





Gadinicacid .... 

. . — • 

Fraxin • • • • 
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Gadolinite .... 

. . 757 

Frazinine . • . 
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Oaduin . « » • . 

. . — 

Fraxinite • • • 




— 

Qagates .... 

• . — 

Fraxinus . . • 




— 

Gahnite .... 


Freibergite . 




710 

Galactin • ^ * • 

. 

Freislebenite . 





Galactite . " . 

. . 768 

French Berries 




— 

Galam-butter * • , 

. . — 

French Polish 





Galanga .... 

• . — • 

Fritillaria imperialis 




— 

Galapectite (s. Halloysite), 


Fritt «... 




— 

Galbanum .... 

• . — 

Fruit .... 





Galena 

. . 759 

Fucus (s. Sea- weed). 
Fucusamide . 




717 

Galipot 

Gall tannic acid . • 


Fucusine • . . 




— 

Galium 


Fucusol .... 


e 


718 

Gall (s. Bile). 


Fuel .... 


e 


— 

Gallamic acid 


Composition of Coal 




719 

Gallery thronic acid 

. . — 

Lignite 




721 

Gallhumic add . • 

• . — 

Wood 




— 

Gallic acid .... 

. . — 

Peat, Turf 




Gallates .... 

. . 761 

Relative calorific powers of various 


Galllcenite (s. Rutile). 

. . 762 

kinds of Fuel 




723 

Gall-nuts .... 

Thei-mal effect of Fuel 



. 

724 

Gallotannic acid . 

. . — 


Fuller*8 Earth 
Fulminates . . • 

Fulminate of Copper 
Fulminate of Hydrogen 
Fulminate of Mercury 
Fulminates of Silver 
Fulminates of ^inc 
Fulminic acid (p. 732). 
Fulipinuric acid . 

Fulminurates . 
Fulminuric ether . , 

Fumaramide . . 

Fumaric acid . 

Fumarates 
Fumaric anhydride 
Fumaric Ether 
Fumarimide ... 
Fumarino ... 
Fumaryl, Chloride of . 
Fumigation . 

Fuming Liquor of Boyle 
Cadet 
Libavius 

Fungic acid ; . , 

Funkite 
Furfuramide . 

Furfurine ... 
FurfUrine-s^ts 
Ethyl-furfhrine 
Amyl- furfurine 
Furfurol 

Tbiofurfol 

Beleniofurfol . • 

Fuscite (s. Scapolite). 

Fusel oil ... 

' DefoselaUon of AJcohol 
Fusible metal , 

Foaion (s. Heat). 

Fustic .... 
Fustin . . 


dphide of Fit^l 


Gullotan nates 

Galls (s. GalLnuts). 

Gallstones . . . • • 

Gallulmic acid (s. Gallic acid) 
Galvanism (s. Electricity). 

Oslvanometer 

Galvanoplasty 

Galvanoscope 

Gambir (s. Catechu). 

Gamboge 

Gamsigradite 

Gangue 

Ganomatite 

Garancenz 

Garancin . . * . • • 

Garbenstilbite (a. Stilbite). 

Garcinia 

Gardenia 

Garnet 

Gas . 

Gaa Burners and Furnaces . . • 

Bunsen’s Burner .... 
Gridin’s Gas-furnaces for Evapora- 
ration, and for Fusion of Silicates, 

&c. 

Griffin’s Blast Gas-furnace . 
Gore’s Gas-furnace « * . 

Gases, Absorption of : 

f. By Liquids .... 
11. By Solids . . . . 

Gases, Collection and Preservation of . 
Collection in exhanstedvessela 
' Collection by displacement of air • 
Collection in limiids : 

Water and mercury troughs 
Cooper’s mercurial receiver . 
Gas-holders and Gasometers . 
Bunsen’s Mercurial Gasometer 
Preservation of Gases in ssaled 
tubes . . • • • • 

Gases, Combination of, by Volnmo 
Gases, Diffusion of. . . * • 

^paration of Gases by Diffusion: Jfm- 
fysii . . . . • 

Theoiy of Diffusion . . • 
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Ktmsion of . . . , . gig 

Oasofl, Liquefaction and Solidification of 
(s. Heat)* 

Gases, Osmose of . , . . _ 

Oases, Relations of, to Pressure and Tem- 
perature 

iases, Specific Gravity of (s. Specific 
Gravity). 

Gases, Specific Heat of (s. Heat). 

Gases, Transpiration of . 

Gasterase .... 

Gastric Juice . 

Gaultheria 


810 


820 


Gau 1 th eric acid (s. Methyl -salicylic acid ), 

Gaultherilene 

Gay-Lussite 

Gcdrite 

Gehlenite 

Geic acid (s. Ulmic acid). 

Gelatin 

Gelatin, Vegetable (a Gluten). 
Gelidium ..... 

Gelose 

Gems 

Gentian 

Gentianic acid . . • . 

Gentianin 

Geoceraln 

Geoceric acid 

Geocerinone 

Geocronite 

Geode ...... 

Geology, Chemistry of . 

Germination of Plants . 

Oersdorffite (a. Nickel-glance). 
Geyserite (s. Opal). . . 

Gihbsite. . . . 

(iieseckite , . . 

Gigantolite , . . 

Gilbertite ..... 
Gilding (g. Gold). 

Gillin^te (s. Hisingerite). 

Gin 

Ginger 

Ginseng. . , . , 

Giobertite (s. Magnesite). 

Girasol . . . ; , . 

GiHmondin (s. Abrazite). 

Githagin (s. Saponin). 

Glaiadin (e. Gluten). 

Glairin (s. Baregin, i. 600). 

Glance . , . . , , 

Glaserite . . 

Glass 

Composition of various kinds of 
glass: 

Bottle and Window-glass . 

Plate glass. Bohemian glass 
Ciystai glass. Flint glass . 
Mentz ^nx or Pierre de Strass . 
Aventurin glass. Ruby-glass . 

Knamel 

Det^mposition of glass 
Bevitiified glass. lUanmiir’sPor* 

celain 

G aubapatite ♦ . . , • . 

Glauber salt (s. Sulphates). 

Ganlwrit, . . . . . . 

OaacMj. 

G eucloadd . . . . . • 

Glaudne . . • - • 


825 

826 


829 


830 


831 


838 


840 

841 


842 

843 


844 

845 


Glaucium , . 

Glaucodote . 

Glaucolite (s. Scapolite). 

Glaucomelanic acid 
Glauconite . 

Glaucophane (s. Wiebtyn). 
Glaucopicripe 

Glaucosiderite (s. Vivianite). 

Glerhoma . 

Gliadin, s. Gluten 
Glinkite .... 

Globularia 
Globulin 
Glockcrite 

Glonoin (s. Nitroglycerin). 

Gloasecolite . 

Glottalite 
Gliicic acid . 

Glucinum 

Compounds of Glucinum 
Glucinum, Alloys of 
Glucinum, Bromide of . 

Glucinum, Chloride of . 
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